
SCATTERING THEORY APPROACH TO 
THERMODYNAMICS OF HADRONS

POK MAN LO (盧博⽂文）  

University of Wroclaw

HIRSCHEGG 2019



S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS

� lnZ =

Z
dE e��E ⇥ 1

⇡

@

@E
tr (�E) .

�, �, ��, �...

g.s

g.s

g.s

g.s

+ repulsions

Q(M) ⌘ 1

2
Im (tr ln S)

<latexit sha1_base64="KsbISd48aM7NfxlFNfxiUOEgpfU="></latexit><latexit sha1_base64="KsbISd48aM7NfxlFNfxiUOEgpfU="></latexit><latexit sha1_base64="KsbISd48aM7NfxlFNfxiUOEgpfU="></latexit><latexit sha1_base64="KsbISd48aM7NfxlFNfxiUOEgpfU="></latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

PWA  
X  

S-matrix thermo.



IN COLLABORATION WITH

Bengt Friman  

Anton Andronic  

Peter Braun-Munzinger 

Johanna Stachel 

Pasi Huovinen 

Chihiro Sasaki  

Krzysztof Redlich



 
⇡ ⇥ ✓(

p
s�mres)

<latexit sha1_base64="bF40PmfjVDOgHP1+0L6VEZGsb5E=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWFXBC2DNpYRzAOyIcxObpIhM7vrzF0hLPkGG3/FxkIRWys7/8bJo9DEA8MczrmXe+8JYikMuu63k1lZXVvfyG7mtrZ3dvfy+wd1EyWaQ41HMtLNgBmQIoQaCpTQjDUwFUhoBMPrid94AG1EFN7hKIa2Yv1Q9ARnaKVOvuTHgvooFBj7DQBZ0Tf3GlMzPlWd1NeKajDjEs118gW37E5Bl4k3JwUyR7WT//K7EU8UhMglM6bluTG2U6ZRcAnjnJ8YiBkfsj60LA2Z3aGdTk8a0xOrdGkv0vaFSKfq746UKWNGKrCViuHALHoT8T+vlWDvsp2KME4QQj4b1EskxYhO8qFdoYGjHFnCuBZ2V8oHTDOONsVJCN7iycukflb23LJ3e16oXM3jyJIjckyKxCMXpEJuSJXUCCeP5Jm8kjfnyXlx3p2PWWnGmfcckj9wPn8Ac9GdTA==</latexit><latexit sha1_base64="bF40PmfjVDOgHP1+0L6VEZGsb5E=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWFXBC2DNpYRzAOyIcxObpIhM7vrzF0hLPkGG3/FxkIRWys7/8bJo9DEA8MczrmXe+8JYikMuu63k1lZXVvfyG7mtrZ3dvfy+wd1EyWaQ41HMtLNgBmQIoQaCpTQjDUwFUhoBMPrid94AG1EFN7hKIa2Yv1Q9ARnaKVOvuTHgvooFBj7DQBZ0Tf3GlMzPlWd1NeKajDjEs118gW37E5Bl4k3JwUyR7WT//K7EU8UhMglM6bluTG2U6ZRcAnjnJ8YiBkfsj60LA2Z3aGdTk8a0xOrdGkv0vaFSKfq746UKWNGKrCViuHALHoT8T+vlWDvsp2KME4QQj4b1EskxYhO8qFdoYGjHFnCuBZ2V8oHTDOONsVJCN7iycukflb23LJ3e16oXM3jyJIjckyKxCMXpEJuSJXUCCeP5Jm8kjfnyXlx3p2PWWnGmfcckj9wPn8Ac9GdTA==</latexit><latexit sha1_base64="bF40PmfjVDOgHP1+0L6VEZGsb5E=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWFXBC2DNpYRzAOyIcxObpIhM7vrzF0hLPkGG3/FxkIRWys7/8bJo9DEA8MczrmXe+8JYikMuu63k1lZXVvfyG7mtrZ3dvfy+wd1EyWaQ41HMtLNgBmQIoQaCpTQjDUwFUhoBMPrid94AG1EFN7hKIa2Yv1Q9ARnaKVOvuTHgvooFBj7DQBZ0Tf3GlMzPlWd1NeKajDjEs118gW37E5Bl4k3JwUyR7WT//K7EU8UhMglM6bluTG2U6ZRcAnjnJ8YiBkfsj60LA2Z3aGdTk8a0xOrdGkv0vaFSKfq746UKWNGKrCViuHALHoT8T+vlWDvsp2KME4QQj4b1EskxYhO8qFdoYGjHFnCuBZ2V8oHTDOONsVJCN7iycukflb23LJ3e16oXM3jyJIjckyKxCMXpEJuSJXUCCeP5Jm8kjfnyXlx3p2PWWnGmfcckj9wPn8Ac9GdTA==</latexit><latexit sha1_base64="bF40PmfjVDOgHP1+0L6VEZGsb5E=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkhWFXBC2DNpYRzAOyIcxObpIhM7vrzF0hLPkGG3/FxkIRWys7/8bJo9DEA8MczrmXe+8JYikMuu63k1lZXVvfyG7mtrZ3dvfy+wd1EyWaQ41HMtLNgBmQIoQaCpTQjDUwFUhoBMPrid94AG1EFN7hKIa2Yv1Q9ARnaKVOvuTHgvooFBj7DQBZ0Tf3GlMzPlWd1NeKajDjEs118gW37E5Bl4k3JwUyR7WT//K7EU8UhMglM6bluTG2U6ZRcAnjnJ8YiBkfsj60LA2Z3aGdTk8a0xOrdGkv0vaFSKfq746UKWNGKrCViuHALHoT8T+vlWDvsp2KME4QQj4b1EskxYhO8qFdoYGjHFnCuBZ2V8oHTDOONsVJCN7iycukflb23LJ3e16oXM3jyJIjckyKxCMXpEJuSJXUCCeP5Jm8kjfnyXlx3p2PWWnGmfcckj9wPn8Ac9GdTA==</latexit>

HRG MODEL

� lnZ =

Z
dE e��E ⇥ 1

⇡

@

@E
tr (�E) .

HRG approx.

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

10-4

10-2

100

102

104

106

0 0.5 1 1.5 2 2.5

dN
(M
)/
dM

M (GeV)
10-4

10-2

100

102

104

106

0 0.5 1 1.5 2 2.5

100

101

102

103

0 0.5 1 1.5 2 2.5

N(
M)

M (GeV)

100

101

102

103

0 0.5 1 1.5 2 2.5

The problem of initial conditions

© 2006 Nature Publishing Group 

 

larger than the value required by cosmology. Postulating instead a con-
nection to the energy scale of quantum chromodynamics would still 
leave a discrepancy of some 40 orders of magnitude. A cosmological 
dark energy field that is so unnaturally small compared with these par-
ticle physics scales is a profound mystery. 

The evidence for an accelerating universe provided by type Ia super-
novae relies on a purely phenomenological calibration of the relation 
between the peak luminosity and the shape of the light curve. It is this 
that lets these supernovae be used as an accurate standard candle. Yet 
this relation is not at all understood theoretically. Modern simulations 
of thermonuclear explosions of white dwarfs suggest that the peak lumi-
nosity should depend on the metallicity of the progenitor star66,67. This 
could, in principle, introduce redshift-dependent systematic effects, 
which are not well constrained at present. Perhaps of equal concern is the 
observation that the decline rate of type Ia supernovae correlates with 
host galaxy type68,69, in the sense that the more luminous supernovae 
(which decline more slowly) are preferentially found in spiral galaxies. 

Interestingly, it has also been pointed out that without the evidence 
for accelerated expansion from type Ia supernovae, a critical density 
Einstein–de Sitter universe can give a good account of observations of 
large-scale structure provided the assumption of a single power  law for 
the initial inflationary fluctuation spectrum is dropped, a small amount 
of hot dark matter is added, and the Hubble parameter is dropped to the 
perhaps implausibly low value h ≈ 0.45 (ref. 70).

The CMB temperature measurements provide particularly compelling 
support for the paradigm. The WMAP temperature maps do, however, 
show puzzling anomalies that are not expected from gaussian fluctua-
tions71–73, as well as large-scale asymmetries that are equally unexpected 
in an isotropic and homogeneous space74,75. Although these signals could 
perhaps originate from foregrounds or residual systematics, it is curious 
that the anomalies seem well matched by anisotropic Bianchi cosmologi-
cal models, although the models examined so far require unacceptable 
cosmological parameter values76. Further data releases from WMAP 
and future CMB missions such as PLANCK will shed light on these 

Figure 4 | Time evolution of the cosmic large-
scale structure in dark matter and galaxies, 
obtained from cosmological simulations of the 
ΛCDM model. The panels on the left show the 
projected dark matter distribution in slices 
of thickness 15 h–1 Mpc, extracted at redshifts 
z = 8.55, z = 5.72, z = 1.39 and z = 0 from the 
Millennium N-body simulation of structure 
formation5. These epochs correspond to times of 
600 million, 1 billion, 4.7 billion and 13.6 billion 
years after the Big Bang, respectively. The colour 
hue from blue to red encodes the local velocity 
dispersion in the dark matter, and the brightness 
of each pixel is a logarithmic measure of the 
projected density. The panels on the right show 
the predicted distribution of galaxies in the same 
region at the corresponding times obtained by 
applying semi-analytic techniques to simulate 
galaxy formation in the Millennium simulation5. 
Each galaxy is weighted by its stellar mass, and 
the colour scale of the images is proportional to 
the logarithm of the projected total stellar mass. 
The dark matter evolves from a smooth, nearly 
uniform distribution into a highly clustered state, 
quite unlike the galaxies, which are strongly 
clustered from the start.
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where ta are the generators of SU(Nc) in the fundamental
representation (The cell index j is omitted here). The
N2

c �1 equations (4) are highly non-linear and for Nc = 3
are solved iteratively.

The total energy density on the lattice at � = 0 is given
by

�(� = 0) =
2

g2a4
(Nc � Re tr U�) +

1

g2a4
tr E2

� , (5)

where the first term is the longitudinal magnetic energy,
with the plaquette given by U j

� = Ux
j Uy

j+x̂ Ux†
j+ŷ Uy†

j .
The explicit lattice expression for the longitudinal elec-
tric field in the second term can be found in Refs. [32, 34].
We note that the boost-invariant CYM framework ne-
glects fluctuations in the rapidity direction. Anisotropic
flow at mid-rapdity is dominated by fluctuations in the
transverse plane but fluctuations in rapidity could have
an e�ect on the dissipative evolution; the framework to
describe these e�ects has been developed [35] and will
be addressed in future work. Other rapidity dependent
initial conditions are discussed in Ref. [36].

In Fig. 1 we show the event-by-event fluctuation in
the initial energy per unit rapidity. The mean was ad-
justed to reproduce particle multiplicities after hydro-
dynamic evolution. This and all following results are for
Au+Au collisions at RHIC energies (

�
s = 200 AGeV) at

midrapidity. The best fit is given by a negative binomial
(NBD) distribution, as predicted in the Glasma flux tube
framework [37]; our result adds further confirmation to a
previous non-perturbative study [38]. The fact that the
Glasma NBD distribution fits p+p multiplicity distribu-
tions over RHIC and LHC energies [24] lends confidence
that our picture includes fluctuations properly.

We now show the energy density distribution in the
transverse plane in Fig. 2. We compare to the MC-KLN
model and to an MC-Glauber model that was tuned to
reproduce experimental data [4, 8]. In the latter, for ev-
ery participant nucleon, a Gaussian distributed energy
density is added. Its parameters are the same for ev-
ery nucleon in every event, with the width chosen to be
0.4 fm to best describe anisotropic flow data. We will
also present results for a model where the same Gaus-
sians are assigned to each binary collision. The resulting
initial energy densities di�er significantly. In particular,
fluctuations in the IP-Glasma occur on the length-scale
Q�1

s (x�), leading to finer structures in the initial energy
density relative to the other models. As noted in [25],
this feature of CGC physics is missing in the MC-KLN
model.

We next determine the participant ellipticity �2 and
triangularity �3 of all models. Final flow of hadrons vn is
to good approximation proportional to the respective �n

[39], which makes these eccentricities a good indicator of
what to expect for vn. We define

�n =

�
�rn cos(n�)�2 + �rn sin(n�)�2

�rn� , (6)

FIG. 2. (Color online) Initial energy density (arbitrary units)
in the transverse plane in three di�erent heavy-ion collision
events: from top to bottom, IP-Glasma, MC-KLN and MC-
Glauber [8] models.

where �·� is the energy density weighted average. The re-
sults from averages over � 600 events for each point plot-
ted are shown in Fig. 3. The ellipticity is largest in the
MC-KLN model and smallest in the MC-Glauber model
with participant scaling of the energy density (Npart).
The result of the present calculation lies in between,
agreeing well with the MC-Glauber model using binary
collision scaling (Nbinary). We note however that this
agreement is accidental; binary collision scaling of eccen-
tricities, as shown explicitly in a previous work applying
average CYM initial conditions [40], does not imply bi-
nary collision scaling of multiplicities.

The triangularities are very similar, with the MC-KLN
result being below the other models for most impact pa-
rameters. Again, the present calculation is closest to the
MC-Glauber model with binary collision scaling. There
is no parameter dependence of eccentricities and trian-
gularities in the IP-Glasma results shown in Fig. 3. It
is reassuring that both are close to those from the MC-
Glauber model because the latter is tuned to reproduce
data even though it does not have dynamical QCD fluc-
tuations.

We have checked that our results for �2, �3 are insensi-

Problem for cosmology and heavy ion physics: precise initial conditions for
fluid dynamic description not known

240 24. The Cosmological Parameters

Table 24.1: Parameter constraints reproduced from Ref. 2 (Table
5) and Ref. 4 (Table 4), with some additional rounding. All columns
assume the �CDM cosmology with a power-law initial spectrum, no
tensors, spatial flatness, and a cosmological constant as dark energy.
Above the line are the six parameter combinations actually fit to the
data in the Planck analysis (�MC is a measure of the sound horizon
at last scattering); those below the line are derived from these. Two
di�erent data combinations including Planck are shown to highlight
the extent to which additional data improve constraints. The first
column is a combination of CMB data only — Planck temperature
plus WMAP polarization data plus high-resolution data from ACT
and SPT — while the second column adds BAO data from the SDSS,
BOSS, 6dF, and WiggleZ surveys. For comparison the last column
shows the final nine-year results from the WMAP satellite, combined
with the same BAO data and high-resolution CMB data (which they
call eCMB). Uncertainties are shown at 68% confidence.

Planck+WP Planck+WP WMAP9+eCMB

+highL +highL+BAO +BAO

�bh2 0.02207 ± 0.00027 0.02214 ± 0.00024 0.02211 ± 0.00034

�ch2 0.1198 ± 0.0026 0.1187 ± 0.0017 0.1162 ± 0.0020

100 �MC 1.0413 ± 0.0006 1.0415 ± 0.0006 �

ns 0.958 ± 0.007 0.961 ± 0.005 0.958 ± 0.008

� 0.091+0.013
�0.014 0.092 ± 0.013 0.079+0.011

�0.012

ln(1010�2
R) 3.090 ± 0.025 3.091 ± 0.025 3.212 ± 0.029

h 0.673 ± 0.012 0.678 ± 0.008 0.688 ± 0.008

�8 0.828 ± 0.012 0.826 ± 0.012 0.822+0.013
�0.014

�m 0.315+0.016
�0.017 0.308 ± 0.010 0.293 ± 0.010

�� 0.685+0.017
�0.016 0.692 ± 0.010 0.707 ± 0.010

scale-invariant density perturbations. But it is disappointing that there is
no sign of primordial gravitational waves, with the CMB data compilation
providing an upper limit r < 0.11 at 95% confidence [2] (weakening to
0.26 if running is allowed). The spectral index is clearly required to be less
than one by this data, though the strength of that conclusion can weaken
if additional parameters are included in the model fits.

For further details and all references, see the full Review of Particle

Physics. See also “Astrophysical Constants,” Table 2.1 in this Booklet.

Nevertheless, cosmology is now a precision science!

How is that possible?
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HRG MODEL

� lnZ =

Z
dE e��E ⇥ 1

⇡

@

@E
tr (�E) .

HRG approx.

⇡
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WHAT'S IN A NAME? THAT WHICH 
WE CALL A RESONANCES?

• A resonance is MORE than a MASS and a WIDTH

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016)

f0(500) or σf0(500) or σf0(500) or σf0(500) or σ
[g ]

was f0(600)was f0(600)was f0(600)was f0(600)
IG (JPC ) = 0+(0 + +)

Mass m = (400–550) MeV
Full width Γ = (400–700) MeV

f0(500) DECAY MODESf0(500) DECAY MODESf0(500) DECAY MODESf0(500) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

ππ dominant –
γγ seen –

ρ(770)ρ(770)ρ(770)ρ(770) [h] IG (JPC ) = 1+(1 −−)

Mass m = 775.26 ± 0.25 MeV
Full width Γ = 149.1 ± 0.8 MeV
Γee = 7.04 ± 0.06 keV

Scale factor/ p

ρ(770) DECAY MODESρ(770) DECAY MODESρ(770) DECAY MODESρ(770) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

ππ ∼ 100 % 363

ρ(770)± decaysρ(770)± decaysρ(770)± decaysρ(770)± decays

π±γ ( 4.5 ±0.5 ) × 10−4 S=2.2 375

π±η < 6 × 10−3 CL=84% 152

π±π+π−π0 < 2.0 × 10−3 CL=84% 254

ρ(770)0 decaysρ(770)0 decaysρ(770)0 decaysρ(770)0 decays

π+π−γ ( 9.9 ±1.6 ) × 10−3 362

π0γ ( 6.0 ±0.8 ) × 10−4 376

ηγ ( 3.00±0.20 ) × 10−4 194

π0π0γ ( 4.5 ±0.8 ) × 10−5 363

µ+µ− [i ] ( 4.55±0.28 ) × 10−5 373

e+ e− [i ] ( 4.72±0.05 ) × 10−5 388

π+π−π0 ( 1.01+0.54
−0.36±0.34) × 10−4 323

π+π−π+π− ( 1.8 ±0.9 ) × 10−5 251

π+π−π0π0 ( 1.6 ±0.8 ) × 10−5 257

π0 e+ e− < 1.2 × 10−5 CL=90% 376

ω(782)ω(782)ω(782)ω(782) IG (JPC ) = 0−(1 −−)

Mass m = 782.65 ± 0.12 MeV (S = 1.9)
Full width Γ = 8.49 ± 0.08 MeV
Γee = 0.60 ± 0.02 keV
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MISSION STATEMENT

• Take the full energy dependence of the S-matrix: 
 
masses, widths, branching fractions of resonances; 
coupled-channel effects;  
non-resonant interactions;  
unitarity, exchange symmetry, etc. 

• incomplete knowledge of QCD spectrum 
e.g. hyperon spectrum

Scattering theory + thermodynamics
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<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

N
<latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit>

N̄
<latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit>

T ⇠ 100MeV
<latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit>
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MISSION STATEMENT

• Take the full energy dependence of the S-matrix: 
 
masses, widths, branching fractions of resonances; 
coupled-channel effects;  
non-resonant interactions;  
unitarity, exchange symmetry, etc. 

• incomplete knowledge of QCD spectrum 
e.g. hyperon spectrum

Scattering theory + thermodynamics

from S. Ceci  
meson 2008

We Do…
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phase shifts encode 
hadronic interactions.

• positive: 

• attractive forces 

• resonances formation 

• negative: 

• repulsive forces 

• hard-core 

• channel opening up 

• resonance not as strong

W. Broniowski, F. Giacosa and V. Begun, 
PRC 92, 034905 (2015)
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Ishida et al.  
Prog. Theor. Phys. 95 (1996)  
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<latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit><latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit><latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit><latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit>
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3⇥ (2 �I=1/2
j=1 + 4 �I=3/2

j=1 )
<latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit><latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit><latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit><latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit>

(2 �
I=1/2
j=0

+ 4 �
I=3/2
j=0 )

<latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit><latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit><latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit><latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit>

K⇤(892)
<latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit><latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit><latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit><latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit>

+K
⇤ (143

0)

<latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit><latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit><latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit><latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit>

K⇤(1430)
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unflavored Baryons
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S-MATRIX APPROACH

R. Dashen, S. K. Ma and H. J. Bernstein, 
Phys. Rev. 187 (1969) 345. 

PML, EPJC 77 no.8 533 (2017). 

P. Fre, Fortschritte der Physik, 25 1-12 (1977)



S-MATRIX FORMULATION OF 
THERMODYNAMICS

R. Dashen, S. K. Ma and H. J. Bernstein, 
Phys. Rev. 187 (1969) 345. 
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S-matrix interpretation  
of medium effects:

S-matrix Functional

3+-body: e.g. pipiN

VS std. QFT 
VS imaginary time FTFT

coupled-channel system

Leutwyler and Smilga (1990),  
A. Schenk (1991),  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|⇢i
<latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit>

|⇡⇡i
<latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit>

|⇢(0)i
<latexit sha1_base64="0PFRpcjW0vTon/aJLBdCfUi0pWk=">AAACA3icdZDLSgMxFIbP1Futt1F3ugktQkUoM7Wgy6IblxXsBTpjyaRpG5rJDElGKEPBje/hyo0LRdz6Eu58G9NWweuBwMf/n5Pk/EHMmdKO82Zl5uYXFpeyy7mV1bX1DXtzq6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg68ZtXVCoWiQs9iqkf4r5gPUawNlLH3kk9Y2vkyUF0mRad/bFBLPqcjjt2wSkdOk6lXEG/wS050ypU897BLQDUOvar141IElKhCcdKtV0n1n6KpWbE3JfzEkVjTIa4T9sGBQ6p8tPpDmO0Z5Qu6kXSHKHRVP06keJQqVEYmM4Q64H66U3Ev7x2onvHfspEnGgqyOyhXsKRjtAkENRlkhLNRwYwkcz8FZEBlphoE1vOhPC5KfofGuWSa/jcpHECs8rCLuShCC4cQRXOoAZ1IHANd/AAj9aNdW89Wc+z1oz1MbMN38p6eQepoZkB</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="DRwYyuAibEMFCOm/HAmGgkE8tFo=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFqJuSqQVdFt24rGAv0BlLJs20oZlkSDJCGQpufBU3LhRx60u4821ML4LXA4GP/z8nyfnDhDNtEHp3cguLS8sr+dXC2vrG5pa7vdPUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofnE791Q5VmUlyZUUKDGPcFixjBxkpddy/zrW2grwbyOiuho7FFLPqcjrtuEZWPEapWqvA3eGU0rSKYV73rvvk9SdKYCkM41rrjocQEGVaGEXtfwU81TTAZ4j7tWBQ4pjrIpjuM4aFVejCSyh5h4FT9OpHhWOtRHNrOGJuB/ulNxL+8Tmqi0yBjIkkNFWT2UJRyaCScBAJ7TFFi+MgCJorZv0IywAoTY2Mr2BA+N4X/Q7NS9ixfomLtbB5HHuyDA1ACHjgBNXAB6qABCLgF9+ARPDl3zoPz7LzMWnPOfGYXfCvn9QOXIpd4</latexit>

|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

|⇢(0)i
<latexit sha1_base64="0PFRpcjW0vTon/aJLBdCfUi0pWk=">AAACA3icdZDLSgMxFIbP1Futt1F3ugktQkUoM7Wgy6IblxXsBTpjyaRpG5rJDElGKEPBje/hyo0LRdz6Eu58G9NWweuBwMf/n5Pk/EHMmdKO82Zl5uYXFpeyy7mV1bX1DXtzq6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg68ZtXVCoWiQs9iqkf4r5gPUawNlLH3kk9Y2vkyUF0mRad/bFBLPqcjjt2wSkdOk6lXEG/wS050ypU897BLQDUOvar141IElKhCcdKtV0n1n6KpWbE3JfzEkVjTIa4T9sGBQ6p8tPpDmO0Z5Qu6kXSHKHRVP06keJQqVEYmM4Q64H66U3Ev7x2onvHfspEnGgqyOyhXsKRjtAkENRlkhLNRwYwkcz8FZEBlphoE1vOhPC5KfofGuWSa/jcpHECs8rCLuShCC4cQRXOoAZ1IHANd/AAj9aNdW89Wc+z1oz1MbMN38p6eQepoZkB</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="DRwYyuAibEMFCOm/HAmGgkE8tFo=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFqJuSqQVdFt24rGAv0BlLJs20oZlkSDJCGQpufBU3LhRx60u4821ML4LXA4GP/z8nyfnDhDNtEHp3cguLS8sr+dXC2vrG5pa7vdPUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofnE791Q5VmUlyZUUKDGPcFixjBxkpddy/zrW2grwbyOiuho7FFLPqcjrtuEZWPEapWqvA3eGU0rSKYV73rvvk9SdKYCkM41rrjocQEGVaGEXtfwU81TTAZ4j7tWBQ4pjrIpjuM4aFVejCSyh5h4FT9OpHhWOtRHNrOGJuB/ulNxL+8Tmqi0yBjIkkNFWT2UJRyaCScBAJ7TFFi+MgCJorZv0IywAoTY2Mr2BA+N4X/Q7NS9ixfomLtbB5HHuyDA1ACHjgBNXAB6qABCLgF9+ARPDl3zoPz7LzMWnPOfGYXfCvn9QOXIpd4</latexit>

|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

�A⇡⇡
<latexit sha1_base64="Dw8S3dzyYsoMiJks7aiXczeNdac=">AAAB+3icbZC7TsMwFIZPyq2UWygSC4tFhcRUJSwwlsvA2Er0IrVRcFynteo4ke0gqiivwsIAQqy8CBsLz4J7GaDll4706T/nyMd/kHCmtON8WYWV1bX1jeJmaWt7Z3fP3i+3VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2Mrif99gOVisXiTo8T6kV4IFjICNbG8u1y74ZyjdGln/UShkzlvl1xqs5UaBncOVRqh43vewCo+/Znrx+TNKJCE46V6rpOor0MS80Ip3mplyqaYDLCA9o1KHBElZdNb8/RiXH6KIylKaHR1P29keFIqXEUmMkI66Fa7E3M/3rdVIcXXsZEkmoqyOyhMOVIx2gSBOozSYnmYwOYSGZuRWSIJSbaxFUyIbiLX16G1lnVNdwwaVzBTEU4gmM4BRfOoQa3UIcmEHiEJ3iBVyu3nq036302WrDmOwfwR9bHD8ailcg=</latexit><latexit sha1_base64="rqisOn3qR3A1CxlB8RwkIx7/YYI=">AAAB+3icbZC7SgNBFIbPxluMtzWCjc1gEKzCro2WMVpYJmAukF2W2clsMmT2wsysGJZ9FRsLRbT0DXwCOxufxcml0MQfDnz85xzmzO8nnEllWV9GYWV1bX2juFna2t7Z3TP3y20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8UdXk37njgrJ4uhWjRPqhngQsYARrLTlmWXnmnKF0aWXOQlDunLPrFhVayq0DPYcKrXD5jd7q380PPPT6cckDWmkCMdS9mwrUW6GhWKE07zkpJImmIzwgPY0Rjik0s2mt+foRDt9FMRCV6TQ1P29keFQynHo68kQq6Fc7E3M/3q9VAUXbsaiJFU0IrOHgpQjFaNJEKjPBCWKjzVgIpi+FZEhFpgoHVdJh2AvfnkZ2mdVW3NTp1GHmYpwBMdwCjacQw1uoAEtIHAPD/AEz0ZuPBovxutstGDMdw7gj4z3Hxfyl4Q=</latexit><latexit sha1_base64="rqisOn3qR3A1CxlB8RwkIx7/YYI=">AAAB+3icbZC7SgNBFIbPxluMtzWCjc1gEKzCro2WMVpYJmAukF2W2clsMmT2wsysGJZ9FRsLRbT0DXwCOxufxcml0MQfDnz85xzmzO8nnEllWV9GYWV1bX2juFna2t7Z3TP3y20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8UdXk37njgrJ4uhWjRPqhngQsYARrLTlmWXnmnKF0aWXOQlDunLPrFhVayq0DPYcKrXD5jd7q380PPPT6cckDWmkCMdS9mwrUW6GhWKE07zkpJImmIzwgPY0Rjik0s2mt+foRDt9FMRCV6TQ1P29keFQynHo68kQq6Fc7E3M/3q9VAUXbsaiJFU0IrOHgpQjFaNJEKjPBCWKjzVgIpi+FZEhFpgoHVdJh2AvfnkZ2mdVW3NTp1GHmYpwBMdwCjacQw1uoAEtIHAPD/AEz0ZuPBovxutstGDMdw7gj4z3Hxfyl4Q=</latexit><latexit sha1_base64="KhuOU2UdFeQHJ8nsdzvwjsqgB8Q=">AAAB+3icbZC7TsMwFIZPyq2UWygji0WFxFQlLDCWy8BYJHqRmihyXKe16jiR7SCqKK/CwgBCrLwIG2+D22aAll860qf/nCMf/2HKmdKO821V1tY3Nreq27Wd3b39A/uw3lVJJgntkIQnsh9iRTkTtKOZ5rSfSorjkNNeOLmZ9XuPVCqWiAc9Takf45FgESNYGyuw694t5RqjqyD3UoZMFYHdcJrOXGgV3BIaUKod2F/eMCFZTIUmHCs1cJ1U+zmWmhFOi5qXKZpiMsEjOjAocEyVn89vL9CpcYYoSqQpodHc/b2R41ipaRyayRjrsVruzcz/eoNMR5d+zkSaaSrI4qEo40gnaBYEGjJJieZTA5hIZm5FZIwlJtrEVTMhuMtfXoXuedM1fO80WtdlHFU4hhM4AxcuoAV30IYOEHiCZ3iFN6uwXqx362MxWrHKnSP4I+vzBzgKk+M=</latexit>

H
<latexit sha1_base64="f00bHJsRyEhTg/O4E50YSInus5Q=">AAAB8nicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTddVrAXmA4lk2ba0EwyJBmhDAVfwo0LRdz6Hu7d+TZm2i609YfAx3/OIf85UcqZNp737aysrq1vbJa23O2d3b398sFhS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa3Rb19gNVmklxb8YpDRM8ECxmBBtrBd0EmyHBPK9PeuWKV/WmQsvgz6Fy/elePQJAo1f+6vYlyRIqDOFY68D3UhPmWBlGOJ243UzTFJMRHtDAosAJ1WE+jTxBp9bpo1gq+4RBU/f3RI4TrcdJZDuLiHqxVpj/1YLMxJdhzkSaGSrI7KM448hIVOyP+kxRYvjYAiaK2ayIDLHCxNgrufYI/uLKy9A6r/qW77xK7QZmKsExnMAZ+HABNahDA5pAQMITvMCrY5xn5815n7WuOPOZI/gj5+MH6OuTJw==</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="xMvZpWkaumMdvdofP2TM6Moon/k=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclcSNLotuuqxgH5CGMplO2qGTSZi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXOfeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk2Sa8Q5LZKL7ITVcCsU7KFDyfqo5jUPJe+H0vvB7T1wbkahHnKU8iOlYiUgwilbyBzHFCaMyb82HtbrbcBcg68QrSR1KtIe1r8EoYVnMFTJJjfE9N8UgpxoFk3xeHWSGp5RN6Zj7lioacxPki8hzcmmVEYkSbZ9CslB/b+Q0NmYWh3ayiGhWvUL8z/MzjG6DXKg0Q67Y8qMokwQTUtxPRkJzhnJmCWVa2KyETaimDG1LVVuCt3ryOuleNzzLH9x6866sowLncAFX4MENNKEFbegAgwSe4RXeHHRenHfnYzm64ZQ7Z/AHzucPebORWg==</latexit>B = 2

d

dE
�⇡⇡

<latexit sha1_base64="8Sx2oTIqiJm4ZDX4zHq5E0EHEnQ=">AAACD3icbZC7SgNBFIbPeo3xtmppMxgUCwm7aUwjhIhgGcFcILuE2dnZZMjshZlZISz7Bja+io2FIrZ2Ymflqzi5FJr4w4GP/5zDzPm9hDOpLOvLWFpeWV1bL2wUN7e2d3bNvf2WjFNBaJPEPBYdD0vKWUSbiilOO4mgOPQ4bXvDy3G/fUeFZHF0q0YJdUPcj1jACFba6pkndXSBKsg5Q04gMMn8PPOvcuT4lCvcy5yEIV15zyxZZWsitAj2DEq16vcHAoBGz/x0/JikIY0U4VjKrm0lys2wUIxwmhedVNIEkyHu067GCIdUutnknhwda8dHQSx0RQpN3N8bGQ6lHIWengyxGsj53tj8r9dNVVB1MxYlqaIRmT4UpBypGI3DQT4TlCg+0oCJYPqviAywzkXpCIs6BHv+5EVoVcq25hudRh2mKsAhHMEp2HAONbiGBjSBwD08wjO8GA/Gk/FqvE1Hl4zZzgH8kfH+A8YxnX8=</latexit><latexit sha1_base64="9Q4aOM0UlQs5MBk8oPtce50S15A=">AAACD3icbZC7SgNBFIZn4y3G26qFiM1gUCxEdtOYRggRwTKCuUB2CbOzs8mQ2dllZlYIy76Bja9iY6GIrZ3YaWPrYzi5FJr4w4GP/5zDzPm9mFGpLOvDyM3NLywu5ZcLK6tr6xvm5lZDRonApI4jFomWhyRhlJO6ooqRViwICj1Gml7/fNhv3hAhacSv1SAmboi6nAYUI6WtjnlYhWewBJ1j6AQC4dTPUv8ig45PmEKd1Ikp1JV1zKJ1Yo0EZ8GeQLFS/nrb+fzerXXMd8ePcBISrjBDUrZtK1ZuioSimJGs4CSSxAj3UZe0NXIUEummo3syeKAdHwaR0MUVHLm/N1IUSjkIPT0ZItWT072h+V+vnaig7KaUx4kiHI8fChIGVQSH4UCfCoIVG2hAWFD9V4h7SOeidIQFHYI9ffIsNEontuYrnUYVjJUHe2AfHAEbnIIKuAQ1UAcY3IJ78AiejDvjwXg2XsajOWOysw3+yHj9ATWZn1E=</latexit><latexit sha1_base64="9Q4aOM0UlQs5MBk8oPtce50S15A=">AAACD3icbZC7SgNBFIZn4y3G26qFiM1gUCxEdtOYRggRwTKCuUB2CbOzs8mQ2dllZlYIy76Bja9iY6GIrZ3YaWPrYzi5FJr4w4GP/5zDzPm9mFGpLOvDyM3NLywu5ZcLK6tr6xvm5lZDRonApI4jFomWhyRhlJO6ooqRViwICj1Gml7/fNhv3hAhacSv1SAmboi6nAYUI6WtjnlYhWewBJ1j6AQC4dTPUv8ig45PmEKd1Ikp1JV1zKJ1Yo0EZ8GeQLFS/nrb+fzerXXMd8ePcBISrjBDUrZtK1ZuioSimJGs4CSSxAj3UZe0NXIUEummo3syeKAdHwaR0MUVHLm/N1IUSjkIPT0ZItWT072h+V+vnaig7KaUx4kiHI8fChIGVQSH4UCfCoIVG2hAWFD9V4h7SOeidIQFHYI9ffIsNEontuYrnUYVjJUHe2AfHAEbnIIKuAQ1UAcY3IJ78AiejDvjwXg2XsajOWOysw3+yHj9ATWZn1E=</latexit><latexit sha1_base64="bBzWnyYwnTPvQr5Esr2K8STnJUQ=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8GiuJCSdKMboVQElxXsBZpQJpNJO3RyYWYilJA3cOOruHGhiFu37nwbp20W2vrDgY//nMPM+b2EM6ks69sorayurW+UNytb2zu7e+b+QUfGqSC0TWIei56HJeUsom3FFKe9RFAcepx2vfH1tN99oEKyOLpXk4S6IR5GLGAEK20NzNMmukJ15JwjJxCYZH6e+Tc5cnzKFR5kTsKQrnxgVq2aNRNaBruAKhRqDcwvx49JGtJIEY6l7NtWotwMC8UIp3nFSSVNMBnjIe1rjHBIpZvN7snRiXZ8FMRCV6TQzP29keFQykno6ckQq5Fc7E3N/3r9VAWXbsaiJFU0IvOHgpQjFaNpOMhnghLFJxowEUz/FZER1rkoHWFFh2AvnrwMnXrN1nxnVRvNIo4yHMExnIENF9CAW2hBGwg8wjO8wpvxZLwY78bHfLRkFDuH8EfG5w+yZps4</latexit>

SCATTERING THEORY VS 
HAMILTONIAN (LEE MODEL)



|⇢(0)i
<latexit sha1_base64="0PFRpcjW0vTon/aJLBdCfUi0pWk=">AAACA3icdZDLSgMxFIbP1Futt1F3ugktQkUoM7Wgy6IblxXsBTpjyaRpG5rJDElGKEPBje/hyo0LRdz6Eu58G9NWweuBwMf/n5Pk/EHMmdKO82Zl5uYXFpeyy7mV1bX1DXtzq6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg68ZtXVCoWiQs9iqkf4r5gPUawNlLH3kk9Y2vkyUF0mRad/bFBLPqcjjt2wSkdOk6lXEG/wS050ypU897BLQDUOvar141IElKhCcdKtV0n1n6KpWbE3JfzEkVjTIa4T9sGBQ6p8tPpDmO0Z5Qu6kXSHKHRVP06keJQqVEYmM4Q64H66U3Ev7x2onvHfspEnGgqyOyhXsKRjtAkENRlkhLNRwYwkcz8FZEBlphoE1vOhPC5KfofGuWSa/jcpHECs8rCLuShCC4cQRXOoAZ1IHANd/AAj9aNdW89Wc+z1oz1MbMN38p6eQepoZkB</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="DRwYyuAibEMFCOm/HAmGgkE8tFo=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFqJuSqQVdFt24rGAv0BlLJs20oZlkSDJCGQpufBU3LhRx60u4821ML4LXA4GP/z8nyfnDhDNtEHp3cguLS8sr+dXC2vrG5pa7vdPUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofnE791Q5VmUlyZUUKDGPcFixjBxkpddy/zrW2grwbyOiuho7FFLPqcjrtuEZWPEapWqvA3eGU0rSKYV73rvvk9SdKYCkM41rrjocQEGVaGEXtfwU81TTAZ4j7tWBQ4pjrIpjuM4aFVejCSyh5h4FT9OpHhWOtRHNrOGJuB/ulNxL+8Tmqi0yBjIkkNFWT2UJRyaCScBAJ7TFFi+MgCJorZv0IywAoTY2Mr2BA+N4X/Q7NS9ixfomLtbB5HHuyDA1ACHjgBNXAB6qABCLgF9+ARPDl3zoPz7LzMWnPOfGYXfCvn9QOXIpd4</latexit>

|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

H
<latexit sha1_base64="f00bHJsRyEhTg/O4E50YSInus5Q=">AAAB8nicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTddVrAXmA4lk2ba0EwyJBmhDAVfwo0LRdz6Hu7d+TZm2i609YfAx3/OIf85UcqZNp737aysrq1vbJa23O2d3b398sFhS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa3Rb19gNVmklxb8YpDRM8ECxmBBtrBd0EmyHBPK9PeuWKV/WmQsvgz6Fy/elePQJAo1f+6vYlyRIqDOFY68D3UhPmWBlGOJ243UzTFJMRHtDAosAJ1WE+jTxBp9bpo1gq+4RBU/f3RI4TrcdJZDuLiHqxVpj/1YLMxJdhzkSaGSrI7KM448hIVOyP+kxRYvjYAiaK2ayIDLHCxNgrufYI/uLKy9A6r/qW77xK7QZmKsExnMAZ+HABNahDA5pAQMITvMCrY5xn5815n7WuOPOZI/gj5+MH6OuTJw==</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="xMvZpWkaumMdvdofP2TM6Moon/k=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclcSNLotuuqxgH5CGMplO2qGTSZi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXOfeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk2Sa8Q5LZKL7ITVcCsU7KFDyfqo5jUPJe+H0vvB7T1wbkahHnKU8iOlYiUgwilbyBzHFCaMyb82HtbrbcBcg68QrSR1KtIe1r8EoYVnMFTJJjfE9N8UgpxoFk3xeHWSGp5RN6Zj7lioacxPki8hzcmmVEYkSbZ9CslB/b+Q0NmYWh3ayiGhWvUL8z/MzjG6DXKg0Q67Y8qMokwQTUtxPRkJzhnJmCWVa2KyETaimDG1LVVuCt3ryOuleNzzLH9x6866sowLncAFX4MENNKEFbegAgwSe4RXeHHRenHfnYzm64ZQ7Z/AHzucPebORWg==</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|⇢i
<latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit>

|⇡⇡i
<latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit>

..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

M. G. Krein, J. Friedel, P. Llyod

+
g(E, ✏) =

X

n

✓✏(E � En)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�g(E, ✏)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E) = 2⇡
d

dE
�g(E, ✏)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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0 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



A SIMPLE TRICK
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E. Beth and G. Uhlenbeck,  
 Physica (Amsterdam) 4, 915 (1937).



aS = 0.038 m�3
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(aP ⇥ q3)

�A⇡⇡
<latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit><latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit><latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit><latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit>

A⇢(M)
<latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit><latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit><latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit><latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit>
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(⇡⇡)P11
<latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit><latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit><latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit><latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit>

A⇢
<latexit sha1_base64="hbjAMomcEOd8HBURhiNSuqAwpqI=">AAAB7XicbZC7TgMxEEXH4RXCK0BJYxGQqKJdGigDNJRBIg8pWUVex5uYeO2V7UWKVvkHGgoQouUPqPkGOj6EHudRQMKVLB3dmZFnbpgIbqznfaHc0vLK6lp+vbCxubW9U9zdqxuVaspqVAmlmyExTHDJapZbwZqJZiQOBWuEg6txvXHPtOFK3tphwoKY9CSPOCXWWfWLTlv3VadY8sreRHgR/BmUKkff7x8AUO0UP9tdRdOYSUsFMable4kNMqItp4KNCu3UsITQAemxlkNJYmaCbLLtCB87p4sjpd2TFk/c3xMZiY0ZxqHrjIntm/na2Pyv1kptdB5kXCapZZJOP4pSga3C49Nxl2tGrRg6IFRztyumfaIJtS6gggvBnz95EeqnZd/xjUvjEqbKwwEcwgn4cAYVuIYq1IDCHTzAEzwjhR7RC3qdtubQbGYf/gi9/QAoBJHG</latexit><latexit sha1_base64="of6/gfzLvCEtpDDSgjcrzXQDUuo=">AAAB7XicbZA7TgMxEIZnwyskPAKUNBYBiSrapQllgIYySOQhJavI63gTE6+9sr2RolXuQEMBQrTcgAtwAzoOAjXOo4CEX7L06Z8ZeeYPYs60cd1PJ7Oyura+kd3M5be2d3YLe/t1LRNFaI1ILlUzwJpyJmjNMMNpM1YURwGnjWBwNak3hlRpJsWtGcXUj3BPsJARbKxVv+i0VV92CkW35E6FlsGbQ7Fy/PX2Psx/VzuFj3ZXkiSiwhCOtW55bmz8FCvDCKfjXDvRNMZkgHu0ZVHgiGo/nW47RifW6aJQKvuEQVP390SKI61HUWA7I2z6erE2Mf+rtRITnvspE3FiqCCzj8KEIyPR5HTUZYoSw0cWMFHM7opIHytMjA0oZ0PwFk9ehvpZybN8Y9O4hJmycAhHcAoelKEC11CFGhC4g3t4hCdHOg/Os/Mya80485kD+CPn9QcgpJNA</latexit><latexit sha1_base64="of6/gfzLvCEtpDDSgjcrzXQDUuo=">AAAB7XicbZA7TgMxEIZnwyskPAKUNBYBiSrapQllgIYySOQhJavI63gTE6+9sr2RolXuQEMBQrTcgAtwAzoOAjXOo4CEX7L06Z8ZeeYPYs60cd1PJ7Oyura+kd3M5be2d3YLe/t1LRNFaI1ILlUzwJpyJmjNMMNpM1YURwGnjWBwNak3hlRpJsWtGcXUj3BPsJARbKxVv+i0VV92CkW35E6FlsGbQ7Fy/PX2Psx/VzuFj3ZXkiSiwhCOtW55bmz8FCvDCKfjXDvRNMZkgHu0ZVHgiGo/nW47RifW6aJQKvuEQVP390SKI61HUWA7I2z6erE2Mf+rtRITnvspE3FiqCCzj8KEIyPR5HTUZYoSw0cWMFHM7opIHytMjA0oZ0PwFk9ehvpZybN8Y9O4hJmycAhHcAoelKEC11CFGhC4g3t4hCdHOg/Os/Mya80485kD+CPn9QcgpJNA</latexit><latexit sha1_base64="apOBadpOu+iwjFXsxZwv6R8OLI8=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2veix6sVjBfsB7VKy6bSNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjRLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmkalmmGDKaF0O6IGBZfYsNwKbCcaaRwJbEXj21m99YTacCUf7CTBMKZDyQecUeus5nWvq0eqV674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsKMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzf+5XaTR5HEU7gFM4hgEuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4AXZSO9w==</latexit>

�A⇡⇡
<latexit sha1_base64="W7NQA0T6a/PgJzZsnUHkSPFO100=">AAAB+nicbZC7TsMwFIZPyq2UWwoSC4tFhcRUJSwwlsvA2Er0IjVRcFynteo4ke2AqtBHYWEAIVaehI2FZ8FtGaDlyJY+/f858vEfppwp7TifVmFpeWV1rbhe2tjc2t6xy7stlWSS0CZJeCI7IVaUM0GbmmlOO6mkOA45bYfDy4nfvqNSsUTc6FFK/Rj3BYsYwdpIgV32rijXGJ0HuZcyc8aBXXGqzrTQIrg/UKntN75uAaAe2B9eLyFZTIUmHCvVdZ1U+zmWmhFOxyUvUzTFZIj7tGtQ4JgqP5+uPkZHRumhKJHmCo2m6u+JHMdKjeLQdMZYD9S8NxH/87qZjs78nIk001SQ2UNRxpFO0CQH1GOSEs1HBjCRzOyKyABLTLRJq2RCcOe/vAitk6pruGHSuIBZFeEADuEYXDiFGlxDHZpA4B4e4RlerAfryXq13matBetnZg/+lPX+DWvJlZ4=</latexit><latexit sha1_base64="1WvLV3AsEFWwFxbrcH9kk/hVQ5c=">AAAB+nicbZC7TsMwFIYdrqXcUpBYWCwqJKYqYYGxFAbGVqIXqakixz1prTpOZDugKvRRWBhACLHxCDwBGwvPgnsZoOXIlj79/zny8R8knCntOF/W0vLK6tp6biO/ubW9s2sX9hoqTiWFOo15LFsBUcCZgLpmmkMrkUCigEMzGFyO/eYtSMVicaOHCXQi0hMsZJRoI/l2wbsCrgm+8DMvYeaMfLvolJxJ4UVwZ1AsH9S+2Vvlo+rbn143pmkEQlNOlGq7TqI7GZGaUQ6jvJcqSAgdkB60DQoSgepkk9VH+NgoXRzG0lyh8UT9PZGRSKlhFJjOiOi+mvfG4n9eO9XheSdjIkk1CDp9KEw51jEe54C7TALVfGiAUMnMrpj2iSRUm7TyJgR3/suL0DgtuYZrJo0KmlYOHaIjdIJcdIbK6BpVUR1RdIce0BN6tu6tR+vFep22LlmzmX30p6z3H70Kl1o=</latexit><latexit sha1_base64="1WvLV3AsEFWwFxbrcH9kk/hVQ5c=">AAAB+nicbZC7TsMwFIYdrqXcUpBYWCwqJKYqYYGxFAbGVqIXqakixz1prTpOZDugKvRRWBhACLHxCDwBGwvPgnsZoOXIlj79/zny8R8knCntOF/W0vLK6tp6biO/ubW9s2sX9hoqTiWFOo15LFsBUcCZgLpmmkMrkUCigEMzGFyO/eYtSMVicaOHCXQi0hMsZJRoI/l2wbsCrgm+8DMvYeaMfLvolJxJ4UVwZ1AsH9S+2Vvlo+rbn143pmkEQlNOlGq7TqI7GZGaUQ6jvJcqSAgdkB60DQoSgepkk9VH+NgoXRzG0lyh8UT9PZGRSKlhFJjOiOi+mvfG4n9eO9XheSdjIkk1CDp9KEw51jEe54C7TALVfGiAUMnMrpj2iSRUm7TyJgR3/suL0DgtuYZrJo0KmlYOHaIjdIJcdIbK6BpVUR1RdIce0BN6tu6tR+vFep22LlmzmX30p6z3H70Kl1o=</latexit><latexit sha1_base64="ZufT+QyODkBvI4EcQ6Zp/mCK5WA=">AAAB+nicbZC7TsMwFIYdrqXcUhhZLCokpiphgbFcBsYi0YvURpHjnrRWnYvsE1AV+igsDCDEypOw8Ta4bQZoObKlT/9/jnz8B6kUGh3n21pZXVvf2Cxtlbd3dvf27cpBSyeZ4tDkiUxUJ2AapIihiQIldFIFLAoktIPR9dRvP4DSIonvcZyCF7FBLELBGRrJtyu9G5DI6KWf91JhzsS3q07NmRVdBreAKimq4dtfvX7Cswhi5JJp3XWdFL2cKRRcwqTcyzSkjI/YALoGYxaB9vLZ6hN6YpQ+DRNlbox0pv6eyFmk9TgKTGfEcKgXvan4n9fNMLzwchGnGULM5w+FmaSY0GkOtC8UcJRjA4wrYXalfMgU42jSKpsQ3MUvL0PrrOYavnOq9asijhI5IsfklLjknNTJLWmQJuHkkTyTV/JmPVkv1rv1MW9dsYqZQ/KnrM8f3SKTuQ==</latexit>

B = A⇢ +�A⇡⇡
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PHYSICS OF B

contribution from 
correlated pi pi pair

physical interpretation:� = �ImTr ln G�1
�

���

�E

B = 2
@

@E
�

= �2 Im
@

@E
lnG�1

⇢

= �2 Im[G⇢](2E) + 2 Im[
@⌃⇢

@E
G⇢]

= A⇢(E) +�A⇡⇡
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PROTON PUZZLE



N* AND DELTAS

⇡

N

I = 1, j = 0

I = 1/2, j = 1/2

I = 1/2, 3/2

j = | l ± 1/2 |,

P = (�1)l+1

N⇤ �

l = 0, 1, 2, . . .



N* AND DELTAS

• N*: 1535 (S11), 1440 (P11), 1520 (D13) … 
     : 1232 (P33), 1620 (S31) … 

• Repulsive forces between pions and nucleons 

• BQ-correlation: S = -1 hyperons are excluded!

�

Q = Iz +
1

2
(B + S)
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RECIPE

• generalized phase shift
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PHASE SPACE DOMINANCE

• structureless scattering

iM = i�N
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MOMENTUM SPECTRA OF 
DECAY PRODUCTS
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K̄
<latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit>

1 RES. 2 CHANNELS PROBLEM

⇡ ⇡ ⇡

⇡

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

K̄
<latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

K̄
<latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit><latexit sha1_base64="NumhPi6gbXWOI5EwReswTDGNihA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi+Clgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDHret1NaW9/Y3CpvV3Z29/YP3MOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wfDvz209cG5GoR5ykPIjpUIlIMIpWavdCqvP7ad+tejVvDrJK/IJUoUCj7371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+7pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahig3BX355lbQuar5X8x8uq/WbIo4ynMApnIMPV1CHO2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AFfl4+U</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>
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COUPLED-CHANNEL PROBLEM

system

{�1, �2,mres}
<latexit sha1_base64="Up5NVaiqMSgpIrJv2DtSLB/dSIk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCglKYIui25cVrAXaEKYTCft0JlJmJkIJeQJ3Pgqblwo4ta1O9/GaRtBW38Y+PjPOZw5f5gwqrTjfFmltfWNza3ydmVnd2//wD486qo4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTq5n9d49kYrG4k5PE+JzNBI0ohhpYwV2zcugN0Kco8Ct/1CzDnmQeZJDSVQOvTywq07DmQuugltAFRRqB/anN4xxyonQmCGlBq6TaD9DUlPMSF7xUkUShCdoRAYGBeJE+dn8nBzWjDOEUSzNExrO3d8TGeJKTXloOjnSY7Vcm5n/1Qapji79jIok1UTgxaIoZVDHcJYNHFJJsGZTAwhLav4K8RhJhLVJsGJCcJdPXoVus+E6Dff2vNq6KuIogxNwCs6ACy5AC9yANugADB7AE3gBr9aj9Wy9We+L1pJVzByDP7I+vgEu65rt</latexit><latexit sha1_base64="Up5NVaiqMSgpIrJv2DtSLB/dSIk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCglKYIui25cVrAXaEKYTCft0JlJmJkIJeQJ3Pgqblwo4ta1O9/GaRtBW38Y+PjPOZw5f5gwqrTjfFmltfWNza3ydmVnd2//wD486qo4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTq5n9d49kYrG4k5PE+JzNBI0ohhpYwV2zcugN0Kco8Ct/1CzDnmQeZJDSVQOvTywq07DmQuugltAFRRqB/anN4xxyonQmCGlBq6TaD9DUlPMSF7xUkUShCdoRAYGBeJE+dn8nBzWjDOEUSzNExrO3d8TGeJKTXloOjnSY7Vcm5n/1Qapji79jIok1UTgxaIoZVDHcJYNHFJJsGZTAwhLav4K8RhJhLVJsGJCcJdPXoVus+E6Dff2vNq6KuIogxNwCs6ACy5AC9yANugADB7AE3gBr9aj9Wy9We+L1pJVzByDP7I+vgEu65rt</latexit><latexit sha1_base64="Up5NVaiqMSgpIrJv2DtSLB/dSIk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCglKYIui25cVrAXaEKYTCft0JlJmJkIJeQJ3Pgqblwo4ta1O9/GaRtBW38Y+PjPOZw5f5gwqrTjfFmltfWNza3ydmVnd2//wD486qo4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTq5n9d49kYrG4k5PE+JzNBI0ohhpYwV2zcugN0Kco8Ct/1CzDnmQeZJDSVQOvTywq07DmQuugltAFRRqB/anN4xxyonQmCGlBq6TaD9DUlPMSF7xUkUShCdoRAYGBeJE+dn8nBzWjDOEUSzNExrO3d8TGeJKTXloOjnSY7Vcm5n/1Qapji79jIok1UTgxaIoZVDHcJYNHFJJsGZTAwhLav4K8RhJhLVJsGJCcJdPXoVus+E6Dff2vNq6KuIogxNwCs6ACy5AC9yANugADB7AE3gBr9aj9Wy9We+L1pJVzByDP7I+vgEu65rt</latexit><latexit sha1_base64="Up5NVaiqMSgpIrJv2DtSLB/dSIk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCglKYIui25cVrAXaEKYTCft0JlJmJkIJeQJ3Pgqblwo4ta1O9/GaRtBW38Y+PjPOZw5f5gwqrTjfFmltfWNza3ydmVnd2//wD486qo4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTq5n9d49kYrG4k5PE+JzNBI0ohhpYwV2zcugN0Kco8Ct/1CzDnmQeZJDSVQOvTywq07DmQuugltAFRRqB/anN4xxyonQmCGlBq6TaD9DUlPMSF7xUkUShCdoRAYGBeJE+dn8nBzWjDOEUSzNExrO3d8TGeJKTXloOjnSY7Vcm5n/1Qapji79jIok1UTgxaIoZVDHcJYNHFJJsGZTAwhLav4K8RhJhLVJsGJCcJdPXoVus+E6Dff2vNq6KuIogxNwCs6ACy5AC9yANugADB7AE3gBr9aj9Wy9We+L1pJVzByDP7I+vgEu65rt</latexit>

{�1, �2, ⌘}
<latexit sha1_base64="9ymn6SFvIQXKBFf4oJQFxo4Cgpk=">AAACB3icbZDLSgNBEEV7fMb4GnUpSGMQXEiYCYIug25cRjAPyAyhp1NJmvQ86K4RwpCdG3/FjQtF3PoL7vwbO8kImnih4XCriuq6QSKFRsf5spaWV1bX1gsbxc2t7Z1de2+/oeNUcajzWMaqFTANUkRQR4ESWokCFgYSmsHwelJv3oPSIo7ucJSAH7J+JHqCMzRWxz7yMup1QSLruGc/VDEEyKg37tglp+xMRRfBzaFEctU69qfXjXkaQoRcMq3brpOgnzGFgksYF71UQ8L4kPWhbTBiIWg/m94xpifG6dJerMyLkE7d3xMZC7UehYHpDBkO9HxtYv5Xa6fYu/QzESUpQsRni3qppBjTSSi0KxRwlCMDjCth/kr5gCnG0URXNCG48ycvQqNSdp2ye3teql7lcRTIITkmp8QlF6RKbkiN1AknD+SJvJBX69F6tt6s91nrkpXPHJA/sj6+AagUl+I=</latexit><latexit sha1_base64="9ymn6SFvIQXKBFf4oJQFxo4Cgpk=">AAACB3icbZDLSgNBEEV7fMb4GnUpSGMQXEiYCYIug25cRjAPyAyhp1NJmvQ86K4RwpCdG3/FjQtF3PoL7vwbO8kImnih4XCriuq6QSKFRsf5spaWV1bX1gsbxc2t7Z1de2+/oeNUcajzWMaqFTANUkRQR4ESWokCFgYSmsHwelJv3oPSIo7ucJSAH7J+JHqCMzRWxz7yMup1QSLruGc/VDEEyKg37tglp+xMRRfBzaFEctU69qfXjXkaQoRcMq3brpOgnzGFgksYF71UQ8L4kPWhbTBiIWg/m94xpifG6dJerMyLkE7d3xMZC7UehYHpDBkO9HxtYv5Xa6fYu/QzESUpQsRni3qppBjTSSi0KxRwlCMDjCth/kr5gCnG0URXNCG48ycvQqNSdp2ye3teql7lcRTIITkmp8QlF6RKbkiN1AknD+SJvJBX69F6tt6s91nrkpXPHJA/sj6+AagUl+I=</latexit><latexit sha1_base64="9ymn6SFvIQXKBFf4oJQFxo4Cgpk=">AAACB3icbZDLSgNBEEV7fMb4GnUpSGMQXEiYCYIug25cRjAPyAyhp1NJmvQ86K4RwpCdG3/FjQtF3PoL7vwbO8kImnih4XCriuq6QSKFRsf5spaWV1bX1gsbxc2t7Z1de2+/oeNUcajzWMaqFTANUkRQR4ESWokCFgYSmsHwelJv3oPSIo7ucJSAH7J+JHqCMzRWxz7yMup1QSLruGc/VDEEyKg37tglp+xMRRfBzaFEctU69qfXjXkaQoRcMq3brpOgnzGFgksYF71UQ8L4kPWhbTBiIWg/m94xpifG6dJerMyLkE7d3xMZC7UehYHpDBkO9HxtYv5Xa6fYu/QzESUpQsRni3qppBjTSSi0KxRwlCMDjCth/kr5gCnG0URXNCG48ycvQqNSdp2ye3teql7lcRTIITkmp8QlF6RKbkiN1AknD+SJvJBX69F6tt6s91nrkpXPHJA/sj6+AagUl+I=</latexit><latexit sha1_base64="9ymn6SFvIQXKBFf4oJQFxo4Cgpk=">AAACB3icbZDLSgNBEEV7fMb4GnUpSGMQXEiYCYIug25cRjAPyAyhp1NJmvQ86K4RwpCdG3/FjQtF3PoL7vwbO8kImnih4XCriuq6QSKFRsf5spaWV1bX1gsbxc2t7Z1de2+/oeNUcajzWMaqFTANUkRQR4ESWokCFgYSmsHwelJv3oPSIo7ucJSAH7J+JHqCMzRWxz7yMup1QSLruGc/VDEEyKg37tglp+xMRRfBzaFEctU69qfXjXkaQoRcMq3brpOgnzGFgksYF71UQ8L4kPWhbTBiIWg/m94xpifG6dJerMyLkE7d3xMZC7UehYHpDBkO9HxtYv5Xa6fYu/QzESUpQsRni3qppBjTSSi0KxRwlCMDjCth/kr5gCnG0URXNCG48ycvQqNSdp2ye3teql7lcRTIITkmp8QlF6RKbkiN1AknD+SJvJBX69F6tt6s91nrkpXPHJA/sj6+AagUl+I=</latexit>

⇡⌘ !
✓

⇡⌘
KK̄

◆
! ⇡⌘

<latexit sha1_base64="dUKtmilq437I58l6jo33/9lysJM="></latexit><latexit sha1_base64="dUKtmilq437I58l6jo33/9lysJM="></latexit><latexit sha1_base64="dUKtmilq437I58l6jo33/9lysJM="></latexit><latexit sha1_base64="dUKtmilq437I58l6jo33/9lysJM="></latexit>

KK̄ !
✓

⇡⌘
KK̄

◆
! KK̄

<latexit sha1_base64="9NQ27+MsiDgJy8a+UcYRFSpwOOE="></latexit><latexit sha1_base64="9NQ27+MsiDgJy8a+UcYRFSpwOOE="></latexit><latexit sha1_base64="9NQ27+MsiDgJy8a+UcYRFSpwOOE="></latexit><latexit sha1_base64="9NQ27+MsiDgJy8a+UcYRFSpwOOE="></latexit>

a0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>



WIGNER, EISENBUD, SMITH, …

Sd =

✓
e2i�res(s) 0

0 1

◆
,

U =

✓
cos ✓ sin ✓
� sin ✓ cos ✓

◆
.

<latexit sha1_base64="52ofkfczDWSZiuuIHL/by/7Mj/o="></latexit><latexit sha1_base64="52ofkfczDWSZiuuIHL/by/7Mj/o="></latexit><latexit sha1_base64="52ofkfczDWSZiuuIHL/by/7Mj/o="></latexit><latexit sha1_base64="52ofkfczDWSZiuuIHL/by/7Mj/o="></latexit>

S ! U†SdU
<latexit sha1_base64="FI58sNs2zSZU3kl1snR4DEKYdus=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQY9FLx4rNW2hiWGz2aRLN7thd6OU0KMX/4oXD4p49Sd489+YtD1o64OBx3szzMwLUkaVtqxvo7K0vLK6Vl2vbWxube+Yu3sdJTKJiYMFE7IXIEUY5cTRVDPSSyVBScBINxhelX73nkhFBb/Vo5R4CYo5jShGupB88xC2oStpPNBISvEAnTs3RHFMJGz7IXRqvlm3GtYEcJHYM1IHM7R888sNBc4SwjVmSKm+baXay5HUFDMyrrmZIinCQxSTfkE5Sojy8skjY3hcKCGMhCyKazhRf0/kKFFqlARFZ4L0QM17pfif1890dOHllKeZJhxPF0UZg1rAMhUYUkmwZqOCICxpcSvEAyQR1kV2ZQj2/MuLpHPasK2GfXNWb17O4qiCA3AEToANzkETXIMWcAAGj+AZvII348l4Md6Nj2lrxZjN7IM/MD5/AJfMmGc=</latexit><latexit sha1_base64="FI58sNs2zSZU3kl1snR4DEKYdus=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQY9FLx4rNW2hiWGz2aRLN7thd6OU0KMX/4oXD4p49Sd489+YtD1o64OBx3szzMwLUkaVtqxvo7K0vLK6Vl2vbWxube+Yu3sdJTKJiYMFE7IXIEUY5cTRVDPSSyVBScBINxhelX73nkhFBb/Vo5R4CYo5jShGupB88xC2oStpPNBISvEAnTs3RHFMJGz7IXRqvlm3GtYEcJHYM1IHM7R888sNBc4SwjVmSKm+baXay5HUFDMyrrmZIinCQxSTfkE5Sojy8skjY3hcKCGMhCyKazhRf0/kKFFqlARFZ4L0QM17pfif1890dOHllKeZJhxPF0UZg1rAMhUYUkmwZqOCICxpcSvEAyQR1kV2ZQj2/MuLpHPasK2GfXNWb17O4qiCA3AEToANzkETXIMWcAAGj+AZvII348l4Md6Nj2lrxZjN7IM/MD5/AJfMmGc=</latexit><latexit sha1_base64="FI58sNs2zSZU3kl1snR4DEKYdus=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQY9FLx4rNW2hiWGz2aRLN7thd6OU0KMX/4oXD4p49Sd489+YtD1o64OBx3szzMwLUkaVtqxvo7K0vLK6Vl2vbWxube+Yu3sdJTKJiYMFE7IXIEUY5cTRVDPSSyVBScBINxhelX73nkhFBb/Vo5R4CYo5jShGupB88xC2oStpPNBISvEAnTs3RHFMJGz7IXRqvlm3GtYEcJHYM1IHM7R888sNBc4SwjVmSKm+baXay5HUFDMyrrmZIinCQxSTfkE5Sojy8skjY3hcKCGMhCyKazhRf0/kKFFqlARFZ4L0QM17pfif1890dOHllKeZJhxPF0UZg1rAMhUYUkmwZqOCICxpcSvEAyQR1kV2ZQj2/MuLpHPasK2GfXNWb17O4qiCA3AEToANzkETXIMWcAAGj+AZvII348l4Md6Nj2lrxZjN7IM/MD5/AJfMmGc=</latexit><latexit sha1_base64="FI58sNs2zSZU3kl1snR4DEKYdus=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQY9FLx4rNW2hiWGz2aRLN7thd6OU0KMX/4oXD4p49Sd489+YtD1o64OBx3szzMwLUkaVtqxvo7K0vLK6Vl2vbWxube+Yu3sdJTKJiYMFE7IXIEUY5cTRVDPSSyVBScBINxhelX73nkhFBb/Vo5R4CYo5jShGupB88xC2oStpPNBISvEAnTs3RHFMJGz7IXRqvlm3GtYEcJHYM1IHM7R888sNBc4SwjVmSKm+baXay5HUFDMyrrmZIinCQxSTfkE5Sojy8skjY3hcKCGMhCyKazhRf0/kKFFqlARFZ4L0QM17pfif1890dOHllKeZJhxPF0UZg1rAMhUYUkmwZqOCICxpcSvEAyQR1kV2ZQj2/MuLpHPasK2GfXNWb17O4qiCA3AEToANzkETXIMWcAAGj+AZvII348l4Md6Nj2lrxZjN7IM/MD5/AJfMmGc=</latexit>

BRa = cos2 ✓ =
g2a �a

g2a �a + g2b �b
,

BRb = sin2 ✓ =
g2b �b

g2a �a + g2b �b
.

<latexit sha1_base64="ObZc7KOmnXYGgyND0FcJu+JwwPE="></latexit><latexit sha1_base64="ObZc7KOmnXYGgyND0FcJu+JwwPE="></latexit><latexit sha1_base64="ObZc7KOmnXYGgyND0FcJu+JwwPE="></latexit><latexit sha1_base64="ObZc7KOmnXYGgyND0FcJu+JwwPE="></latexit>
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BRa
<latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit><latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit><latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit><latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit>

BRb
<latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit><latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit><latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit><latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit>
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BRa
<latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit><latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit><latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit><latexit sha1_base64="uJBhszUoDDNJhoMhJGs5ZMQj9P0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2sf9csWv+nOgVRLkpAI5Gv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5hdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhxmTSWqpJItFccqRVWj2PhowTYnlE0cw0czdisgIa0ysC6nkQgiWX14lrYtq4FeDu8tKrZ7HUYQTOIVzCOAKanALDWgCAQnP8ApvnvFevHfvY9Fa8PKZY/gD7/MHFwCQhQ==</latexit>

BRb
<latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit><latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit><latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit><latexit sha1_base64="5uYl3yM+guGcOQHgIX8LRgysdjk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMcQLx6jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyc9Zj0tUP1+2o/65Ypf9edAqyTISQVyNPrlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+DjMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfVwK8Gd5eVWj2PowgncArnEMAV1OAWGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucPGISQhg==</latexit>
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PHASE SHIFT FROM PWA



STRANGENESS CONTENT IN A 
HADRON GAS

• K-N system requires a coupled channel analysis

|K̄Ni, |⇡⌃i, |⇡⇤i, |⌘⇤i, . . . 16 basis states

recipe to extract 
eigenphases from PWA

Q(M) ⌘ 1

2
Im (tr ln S)

=
1

2
Im (ln det [S])

= �K̄N + �⇡⌃ + �⇡⇤ + . . .
<latexit sha1_base64="CzPPephtYzRsXiDdlUIBZ1/7LKE="></latexit><latexit sha1_base64="CzPPephtYzRsXiDdlUIBZ1/7LKE="></latexit><latexit sha1_base64="CzPPephtYzRsXiDdlUIBZ1/7LKE="></latexit><latexit sha1_base64="CzPPephtYzRsXiDdlUIBZ1/7LKE="></latexit>
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S=-1 Hyperon



⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

N
<latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit>

N̄
<latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit>

T ⇠ 100MeV
<latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit>

HEATING UP THE QCD VACUUM
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|S| =
2, 3

g.s.

I = 0
<latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit>

I = 1
<latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit>



⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

N
<latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit><latexit sha1_base64="dR0jVJn9HHQVgLG7DOznrREi5qY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWergj/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6rlV7/6yUr/O4yjCCZzCOXhQgzrcQgOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD/xDjPw=</latexit>

N̄
<latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit><latexit sha1_base64="oHnafm5Ytya8Q/bC3smhj3WyR9Y=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRiyepYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rblZ3dvf0D9/CoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV2r2Q6vx+2nerXs2bg6wSvyBVKNDou1+9QcKymCtkkhrT9b0Ug5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DrIhUoz5IotFkWZJJiQ2e9kIDRnKCeWUKaFvZWwEdWUoU2oYkPwl19eJa2Lmu/V/IfLav2miKMMJ3AK5+DDFdThDhrQBAZjeIZXeHNS58V5dz4WrSWnmDmGP3A+fwBkJo+X</latexit>

T ⇠ 100MeV
<latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit><latexit sha1_base64="JZwGwcRPPntuMP5ySvaj93++VOA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4EJKRgRdFt24ESr0BZ2hZNJMG5pkhiQjlGE2/oobF4q49TPc+Tem7Sy09cCFwzn3cu89YcKZNgh9O6WV1bX1jfJmZWt7Z3fP3T9o6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb6d+55EqzWLZNJOEBgIPJYsYwcZKffeoCX3NBPQQgv45zHwl4D1t5323impoBrhMvIJUQYFG3/3yBzFJBZWGcKx1z0OJCTKsDCOc5hU/1TTBZIyHtGepxILqIJs9kMNTqwxgFCtb0sCZ+nsiw0LriQhtp8BmpBe9qfif10tNdB1kTCapoZLMF0UphyaG0zTggClKDJ9Ygoli9lZIRlhhYmxmFRuCt/jyMmlf1DxU8x4uq/WbIo4yOAYn4Ax44ArUwR1ogBYgIAfP4BW8OU/Oi/PufMxbS04xcwj+wPn8AZ6NlH4=</latexit>

HEATING UP THE QCD VACUUM
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⇤,⌃

|S| =
2, 3

g.s.

I = 0
<latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit><latexit sha1_base64="9xIxqxbpnqoCE19qo6GR6CiF5MI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkiri9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fOwmNog==</latexit>

I = 1
<latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit><latexit sha1_base64="1nsOMjd1/Mm+d5NJSLHieqkEEsk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9KK3CsYW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Syura+kZ5s7K1vbO7V90/eNRJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upn6rSdUmifywYxTDGI6kDzijBor+Xfkini9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0GeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/qnlv37s9rjesijjIcwTGcggcX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fPI2Now==</latexit>
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<latexit sha1_base64="JJGnCF4WzUkwS+l/VLzy0nFbaO0="></latexit><latexit sha1_base64="zk3Y+2HLCHW6Y4G8qmsVWoyBQ38="></latexit><latexit sha1_base64="zk3Y+2HLCHW6Y4G8qmsVWoyBQ38="></latexit><latexit sha1_base64="u4zG1HDyBuTvBhs/17c7sHbKbm0=">AAACfnicpZG7TsMwFIadcCvlVmBkMVQgREVIWOhYwcJYJHqRmlI5rpNYtZ3IdpCqKI/Bi7HxLCy4aQdoYeJIlj79//GxzzlByqjSrvth2WvrG5tble3qzu7e/kHt8Kirkkxi0sEJS2Q/QIowKkhHU81IP5UE8YCRXjB5mPm9VyIVTcSznqZkyFEkaEgx0kYa1d78UCKc+wyJiBGYQl+WNMp9yaGOnQI24B8uFdopXkpUHBmGxb8LxTIyZUa1uuu4ZcBV8BZQB4toj2rv/jjBGSdCY4aUGnhuqoc5kppiRoqqnymSIjxBERkYFIgTNczL8RXw3ChjGCbSHKFhqX6/kSOu1JQHJtO0Gatlbyb+5g0yHTaHORVpponA84fCjEGdwNku4JhKgjWbGkBYUvNXiGNk9qHNxqpmCN5yy6vQvXU8w09uvXW/GEcFnIAzcAk8cAda4BG0QQdg8GmdWldWwwb2hX1t38xTbWtx5xj8CLv5BfENwSM=</latexit>

???



WHAT’S DONE…

• thermal abundances of channels:  

• momentum spectra of decay products 

• PWA x S-matrix 

• 3- and 4-body S-matrix (nuclear matter)

⇡⇡,⇡K,⇡N, hyperon, NN
<latexit sha1_base64="dkrTnJj6S6xUfhYYFYg4K2G4AxA=">AAACEnicbVDLSgMxFL1TX7W+qi51ESyCQikzbnRZdCMIpQX7gE4pmTTThmYyQ5IRytBvcOOvCOJCEbeu3LnzU8y0XWjrgZsczr2H5B4v4kxp2/6yMkvLK6tr2fXcxubW9k5+d6+hwlgSWichD2XLw4pyJmhdM81pK5IUBx6nTW94lfabd1QqFopbPYpoJ8B9wXxGsDZSN3/qRgyZKqYHuplelSJKXBmggTHIUIyLqIIq3XzBLtkToEXizEihfPhU+waAajf/6fZCEgdUaMKxUm3HjnQnwVIzwuk458aKRpgMcZ+2DRU4oKqTTFYao2Oj9JAfSlNCo4n625HgQKlR4JnJAOuBmu+l4n+9dqz9i07CRBRrKsj0IT/mSIcozQf1mKRE85EhmEhm/orIAEtMtEkxZ0Jw5ldeJI2zkmN4zaRxCVNk4QCO4AQcOIcyXEMV6kDgHh7hBV6tB+vZerPep6MZa+bZhz+wPn4AVzqdlw==</latexit><latexit sha1_base64="X5WXNAKgrMJBxKBSokQfGgQKi08=">AAACEnicbVDLSgMxFM3UV62vUZeKBIugUMqMG10W3QhCacE+oDOUTJppQzOZIckIZejStRt/RSguFHHryp3f4E+Y6XSh1QM3OZx7D8k9XsSoVJb1aeQWFpeWV/KrhbX1jc0tc3unKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJn2W7dESBryGzWKiBugPqc+xUhpqWueOBGFukrpAa+zq1qCiSMCONAGEfJxCVZhtWsWrbI1BfxL7BkpVvYn9a+7g0mta344vRDHAeEKMyRlx7Yi5SZIKIoZGRecWJII4SHqk46mHAVEusl0pTE80koP+qHQxRWcqj8dCQqkHAWengyQGsj5Xir+1+vEyj93E8qjWBGOs4f8mEEVwjQf2KOCYMVGmiAsqP4rxAMkEFY6xYIOwZ5f+S9pnpZtzes6jQuQIQ/2wCE4BjY4AxVwBWqgATC4B4/gGbwYD8aT8Wq8ZaM5Y+bZBb9gvH8DNX+e/Q==</latexit><latexit sha1_base64="X5WXNAKgrMJBxKBSokQfGgQKi08=">AAACEnicbVDLSgMxFM3UV62vUZeKBIugUMqMG10W3QhCacE+oDOUTJppQzOZIckIZejStRt/RSguFHHryp3f4E+Y6XSh1QM3OZx7D8k9XsSoVJb1aeQWFpeWV/KrhbX1jc0tc3unKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJn2W7dESBryGzWKiBugPqc+xUhpqWueOBGFukrpAa+zq1qCiSMCONAGEfJxCVZhtWsWrbI1BfxL7BkpVvYn9a+7g0mta344vRDHAeEKMyRlx7Yi5SZIKIoZGRecWJII4SHqk46mHAVEusl0pTE80koP+qHQxRWcqj8dCQqkHAWengyQGsj5Xir+1+vEyj93E8qjWBGOs4f8mEEVwjQf2KOCYMVGmiAsqP4rxAMkEFY6xYIOwZ5f+S9pnpZtzes6jQuQIQ/2wCE4BjY4AxVwBWqgATC4B4/gGbwYD8aT8Wq8ZaM5Y+bZBb9gvH8DNX+e/Q==</latexit><latexit sha1_base64="9oMcBG8f1J4k0ozwOAL8j6XpZlU=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQKGXGjS6LbgShVLAP6Awlk6ZtaB5DkhHK0G9w46+4caGIW1fu/Bsz7Sy09cBNDufeQ3JPFDOqjed9O4WV1bX1jeJmaWt7Z3fP3T9oaZkoTJpYMqk6EdKEUUGahhpGOrEiiEeMtKPxddZvPxClqRT3ZhKTkKOhoAOKkbFSzz0LYgptVbID3s6vegWmgeJwZA1KimkF1mG955a9qjcDXCZ+TsogR6PnfgV9iRNOhMEMad31vdiEKVKGYkampSDRJEZ4jIaka6lAnOgwna00hSdW6cOBVLaEgTP1tyNFXOsJj+wkR2akF3uZ+F+vm5jBZZhSESeGCDx/aJAwaCTM8oF9qgg2bGIJworav0I8QgphY1Ms2RD8xZWXSeu86lt+55VrV3kcRXAEjsEp8MEFqIEb0ABNgMEjeAav4M15cl6cd+djPlpwcs8h+APn8wdHQJtS</latexit>

Q(M) ⌘ 1

2
Im (tr ln S)

<latexit sha1_base64="KsbISd48aM7NfxlFNfxiUOEgpfU="></latexit><latexit sha1_base64="KsbISd48aM7NfxlFNfxiUOEgpfU="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="V8vTvreuTGpJOKU4K954eKYtv4Q="></latexit><latexit sha1_base64="V8vTvreuTGpJOKU4K954eKYtv4Q="></latexit><latexit sha1_base64="xubKAbWmxQVtTPK86Wz4UTouEwk="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit><latexit sha1_base64="jw03WoNZGk973fiDy7DVX9fgxU8="></latexit>



ON-GOING PROJECTS

• impact of pipiN on thermodynamics 

• lifetimes of unstable states / exotics  
in a thermal system 

• S-matrix interpretation of in-medium effect 

• N-body forces



FLUCTUATIONS

• studying the system  
by linear response

µB µS

µQ mq

�B,S,... =
1

�V

@2

@µ̄B@µ̄S ...
lnZ

µ = µBB + µQQ+ µSS
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shown in Fig. 16. We note that the Breit-Wigner couplings
gR show good agreement between the two different quark
masses, as has been suggested in unitarized versions of
chiral perturbation theory [42]. The apparent difference in
the pole residue coupling, cππ, is completely explicable in
terms of the P-wave barrier—since the t-matrix near
threshold must behave like tðsÞ ∼ k2, we may consider
cππ ¼ ~cππkðs0Þ where kðs0Þ is the cm-frame momentum at
the pole position. It follows that

!!!!
c391ππ

c236ππ

!!!! ¼ 0.56ð2Þ

¼
!!!!
~c391ππ

~c236ππ

!!!!

!!!!
k391

k236

!!!!

¼
!!!!
~c391ππ

~c236ππ

!!!!

!!!!
173 − 7.7i
312 − 26.6i

!!!!

¼
!!!!
~c391ππ

~c236ππ

!!!!0.552;

and thus j~c391ππ j ≈ j~c236ππ j.

V. SUMMARY

The ρ resonance was extracted using a detailed spectrum
of lattice QCD energy levels working in a ð∼4 fmÞ3 cubic
volume with a pion mass of 236 MeV. Using the variational
method and a large diverse basis of operators, energy levels
were obtained in the elastic ππ scattering region and the
near-threshold coupled-channel ππ − KK̄ energy region,
and these were used to constrain the I ¼ 1, JP ¼ 1− and
JP ¼ 3− scattering amplitudes. By making use of the
formalism relating the elastic and coupled-channel scatter-
ing amplitudes to the spectrum of eigenstates in a finite
volume, we were able to extract phase shifts and inelasticity
for the coupled ππ − KK̄ system. The elastic region was
found to feature a narrow resonance, which persists when

the coupled KK̄ channel is also considered. A range of
t-matrix parametrizations lead to consistent resonance
parameters in the sense of a pole in the complex energy
plane. Using the Ω baryon to set the scale, this pole is
located at

ffiffiffi
s

p
ρ ¼ ð783ð2Þ − i

2 90ð8ÞÞ MeV. A simple Breit-
Wigner description of the elastic amplitude works well and
gives a coupling that is consistent with the value deter-
mined at a larger pion mass and that is extracted from
experimental data.
In a coupled-channel analysis we found the ππ − KK̄

system to be only weakly coupled for the range of energies
we considered, and only small phase shifts were observed
in the KK̄ channel. This is only the second example of the
extraction of a coupled-channel scattering matrix from
lattice QCD, following the earlier study of πK, ηK
[15,16]. This first exploratory study above KK̄ threshold
neglected three- and four-hadron contributions that have
been observed to be suppressed in experimental studies.
Progress in the development of a finite-volume formalism
capable of dealing with these higher-multiplicity channels
is ongoing [17,19,20].
The consistency and broad applicability of these meth-

ods to extract resonance properties from lattice QCD is now
being demonstrated with successful applications at multiple
pion masses in various quantum numbers. Future studies
will aim to shed light on long-standing mysteries such as
the a0ð980Þ, f0ð980Þ resonances, and investigate excited
hadron states with exotic quantum numbers.
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FIG. 16 (color online). Elastic P-wave ππ isospin ¼ 1 phase
shifts for pions of mass ∼391 MeV (blue) and ∼236 MeV (red).
Curves correspond to two parameter Breit-Wigner fits as
described in the text and summarized in Table V.
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deuteron physics?

R. A. Briceno, J. J. Dudek and R. D. Young, arXiv:1706.06223 [hep-lat]. 



OMEGA TO 3 PI: GSW

⇡ ⇡

⇡

⇢
<latexit sha1_base64="o4QOwL2XDYFkLlAirFf/rcCCYm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN83S/Qi7G6GU/gUvHlS8+ou8+W/ctDlo9cHA470ZZubFGWfG+v6XV1lZXVvfqG7WtrZ3dvfq+wcPRuWa0JAornQ3xoZyJmlomeW0m2mKRcxpJx7fFH7nkWrDlLy3k4xGAo8kSxjBtpD6OlWDesNv+nOgvyQoSQNKtAf1z/5QkVxQaQnHxvQCP7PRFGvLCKezWj83NMNkjEe056jEgppoOr91hk6cMkSJ0q6kRXP158QUC2MmInadAtvULHuF+J/Xy21yGU2ZzHJLJVksSnKOrELF42jINCWWTxzBRDN3KyIp1phYF0/NhRAsv/yXhGfNq2Zwd95oXZdpVOEIjuEUAriAFtxCG0IgkMITvMCrJ7xn7817X7RWvHLmEH7B+/gGjNOOGw==</latexit><latexit sha1_base64="o4QOwL2XDYFkLlAirFf/rcCCYm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN83S/Qi7G6GU/gUvHlS8+ou8+W/ctDlo9cHA470ZZubFGWfG+v6XV1lZXVvfqG7WtrZ3dvfq+wcPRuWa0JAornQ3xoZyJmlomeW0m2mKRcxpJx7fFH7nkWrDlLy3k4xGAo8kSxjBtpD6OlWDesNv+nOgvyQoSQNKtAf1z/5QkVxQaQnHxvQCP7PRFGvLCKezWj83NMNkjEe056jEgppoOr91hk6cMkSJ0q6kRXP158QUC2MmInadAtvULHuF+J/Xy21yGU2ZzHJLJVksSnKOrELF42jINCWWTxzBRDN3KyIp1phYF0/NhRAsv/yXhGfNq2Zwd95oXZdpVOEIjuEUAriAFtxCG0IgkMITvMCrJ7xn7817X7RWvHLmEH7B+/gGjNOOGw==</latexit><latexit sha1_base64="o4QOwL2XDYFkLlAirFf/rcCCYm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN83S/Qi7G6GU/gUvHlS8+ou8+W/ctDlo9cHA470ZZubFGWfG+v6XV1lZXVvfqG7WtrZ3dvfq+wcPRuWa0JAornQ3xoZyJmlomeW0m2mKRcxpJx7fFH7nkWrDlLy3k4xGAo8kSxjBtpD6OlWDesNv+nOgvyQoSQNKtAf1z/5QkVxQaQnHxvQCP7PRFGvLCKezWj83NMNkjEe056jEgppoOr91hk6cMkSJ0q6kRXP158QUC2MmInadAtvULHuF+J/Xy21yGU2ZzHJLJVksSnKOrELF42jINCWWTxzBRDN3KyIp1phYF0/NhRAsv/yXhGfNq2Zwd95oXZdpVOEIjuEUAriAFtxCG0IgkMITvMCrJ7xn7817X7RWvHLmEH7B+/gGjNOOGw==</latexit><latexit sha1_base64="o4QOwL2XDYFkLlAirFf/rcCCYm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN83S/Qi7G6GU/gUvHlS8+ou8+W/ctDlo9cHA470ZZubFGWfG+v6XV1lZXVvfqG7WtrZ3dvfq+wcPRuWa0JAornQ3xoZyJmlomeW0m2mKRcxpJx7fFH7nkWrDlLy3k4xGAo8kSxjBtpD6OlWDesNv+nOgvyQoSQNKtAf1z/5QkVxQaQnHxvQCP7PRFGvLCKezWj83NMNkjEe056jEgppoOr91hk6cMkSJ0q6kRXP158QUC2MmInadAtvULHuF+J/Xy21yGU2ZzHJLJVksSnKOrELF42jINCWWTxzBRDN3KyIp1phYF0/NhRAsv/yXhGfNq2Zwd95oXZdpVOEIjuEUAriAFtxCG0IgkMITvMCrJ7xn7817X7RWvHLmEH7B+/gGjNOOGw==</latexit>

⇡

⇡

⇡

⇡
!

<latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit><latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit><latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit><latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit>

!
<latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit><latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit><latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit><latexit sha1_base64="75Ln91kh7qFwVxFh3vziToUFVjY=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrhJ0gHuVql/zZ0DLJChIFQo0epWvbl+RTFBpCcfGdAI/tVGOtWWE00m5mxmaYjLCA9pxVGJBTZTPrp2gU6f0UaK0K2nRTP09kWNhzFjErlNgOzSL3lT8z+tkNrmKcibTzFJJ5ouSjCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUNmFECy+vEzC89p1Lbi/qNZvijRKcAwncAYBXEId7qABIRB4hGd4hTdPeS/eu/cxb13xipkj+APv8wf8lo7v</latexit>

|�!!3⇡|2 = P ⇥ |CV!123|2

P = �1

3
✏µ⌫↵�✏abcdP

µ p⌫1 p
↵
2 P a pb1 p

c
2 g

�d

=
1

12
⇥
�
s12s23s13 �m2

⇡(m
2
res �m2

⇡)
2
�
,

<latexit sha1_base64="ZGr3R49D+Ijve+AdA4OLbh/aUyA="></latexit><latexit sha1_base64="ZGr3R49D+Ijve+AdA4OLbh/aUyA="></latexit><latexit sha1_base64="ZGr3R49D+Ijve+AdA4OLbh/aUyA="></latexit><latexit sha1_base64="ZGr3R49D+Ijve+AdA4OLbh/aUyA="></latexit>

Dalitz info. <=>``3-body phase shift”



JPAC: http://www.indiana.edu/~jpac/

0

20

40

60

80

100

120

140

160

180

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9

Q(
M)
(d
eg
re
e)

M (GeV)

γ
γ x 10

0

20

40

60

80

100

120

140

160

180

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9

(a)

0.001

0.01

0.1

1

10

100

1000

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
M (GeV)

S-matrix B(M)
eBW A(M)

B(M)(γ x 10)
A(M)(γ x 10)

0.001

0.01

0.1

1

10

100

1000

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85

(b)



µ! = 100MeV

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0 0.1 0.2 0.3 0.4 0.5 0.6

dn
/p

Td
p T
dy
(y
=0
)(
Ge
V-

2 f
m-

3 )

pT (GeV)

isotropic
dynamical

S-matrix B(M)
eBW A(M)

B(M)(γ x 10)
A(M)(γ x 10)

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0 0.1 0.2 0.3 0.4 0.5 0.6

(a)

 PML, PRC 97, no. 3, 035210 (2018)



IN-MEDIUM EFFECTS

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡
⌃⇡ =

<latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit><latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit><latexit sha1_base64="agnA5XyexSHBPQrj0Ketk7l2vMs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYWmlA22027dHcTdzeFEvo7vHhQ8eqf8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7uPegkU4T6JOGJakdYU84k9Q0znLZTRbGIOG1Fw+up3xpRpVki7804paHAfcliRrCxUhjcsb7A3SBl6BJ1qzW37s6A/hKvIDUo0OxWP4NeQjJBpSEca93x3NSEOVaGEU4nlSDTNMVkiPu0Y6nEguownx09QUdW6aE4UbakQTP150SOhdZjEdlOgc1AL3pT8T+vk5n4PMyZTDNDJZkvijOOTIKmCaAeU5QYPrYEE8XsrYgMsMLE2JwqNgRv8eW/xD+pX9Td29Na46pIowwHcAjH4MEZNOAGmuADgUd4ghd4dUbOs/PmvM9bS04xsw+/4Hx8AxHGkS0=</latexit>

forward amplitude
A. Schenk NPB 363(1991)

/
Z

d3q

!p !q
nX ⇥ T⇡X(s)

<latexit sha1_base64="YsfnJKH4iTZOB0RncLWMozqddVg="></latexit><latexit sha1_base64="YsfnJKH4iTZOB0RncLWMozqddVg="></latexit><latexit sha1_base64="YsfnJKH4iTZOB0RncLWMozqddVg="></latexit>



ISOBAR MODEL

⇡

N

⇡

⇡ ⇡

N

⇡

�

sequential decay model

⇡

N

⇡

⇢
and / or



TIME DELAY

g.s. g.s.

g.s.

g.s.

⌧ ⇠ 2
d�

dE
Billiard-ball Impact

b

2r0

P. Danielewicz and S. Pratt  
Phys.Rev. C53 (1996) 249-266

S. Leupold 
Nucl.Phys. A695 (2001) 377-394 

Yu. B. Ivanov et al 
Phys.Atom.Nucl.64:652-669,2001



THANK YOU

完


