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Why does meson representation mix for Y=0, I=0 ? 

 Consider correlation function or Mass matrix 

Example in SU(2) case with 1 light 1 strange flavor  
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Chiral transformation of quark bilinears

• Chiral symmetry  SU(3)RXSU(3)L

  5

, ,exp 1     where        a a

R L R Lq i q     

 Broken transformation

 Transformation of Quark bilinear

   5 5exp ,       expq i q q q i  

     5 5 5 51 1q q q i i q q q q i i q             

5Flavor octet vector meson:  ,a a aqi qq q q q          
 

5Flavor singlet vector meson   : ,1q qq q qq q qi          

 5scalar:       2q i qqq qq  

1. Introduction

• Spontaneous breaking of Chiral symmetry  SU(3)RXSU(3)L   SU(3)V
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2. Chiral partners

Chiral partners: K*, K1

• Operator product expansion for K* and K1
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• Operator product expansion for f and f1(1420)
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- Disconnect diagram is known to be small in vacuum (ideal mixing)

2. Chiral partners


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Which vector meson should one study in medium

 Hadrons with small width:  f is the best candidate 

 Chiral partner: K* and K1 is the best candidate

JPC=1-- Mass Width JPC=1++ Mass Width

 770 MeV 150 MeV a1 1260 250-600

 782 8.49 f1 1285 24.2

f 1020 4.266 f1 1420 54.9

K*(1-) 892 50.3 K1(1
+) 1270 90

- Decay mode of chiral partners typically has one more pion

J-PARC E16, E88

 
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

 
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


  



 Measurement of f1(1420) is still interesting (parity partner of f )

   1       1420       K K f K K Kf    

2. Chiral partners

 1 1420
other

f
m m ssf   

1*K Km m qq 
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f  meson with small momentum

 Transverse and Longitudinal modes at large momentum

 This momentum dependence is Chiral symmetric contributions

3. F meson with small width

2where   qA N q D q N 
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 Angular decay distributions for Transverse and Longitudinal modes

K+K- decay e+e- decay

I.W. Park, H. Sako, K. Aoki, P. Gubler and S.H. Lee, Phys. Rev. D 107, 074033 (2023).

p e+

e-

f

 Experiment

E325 (KEK)

E16 (J-PARC)

p K+

K-

f

E88 (J-PARC)

3. F meson with small width



 cos  cos 
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4. K1,K1* in experiment

K* and K1 mass in the chiral symmetric vacuum

• Sum rules in the chiral symmetric vacuum
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• Weinberg type sum rules
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4. K1,K1* in experiment
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K1/K* production in heavy ion collision



1 fm/c 5 fm/c 7 fm/c 17 fm/c
QGP Hadron phase

TF

T

TC T

Production of K1/K* 1 
chiral symmetry restoration Kinetic freeze-out

K1/K* reduces 



b

Large b Small b

Tinitial

4. K1,K1* in experiment
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3. K1,K1*mass and chiral symmetry

Haesom Sung, et al. (PLB819(2021) 136388, PRC109 (2024) 4

• K1/K* vs centrality
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K1 measurement in heavy ion collision ? 

4. K1,K1* in experiment
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K 

,p n

Nuclear target
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1 0 0
   

K K
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K K
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 

 

   



 
  

 

1

*, K K

,  

K1 measurement at J-PARC

4. K1,K1* in experiment

Decay mode Fraction

K1(1270) K  42 %

K1(1270) K*  16 %

I.W. Park, H. Sako, K. Aoki, P. Gubler and S.H. Lee, Phys. Rev. D 109, 114042 (2024).

 Transvers and longitudinal modes from angular dependence of decay particles


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Summary

1) Hadrons with small width:  f is the best candidate 

JPC=1-- Mass Width JPC=1++ Mass Width

 770 MeV 150 MeV a1 1260 250-600

 782 8.49 f1 1285 24.2

f 1020 4.266 f1 1420 54.9

K*(1-) 892 50.3 K1(1
+) 1270 90

J-PARC E16, E88

5. Summary and outlook

2) Chiral partner: K* and K1 is the best candidate

- Decay mode of chiral partners typically has one more pion

 

 1,                
K

K K K
K K

 


 
 




  



3) If possible measurement of f1(1420) is also interesting (parity partner of f )

   1       1420       K K f K K Kf     1 1420
other

f
m m ssf   

1*K Km m qq 
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Outlook

1. K1 and K* are Chiral Partners with  <100 MeV

2. K1/K* production could be measured for different centralities in Heavy Ion Collision

 Signature of chiral symmetry restoration

3   K1 K* masses can also be measured in J-PARC 

   
1 1

2 2 2 2

0

T
K KK K

uu
m T m m m

uu
   

5. Summary and outlook
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Some additions
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Which vector meson should one study in medium

1) Hadrons with small width

2) Use condensate based Operator Product Expansion (OPE) methods

JPC=1-- Mass Width JPC=1++ Mass Width

 770 MeV 150 MeV a1 1260 250-600

 782 8.49 f1 1285 24.2

f 1020 4.266 f1 1420 54.9

K*(1-) 892 50.3 K1(1
+) 1270 90

qq

       
* *

1 1 4 5 51
 , 0   , 0K KK K iqxd xe s q x q s si q x qi s

V

             
  4 6

4 6
.....s

c c
m qq ssqq

q q
 

- Can identify Chiral symmetry breaking effects

 5expq i q 

  
 2

2

Im1
.

s
q ds

s q


 



- Can relate them to mass 

J-PARC E16, E88

3. K1,K1*mass and chiral symmetry
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3. K1,K1*mass and chiral symmetry

Chiral parters: K* and K1 (in a chiral symmetry restored vacuum) 

• Operator product expansion
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 
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Jisu Kim, SHL: arXiv2012.06463 (PRD21)

Chiral symmetry breaking operator involving /  quarksu s
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