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Spin studies reveal interaction mechanisms of hadronic matter
HADES experiment conducted studies at 1.49 GeV
Polarisation information in dileptons
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Electromagnetic probes can escape collision volume
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» Split the diagram into production and decay part

e+
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» E. Speranza et al. investigated 7N — Nete e Speranza, M. Zétényi, B. Friman Phys.Lett. B764 (2017)
» Introduced anisotropy coefficients
» s- and u-channel diagrams for different nucleon resonances

N N

s-channel t-channel u-channel
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E. Speranza et al. investigated mN — Ne*e ™ speranza, m. zétényi, 8. Friman Phys Lett. B764 (2017)
Introduced anisotropy coefficients

s- and u-channel diagrams for different nucleon resonances

Goal: include t-channel

vV VvyVvYyy

N N

s-channel t-channel u-channel
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Theory - Decay Matrix
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> M = Z Mdecay(A)Mprod()\)
A

e+
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e
Y
e+
> A M= Y —elyive,(\) = —elle,(N)
A A
> M= 3 L0 e, (Neh (V)L™
pol A\
> L= 30 LI L
pol
> P = (N e, (N)
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Theory - Kinematics
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» mN CM-system
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Theory - Anisotropy Coefficients
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Align z’-axis along virtual photon momentum

Boost to v*-rest frame:

e(p,~1) = 55(0,1,-i,0)"

¢(p,+1) = 5(0,1,i,0)"

e"(p,0) =(0,0,0,1)"

Choose canonical spherical coordinates for dilepton momenta in v*-RF
p* = q(1, £sin ¥ cos ¢, & sin ¥ sin o, 4 cos V)

VVYyVvVYVY VVY
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Theory - Anisotropy Coefficients
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PR = VL e ()
1 +cos2 9 —\/Téew sin2y  e?¥sin® Y
P =4q% | e wsin29  2(1 —cos?Y) ¥2e'¥sin2y

e~ 2% gin Y \/ge‘i“’ sin29 1+ cos?y

v

A

. . . 2
Total invariant amplitude: |#]* = 3~ p55° o2
’

A

v

v

Hadron Tensor #P"°? = e 3+
J_CII,V — Z g_[:,u,j_(/'*y

pol
AN =N e,(N)

i

v

v
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> M o N (1 + Agcos? i) + A, 8in? 9 cOS 200 + Mg, SIN 209 COS o+
A sin® 9'sin 2 + A, sin 20 sin 99)

d d d
(PSP — 2088
d
Ao =2k (55)

d d
Aoy = %9@ (Pg,r; - Pp:c;,o)

v

A9

v

v

1 2 prod
> )\Lp = Nlm (p—1,+1>
1 V2 prod prod
> g, =wim (Po,+1 - P—1,0)
prod prod prod
> N =0l i + 2000
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Theory - Anisotropy Coefficients
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M NV (1+ Xgcos? P + A, sin ¥ cos 2 + Ay, Sin 20 COS o+

L ain2:9ain 20+ \L s s
Ay sin“dsin2¢ + Ay, sin2¢ sin y)

1 prod prod prod
X =3 (9—1,—1 + P41 2000 )
d
2.0 (%)

V2 prod prod
> Moy =W Re (P01 — P00

>/\,¢

1 _ 2 prod
> /\\r,) = Tlm (f)71,+1)
1 _ V2 prod prod
> Aj, =wim (/)o,n - Pq,o)
prod prod prod
» N =+ 0 + 2000
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Theory - Anisotropy Coefficients
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S = (S A — 208
ST =P e T =20
_Iioyy
> A'& - ZL+Z”
» Interpretation of \y:
» Ay = +1 — completely transversely polarised photon
» Ay = —1— completely longitudinally polarised photon
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Theory - Production Matrix
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> M = Mdecay Mprod

e+

16th January 2019 | IKP | D. Nitt | 15 NHQ



Theory - Vector Meson Dominance
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v

J. J. Sakurai proposed intermediate vector mesons am. ehys., 11 (1960)

em?
Lopyr=— o POA" = Gprr )"

v

v

Refined by N. M. Kroll, T. D. Lee, and B. Zumino euys. rev. 157 (1967)

2 e w0 0 /)
> Ep'yﬂ' = _EFl Puv — gﬂﬂ'ﬂ'p;LJM - eJILAl

H 2 e 2
because in p-space L, = —5P Ap,

m m T
= >’YW + >=p==y\/\/z\/\/
™ m 7l'
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» Nuclear Resonances N*(1440) and N*(1520)

» t-channel: 7, p and g4

> /s=1.49GeV

> My = 100...500 MeV

» Interactions taken from M. Zétényi and G. WOIF euys. rev. c 85 2012)
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Results - Validation
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» Reproduction of s- and u-channel resonant diagrams

» Hypothetical on-shell resonances with m = /s = 1.49 GeV
1 "
08 4
06 4
04 et |
0.2 ’ ) B
Lo T A o 1
—0.2} . -
—04 1 . R |
— s1/2* (1490) hEN
—0.6F""" - - s1/27 (1490) T
—— s3/2*(1490)
08| --- s3/27 (1490) i
1 i 2 5 i 5 [ 7 ™
8 8 8 8 8 8 8
e
16th January 2019 | IKP | D. Nitt | 18 NHQ



Results - Validation

TECHNISCHE
UNIVERSITAT
DARMSTADT

» Reproduction of s- and u-channel resonant diagrams
» Interference between dominant N(1440) and N(1520)

1 e
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Results - t-Channel m;,,
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Results - t-Channel m;,, = 400 MeV
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Results - t-Channel m;,, = 300 MeV
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Results - t-Channel m;,, = 200 MeV
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Results - t-Channel m;,, = 100 MeV
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Implemented the t-channel in 7N — Ne*e™

Main contribution in t-channel due to pions

t-channel p-meson has no visible impact

Impact of a4-resonance diminishes with lower invariant dilepton mass

vV vV v Vv

» Include non-resonant terms
» Different /s

» Heavy-ion collisions

» win VMD

16th January 2019 | IKP | D. Nitt | 25 NHQ



Interactions S—
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> Lonrie = g VRTOM TUN - D +hec.

> EnyFh/z = g"—n'i‘ERUW rngff",,,,, + h.c.

> LoNR,, = —%ERH“FQM 9,7 +h.e.

> ‘CPNR3/2 = _i%_N:E/FJi{?’YerN : ﬁ,uu +h.c.

> LRy, = 1% Ppy" Fyng,, +he.

> LanRy, = ZBYRTTey - 0,7 +hec.

» T =5 for resonances with J° € {1/2*,3/2=} and I = 1 otherwise, and
I =5T

16th January 2019 | IKP | D. Nitt | 26 NHQ



Interactions TECHNISCHE
UNIVERSITAT
DARMSTADT

> Lo = = ISy T - O, T

S Low = %0 (P Reps)

» Lann = GaNONY VP TUNTT,

> Emrp = _gﬂ'frp[(au']_f) X ﬂﬁu

> Lony =—eA,J!

> Lomy = e as TP T

> Loqy  =—ie%0G F. 97
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