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Why chiral mixing?

Q. Do we see any signal of chiral symmetry
restoration in dilepton measurement?

Light vector mesons change their properties in
hot/dense matter --- x-sym. restoration?

Strategy: vector and axial-vector states

JAxial-vector mesons can show up in vector
spectrum in a medium!

<VV> < chiral mixing 2 <AA>



My fingers crossed, J-PARC!
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[Domokos, Harvey ('07)]

Direct V-A mixing at finite uB
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[Harada, CS ('09)]

Chiral mixing induced from WZW

dWess-Zumino-Witten term [Kaiser, Meissner (‘90)]
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JMixing strength: C=0.1 GeV at po
= AdS/QCD - C=1 GeV at po =2 vector cond.!?
» Why so large? --- higher-lying states in large Nc
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Weak mixing ... No impact?

A missing piece: xsym. restoration

<AA> -2 <VV>



Chiral restoration vs. mixing

A Dispersion relations for small 3-momenta

0 at,p 2 2
mg, — msg

AThe mixing effect will be enhanced as 6m
decreases!

> In-medium ém

»In-medium mixing C & Quark-nucleon hybrid model
INS: Marczenko et al. (19,20)]
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Spectral functlon at T =50 MeV
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Phi spectra at T = 50 MeV
- Sm/dm,.. = 0.7 ==mmn-

vVac




R. Ejima, P. Gubler, C. Sasaki and K. Shigaki, in preparation

TOWARD A MEASUREMENT OF
CHIRAL RESTORATION AT J-PARC

For more detalls, talk by Ren Ejima



d meson in nuclear matter

JdNo ¢N resonances, but the kaon cloud.

JdKaon in nuclear matter: Kaplan, Nelson (86)

. T 1172
Mg = _m.zﬁ:’ — agps + (bKP)Z_ + bk p,

5 1/2

my = |my — agps + (bkp)*
bk =3/(8f;) ax =ag = Zxn/f;
Li, Lee, Brown (97): kaon production in Ni+Ni
at1 & 1.8 A GeV
ax ~ 0.22 GeV? fm’ and a; =~ 0.45 GeV? fm’

T prs



Ir'=0&pp = pg
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[Nishi et al., Nature Physics, 2023]

Density-induced chiral mixing in broken phase
J1More structure & their shift due to f,; in SF

1.5



E16 experiment at J-PARC
\)\\/4/ d Measurements of spectral
=

change of vector mesons in
Proton beam |

nuclel
m ) - d Proton beam at 30-50 GeV
AN [0 2 S

Run 1 (Dec 2024).
15k ¢ mesons aa
Run 2 (?):

E16 Runl 69k & mesons C16 Run?




Dilepton production
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— w/ Chiral Mixing
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SUMMARY



Final remarks

JParity doubling of hadrons as signatures of
chiral symmetry restoration in a medium

A Density-induced chiral mixing in cold dense
matter

= Estimated signatures at J-PARC E16 experiment
(p+Pb) via dilepton production

" Run-2 adequate
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Vector-current correlator

2 ; o _
oL _ (90N =5 a1 _ (9  —sDa +4C%p
v m Dy v m,, Dy Dy —4C2p2

Dva=s—mpa +impalpa(s).

Jdm and I': in-medium masses and widths

AStrategy of an illustrative computation:
" Modify only mass and width of axial-vector states.
" Set G_A equal to G_V at CSR, according to
al=T(al>pm)+6M(f pi)2>T p



Mass difference vs. mixing : T=50 MeV
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Baryon resonances in pN channel

NN’ ¢ AN

H

N(1720) and A(1905)
-2 level mixing
[Friman, Pirner (97)]
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[Kim, Lee ('21): QCDSRs, mrho = 500-600 MeV]

Signals diminished by p-wave states

107 | | | | 7

s k- w/ CSR-1
10 CSR-0 2
f*:l} 107 Finee W/0 CSR =====- .
ﬂg JD-B ;_ -
£ 107 F
g 100}
< 10

10712 L

30'13 i s

0 02 04 06 08 1



[Li, Lee, Brown (97)] [Chung, Ko, Li (98)]
Kaon and anti-kaon
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Int.over p > 0.5 GeV

Dilepton rates at T=50 MeV
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Int.over p > 0.5 GeV

Dilepton rates at T=50 MeV
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