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, WHICH 1S IMPORTANT? >
E CRITICAL POINT OR CHIRAL RESTORATION?

Case of zero temperature and finite chemical potential

Critical Point: Asakawa and Yazaki R A e BRI A
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Abstract: We investigate the chiral symmetry breaking, its restoration and related quantities at finite i I P e P e
density and temperature in the Nambu-Jona-Lasinio model. It is shown in the mean field approxima- 0 940 360 380 400 420 440
tion that a first-order transition exists at zero and low temperatures and that this transition can be it [MeV] \/
identified as the chiral restoration.

Fig. 4. The pion mass, the sigma mass and the effective quark mass at T =0 for the case (I).

It is shown in the mean field approximation that a first-order  Case(l): T. Hatsuda and T. Kunihiro, PTP Sup; 91(1987) 284 £
transition exists at zero and low temperatures and that this
transition can be identified as the chiral restoration. \/ , e /
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2 SIGNALS OF CHIRAL RESTORATION

T. Hatsuda and T. Kunihiro, PRL55(1985)158
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« CHANGE OF VACUUM STRUCTURE
« CHANGE OF §q CONDENSATION l Fo55Mey 108
« —> CHANGE OF ¢ MESON PROPERTIES -
* SOFTENING OF THE 0 AND A DEGENERACY OF THE
o AND T
e DEGENERACY OF CHIRAL PARTNER
 VECTOR — AXIAL VECTOR
 WEINBERG TYPE SUM RULE

— e e ]

0.2

o 4

% fo dwzwz(PV(w) b5 PA((U)) = _gﬂa’s(Oz}q)
pv (), pa(w) : SPECTRAL FUNCTION

* PRL18(1967) 507

qg-continuum
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SIGNALS OF CHIRAL RESTORATION
* CHANGE OF gq CONDENSATION * QCD SUM RULE
* GELL MANN-OAKES-RENNER RELATION * RELATION BTW SPECTRAL SUM (MOMENT) AND
. fZmi, = —m(au + dd) VACUUM CONDENSATES
« M= (m,+my)/2 « VECTOR MESON IN VACUUM
* PHYS.REV. 175 (1968) 2194 * BOREL SUM RULE
« BROWN RHO SCALING o L[ doim[[(w)e-/A% = S E eI EUENGH
e mi/m, =~ m/m, =~ mi,/my, ~ falfx * M. A. SHIFMAN ET AL., NUCL. PHYS. B147 (1979) 385
 PRL 66 (1991) 2720 ~
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i PRD 42 (1990) 1744
M_ vs Temperature
« QCD SUM RULE IS APPLIED TO VECTOR oo P
MESONS IN A MEDIUM
+ A. 1. BOCHKAREV AND M.E. SHAPOSHNIKOV, e % ST
NP B268 (1986) 220 = aoo B \)\_
e R.J. FURNSTAHL, T. HATSUDA, S.H. LEE, PRD 42 = : ]
(1990) 1744 = s00r i E
* T. HATSUDA AND S.H. LEE, PRC 46 (1992) R34 200 E
« ASSUME THE SPECTRAL FUNCTION ]
2 9 ®o 100 200 300 ~7
* Ppole T 0(w* = So)pcont + 6(w*)py T (MeV)

(i), (ii), (iii): different assumption
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for expansion coefficient
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o FURTHER PREDICTIONS
M. Asakawa and C. M. Ko, PRC 48 (1993) R526 M. Asakawa and C. M. Ko, PLB 322 (1994) 33
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MEASUREMENTS

1078

e VECTOR MESON VIA LEPTON PAIR SPECTRUM
* LEPTONS ARE TRANSPARENT PROBES FOR STRONGLY
INTERACTED MATTER 1078

* ISSUE: MANY LEPTON PAIRS PRODUCED BY DECAYS OF
VIRTUAL PHOTONS

« DI-LEPTON RATE |  Mr(Gev)
dN; a? L(M . - . i
Ny o (' : ) I e (Mg T i) f (g0, T) M. Asakawa, T. Matsui, PRD 43 (1991) 2817
d*xd*q 3 M Dilepton production from a nonequilibrium quark-gluon plasma
in ultrarelativistic nucleus-nucleus collisions
* WE NEED TO DISCUSS BOTH RADIATIONS AND RESONANCE
M. Asakawa
DECAYS Center for Theoretical Physics, Laboratory for Nuclear Science and Department of Physics,

Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

o CONFUSION: QCD SUM RULE DOESN,T TELL US DETAILS OF and Department of Physics, Faculty of Science, University of Tokye, Tokyo 113, Japan® /
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PRC93(2015) 014904
Au+Au \s\ =200 GeV Min. Bias 1
102 . ;
PHENIX = cocktail excluding p ]

------ QGP (Rapp)
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dN/dm,,, in PHENIX acceptance [(GeV/c?) ]

PHENIX

Mee (GeV/c?)

EXPERIMENT RESULTS |

arXiv:2308.16704
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D 0.01— Data - Cocktail .”. - Rapp: vacuum p +QGP |
NQ = !,'E : = Rapp: broadened p +QGP
3 i " - "+ PHSD: broadened p +QGP

PRC92(2015) 024912
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M. (GeV/c?)

STAR

Perform comparison between measurements and model calculation
Information of condensates is not yet extracted from the spectra

A

TT T T[T I T T[T IT[IrTr] T T T T
LICE

A

0-10% Pb—Pb |5, = 5.02 TeV

0.2<p, <10GeVic, |y | <0.8

I 00< Prec™ 8.0 GeVic

r EData — Cocktail (LF wio p + Jlw + (N a”)-scaled HF)
—[#] Data — Cocktail (LF wio p + J/y + F\‘:‘A =% _modified HF
R.Rapp, Adv. HEP. 2013 (2013) 148253

—sum

--- thermal radiation from QGP

in-medium p

Arrows show upper limits at 90% C.L.
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. EXPERIMENT RESULTS II

arXiv:2402.01998

— —=— STAR Au+Au 54.4 GeV (0-80%)
= —e— STAR Au+Au 27 GeV (0-80%)
— —— NABO In+In 17.3 GeV (chhfdn > 30)

—
Q
[=7]

ch

— Ty it (54.4 GeV)
— T, fit (27 GeV)
—o- o fit (54.4 GeV)
wem Tym fit (27 GeV)

—
Q
[=5]

g oo Scaled from p+p (p — ')
Scaled frome'+e (p — n'M)

%
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(d®N,/dM/dy)/(dN /dy) (20 MeV/c?)’

1.5
M, (GeV/c?)
STAR

Temperature is evaluated from the data:

fBW . o—M/kpT

4

Eur. Phys. J. C 59 (2009), 607
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_ QCD SUM RULET®D: a8l

SR ZE L (§8), = {55)g + (35)np>»

ﬂf
M. Asakawa and C. M. Ko, NP A572 (1994) 732 (G G"‘“’) - 5 {G Gy,p) N mNP:
ar

¢ mesonlZx 9 HETE
CRETDRM 8 TR
T [a(b— 00 BT - (GG, ((37,75A%) (Sy*ysAs)), = 5 (5s);,

8961’ 4 207 < . 1672 \2

+ SIL: <-§3'>;2, M Al NMnp t+ SA:éAst?qp] <(ST#A":S)(ST“AES)>P ~ 79 <ﬁ)—”’
2 - —
X |ab— ﬁmzs + 8m’m, (SS)p Pyl yG””>p <(STP Aas)(uj’“"’"au) >P = 05
M 3M

4d8am® ,  4m? 10m? - sy A% dyHAed)), = 0.

ﬁ%(ﬁﬁ-ﬁ- %Ai,NmNP—WA%,Nm?JP] <( '};_,, )( Y ]>p
ZISADIAAE  We have calculated (3s )ﬁ using Eq. (3.4) and have thus included the quadratic /

term in density. The phi meson mass is, however, not affected much if only the  2024/¢/1° i
term linear in density is kept, because, due to the large mass of the strange quark,

the m3s), term contributes to the phi meson mass more than the (3s); term. ot \ /
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P. Gubler and K. Ohtani, Phys. Rev. D 90, 094002 (201 4)
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See also: S. Goda and D. Jido, Phys.Rev. C 88, 065204 (2013).
N. Kaiser, P. de Homont and W. Weise, Phys.Rev. C 77, 025204 (2008).
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KEK-PS E325 EE&

12 GeV proton induced.

p+A — p/w/dp + X
Electrons from meson
decays are detected.

The exp. results show

Am = 0.034 £ 0.007
A' =2.6t1.5

o 150

)
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755 %*y(

E

R. Muto et al., PRL 98(2007) 042581
By<1.25 (Slow)

counts/[6.7MeV/¢

50

0.9 1 1.1 1.2
e*e- invariant mass [GeVic?]

my(p()/mg(0)

£ TIE, £

P. Gubler and K. Ohtani, Phys. Rev. D 90, 094002 (2014)
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Y EXPERIMENT AT J-PARC I

J-PARC (Japan Proton Accelerator S
Research Complex
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° J-PARC E16 EXPERIMENT =

* MEASUREMENTS OF E*E- PAIR INVARIANT MASS SPECTRA IN NUCLEUS

* 10 TIMES LARGER STATISTICS COMPARED TO THE KEK EXPERIMENT
100 PROTONS PER SPILL (10 TIMES HIGHER THAN KEK)
* COUNTING RATE: 5 KHZ/MM? (MAXIMUM)

* TWO TIMES BETTER RESOLUTION THAN KEK
« LARGER MAGNETIC FIELD
« BETTER POSITION RESOLUTION (~100 pM)

PbGl C@nmete;s bgam
\ . .‘.‘:.

G8oe% | |pole 8 :::. .retum yoke

® \ 1ece o ® @ |

‘ Tapget ey &
SN ee Cherenkov
oo ) ...o:.. radiator
. [ lcst+GEmM @
GEM tracker

Trackers Electron ID
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e STATUS OF THE EXPERIMENT
. i:;g | Red: HBD — 7 mode y
H ISTO RY 5 350% | Blue: HBD - electron mode ywwm‘w*u*d‘mmhﬁﬂpﬂ
* FIRST BEAM: MAY 24, 2020. s Hlsotror L L LT e
« COMMISSIONING RUNS: JUNE 2020, JUNE L1 1 ' : :
. : Obtained Profile
2021, JUNE 2023, AND JUNE 2024 ST I — (%ﬁ&l):_‘/*ﬁﬂjﬁg)
« ALL DETECTORS, TRIGGERS, AND DAQ ;o ik
WORKED WELL T catbon
» DETECTOR PERFORMANCE IN ¢ ey
COMMISSIONING DATA ARE BEING EVALUATED i3
10 =
* WE WILL HAVE THE PHYSICS DATA IN A YEAR i3
Ef_....l..ﬂl..Jlj.ntn..l.H‘.‘!‘l AT T 16 J

-50 -40 -30 -20 -10 0 10 20 30 40_50
[mm]

</ Reconstructed Target Profile
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« RKRETICKDI-GHE=
. {RiB
* AXIAL VECTOR
« DISORIENTED CHIRAL SYMMETRY RESTORATION
* (ALICE3)

* FAIR/J-PARCTHDEAA UV ERERICLIESEEKEDER
- HBIEE=iE

* COLOR SUPERCONDUCTING
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- POLARIZATION OF ¢ MESON e
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H.J. Kim and P. Gubler, Phys. Lett. B 805, 135412 (2020).
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& 1.017 :
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- nuclear matter density 1
099: . .
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caused by

(N|ST35v*iDPs|N)
_|_
(N|8TG§';@G““5 |N)

caused by
(N|STGﬁaG“"L5 |N)

KK decays are preferable

K*K™ decay angular distribution
L —[MeV]

d(Cos[#])

c.m. frame

- - c
10 -05 05 1.0

|.W. Park, H. Sako, K. Aoki, P. Gubler and S.H. Lee,

PRD 107, 074033 (2023). }
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2 AXIAL VECTOR MESONAND 7 JO—F i

p—
Vector meson spectrum ~NDFHHREMNRZSHATEEM™
M.Harada, C.Sasaki and W.Weise, PRD 78 (2008) 114003 C. Sasaki, PLB 801 (2020) 135172
T/Tc = 0.8, Tc = 200 MeV T = 50 MeV, mixing parame’rer c =~ 34MeV
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DISORIENTED CHIRAL CONDENSATE

M. Asakawa, Z. Huang and X.N. Wang, PRL74 (1995) 3126
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M. Asakawa, H. Minakata and B. Muller, PRC 65 (2002) 057901
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J-PARC Heavy lon 3EE&

FAIR CBMZEE&

CBM — day-1 setup

Projectile Spectator
Detector (PSD)

\\Zero-degree
Calorimeter

Silicon Pixel
Trackers

Time-Of-Flight (TOF)
Hadron
Superconducting Dipole Magnet Transition Radiation Calorimeter
Micro-Vertex Detector (MVD) Detector (TRD)
Silicon Tracking System (STS)

EEL4 Beam Energy: \/Syy ~ 2 — 5 GeV

: “y. 1010 ~ 1011 (
Maximum Beam Intensity: 10 10'" Hz B o - J
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T. Nishimura, M. Kitazawa, T. Kunihiro,

3RS ES

PTEP 2022, 093D002

Di-electron pair emission in phase transition

for super conductivity
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S.Floerchinger, C.Gebhardt, K.Reygers,

PLB 837 (2023) 137647 093D002

Effects of electrical conductivity on the spectrum
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SUMMARY

« QCDHRZEET B-DIZHATILAIEIZKRE
s EBRMNICEFDOZEILZIRADDIZHLIIVCADLAIE->TLNEET,

EISA

BEERHTEITINET,

DILEPTOND IR (E, WAWALGZEKRTERIISAEHEIZH S F=EBVET,
JAVE T OPDDEEIZ, PHENIXATDETEZ Y R—FLIZELSBEELV=CEAHYET,

SkEL. FALLBRELWLET,
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