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Studies of QCD Phase Diagram is the main goal of
new facilities

RHIC-BES

Temperature T [MeV]

.Nuglei _/cu )
) § 7
< 1 Net baryon density n/ n
o ( Yy y o
Compact Stars = n=016fm=

From: https://nica.j ;ﬁnr.ru /physics.php
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Holographic QCD phase diagram for light quarks

—

1 CEP Deconfined
RHIC =< (QGP)

Hadronic \\\ /Deconﬁn/ng

transition

0.162Gev
=
iy
(9}

phase transit/\orl

Broken p
Quarkyonics._
0.3Gev Neutron SN o
Nuclei stars IJ B
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The main question to discuss today is:
what directly measurable quantities indicate
the presence of 1-st order phase transitions?

o Jet Quenching — this talk

@ Direct photons — Ref.: LA, A. Ermakov and P. Slepov,
"Direct photons emission rate ... with first-order phase
transition,” EPJC 82 (2022) 85

o Energy lost - P.Slepov’s talk

e Cross-sections — M.Usova’s and A.Nikolaev’s talks

@ Details of the CEP locations K.Rannu’s talk
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Holographic model of an anisotropic plasma in a
magnetic field at a nonzero chemical potential

I.A, K.Rannu’18; IA, KR, P.Slepov’21

1
5 /d% = [R_ flf;b) 2, - f2i¢) 72, - fBiqs) Py~  00100M6 - V(9)

92 92
L2 z v 2 z v dZ2
ds®> = — b - dt? 4 da? — dy? + e8| = dy? + —
s° = —5 b(2) [ g(z) dt* + dx® + (L> yi +e <L> vs + 9

A(l)/,t = At(Z)(sB A (0) = p F(z) = dyl N dy2 F(B) = dx A dyl

Giataganas’13; IA, Golubtsova’l}; Girsoy, Jarvinen ’19; Dudal et al.’19
b(z) = e2A(2) & quarks mass “Bottom-up approach”

Heavy quarks (b, t):

A(z) = — c2? /4 Andreev, Zakharov’06

A(z) = — c2® /4 +p(c)2* IA, Hagilou, Rannu, Slepov’ 23
Light quarks (d, u)

A(z) = —aln(bz® + 1) Li, Yang, Yuan’17

A(z) = —aln((b2® 4+ 1)(dz* + 1)) Zhu, Chen, Zhou, Zhang, Huang’25
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1-st order phase transition for “light” and “Heavy”
quarks in Holography

Light quarks Heavy quarks
T, Gev 1'11'

1.0

09 \‘ o
— cg=-1
08 \ o

— cg=-3
o7 (Hceryq Teepug) | — cpm-o5
0.6 v=4.5

— cg=-1
0.5|

0.4 i
%o Pl 0.0 0.2 04 06 08 1.0 12
I.A, Ermakov, Rannu, Slepov,EPJC’23 I.LA, A. Hajilou, K.R., P.S.EPJC’23
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1-st order phase transition for “light” and “Heavy”
quarks in Holography

Light quarks Heavy quarks

T, GeV

09 \‘ o
— cg=-1
08 \ o

— cg=-3
o7 (Hceryq Teepug) | — cpm-o5
0.6 v=4.5

— cg=-1
0.5|

— cg=-2

%o Pl 0.0 0.2 04 06 08 1.0 12 Y
I.A, Ermakov, Rannu, Slepov,EPJC’23 I.LA, A. Hajilou, K.R., P.S.EPJC’23
@ QCD Phase Diagram from Lattice = *

Columbia plot / :

Brown et al.’90 Philipsen, Pinke’16) .
@ Main problem on Lattice: u # 0 i -

Crossover

z

—TE—
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Jet Quenching

@ The jet quenching parameter g quantifies the average transverse momentum
squared transferred from the parton to the medium per unit path length.

e Light-like loop C =z_ Xz, 2_ >> x2 > locp

A

c 2
< WAd[C] > ~ e 17T

z_ —00
xg—0

5
L

U. Apedbena

271 ¢ - jet quenching
parameter
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Jet Quenching

@ The jet quenching parameter g quantifies the average transverse momentum
squared transferred from the parton to the medium per unit path length.

e Light-like loop C = z_ X x2, z_ >> x> > {lgocp @ Wilson Loops in

holographic QCD
‘C J. Maldacena’98
< WaglC) > ~ e 97-73
w2, e R /
271 ¢ - jet quenching ¢ R
parameter

@ String action "on a barn": Syg = [drdé M(2(¢))

F(2(8) + (2(£)?

H.Liu, K.Rajagopal, U.Wiedemann’06 Conf. case: q ~ T3
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Light-like Wilson loops in a deformed metric*

L2e2As Z\2-2/v 2 2 1
2 _ 2 2 2 —c%z?, 2 2
ds? = = (—g(Z)dt +ait+ (7)) (e B dad) + )
L2L_ 5 e24s(®) [1- g(2) 2,0 2\2-2/v 22
S = d et (2
NG3 = /0 £ 2 (e <L) + g(z))
z3 =¢
The integral of motion —0/2

o 2440 (g(2) — )/
VB /(1 - g2 (e877 (3)7F + 26

and we get for 2’

24,4B222(2)72/v
S=" \/§ZL2(;) \/9(1 —g) —2gL2P222 (%)Q/V e—44s—B222

z' = 0 returning point z.
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Light-like Wilson loops in a deformed metric *

"Returning point":
2
9(2) ((1 —g(z))et B2 _012p2.2 (%) “) =0 (%)

z

Equation (*) has two possible solutions:
a) g(z+«) =0, this hold for z.« = zp,

b) Z =0,in our case is unstable

@ a) z, = zp.

Z+ ...

z —2A, c?, 22 z 2/v
— PL2/ h \/56 teb (L) d

0 9(1—g)
672.,45;(z)7B2z2 (%)2/1’ dz

— 2 p2
A b

N0 s
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Jet quenching for non-zero magnetic field and initial
anisotropy. Analytical formula & Numerical results

1 o g2 As()tens (2)2/Y
Q3(Zha:u7cB7l/):77 a'N/ B
a 0

9(z)(1 —g(2))

) = €87 |1 = L(2) 1 (2¢ — cp) I»(2) B 11 (2)12(zn)
g(z, 2, i e, v) = ll T, (on) + 20 6(26703)%/2)2 (1 I1(zh)12(z)>1

2

z 142 z u 1+%
ne) = [y g b= [0

e(—c+203)52 dg
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Non-monotonic behavour of the jet quenching parameter

Early observed by M.Huang et al’14; Zhu, Hou’23
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Jet quenching for non-zero magnetic field and initial
anisotropy. Numerical results

Log[a]
0.20F U
0.19}
- 11.5
0.18}
S o) —110.0
(0]
) L
0.16}
= 192
0.15+
0.14}+
0.00 0.05 0.10 0.15
u (GeV)

Density plots for log a for light quarkg _

DA
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Jet quenching for zero magnetic field. Numerical
results

Log[a]
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T (Gev)

T (Gev)

Jet quenching for non-zero magnetic field.
Numerical results
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Jet quenching for non-zero magnetic field.
Numerical results
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Jet quenching for non-zero magnetic field.
Numerical results
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Conclusion

e Jet quenching parameter can serve as an indicator of the 1-st order phase
transitions

__Log(a), Cg=-0.005 GeV?

T, GeV
0.15]
'?;L 010
3.
._,
) 0.05]
% o om0z 0% % ol o bm 0m 0% 0. , Ge\
1 (Gev) 1 (Gev) 70,0 01 02 03 04 05 06 #Ge
Plots for the light quarks model
Or B> «=r» «Tr T 9DAG
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