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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
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Conclusive QCD phase diagram

blue — deconfinement transition
red — xSB transition

reduced

tri-point  yellow zone — HotQC

_______ PLB 795 (2019) 15-21, Quark Matter 2019
blue-net zone — Wuppertal-Budapest

PRL 125 (2020) 052001

STAR, ALICE chemical freeze-out parameters:
black squares PRL 111 (2013) 082302
green diamonds PLB 738 (2014) 305-310
o1 02 03 04 s 06 purple circles PRC 96 (2017) 4, 044904
w(GeV) red square Nature 561 (2018) 7723, 321-330

Ta(p) ~0.1503 Ty () ~ 0.1555 PLB 832 (2022) 137212

(pe, Ty) ~ (0.607,0.150) (e, Te) =~ (0.234,0.155)
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Holographic model of an anisotropic plasma
in a magnetic field at a nonzero chemical potential

I.Aref’eva, KR’18; IA, KR, P.Slepov’21

. . 1
S = /dsz V=g {R foff) R - flf) F - fB4(¢) Fig) = 5 Omo0™o V(¢)}
L2 2 27% 5 27% d 2
ds? = = b(z) [— g(2) dt? + da? + <L> dy? + e°B? (;) dy2 + g(zz)]

A(l)# = At(z)dﬁ At(O) =N F(l) = dyl A dy2 F(B) = dx A dyl
b(z) = e2A(2) o quarks mass “Bottom-up approach”

Heavy quarks (b, t)
A(z) = — c2% /4 Andreev, Zakharov’06

A(z) = — ¢2? /4 + p(cp)2* IA, Hajilou, Rannu, Slepov’ 23

Light quarks (d, u)
A(z) = —aln(bz? + 1) Li, Yang, Yuan’17
A(z) = —aln((bz? + 1)(dz* + 1)) Zhu, Chen, Zhou, Zhang, Huang’25
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CEP in holographic model

I.Aref’eva, KR’18; IA, KR, P.Slepov’21
fo(9) f1(4) fB() 1
5= /d% V=g [R -8 -8 - Fiy) = 5 0160M 9~ V(9)

22 22
> v v dz?
ds? = = b(2) |:—g(z) dt? + da? + (Z) dy? + ecn?? (Z) dy2 + Z:|

9(2)

A(DM = At(z)ég At(()) =u F(l) = dyl A dy2 F(B) = dz A dyl

Light quarks A(2) = —alog(bz? + 1), fo(z) = e—cx’ —A®)

T (GeV) fie = 0.048

=== Conf./deconf. phase transition

15t order phase transition

% CEP

00 05 10 15 20 25 H(GeV)
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CEP in holographic model

I.Aref’eva, KR’18; IA, KR, P.Slepov’21

s=[wrv=g|r- T L oneoMo - V(¢)]

2 2
ds? = L b(z) | —g(2) dt? + dx? +dy? +dy? + dz
2 1 Y2
z 9(2)

Ay = Ae(2)85  A(0) = p
Isoropic plasma v =1 No magnetic field ¢ =0

Light quarks A(2) = —alog(bz? + 1), fo(z) = e~ 2 —AR)+N=+K

T (GeV) e = 0.048
4
0.2 —— Conf./deconf. phase transition e = 0.234
15t order phase transition

“% CEP

00 05 10 15 20 25 K (GeV)
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CEP in holographic model

Isoropic plasma v =1 No magnetic field ¢ =0

Light quarks A(z) = —alog(b2? + 1), fo(z) = e—cx?—A®)

e = 0.048
T
0.20 0.002
1
\
\\ \
0.15 ——— oan
Thp(4)
0.10 o \
0.05 -0.001
0.00 Z
0 2 4 6 8 10 12%h oo
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CEP in holographic model

Isoropic plasma v =1 No magnetic field ¢ =0

Light quarks A(z) = —alog(b2? + 1), fo(z) = e—o#? — AR+ Nzt K

e = 0.048
T
0.20 0.002
1
\
\\ \
0.15 ——— oan
Thp()
0.10 o \
0.05 -0.001
0.00 Z
0 2 4 6 8 10 12%h oo
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CEP in holographic model

Isoropic plasma v =1 No magnetic field ¢ =0
Light quarks A(z) = —alog(bz? + 1), fo(z) = e~ =" —AG)+ N+ K

pe = 0.234 K=-3 N=-0.1
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40 45 5.0 55 6.0 6.5 70
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Regge meson spectrum

(¢)
S = 167rG5/ z V=g [ *3u¢<9“¢ - V(¢>)}
_ 1 Ir(®) .
Sm = 167rG5/d5m V=g {‘ (Fv + F ) - *BMM U g§¢2v2 —U(®)
AL =v 4V, AR=V -V Vulfr(@)F}"] =0
e2As dz?
ds? = |: g9(2) dt® +dz% + ﬁ
Ak . 1/2 -
‘/7,(11372) = / W e Ui(Z)7 v; = (MQ‘HT(J) v = X,

— o + U () = mPey, U(z) = 2 X
3 X2 X
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Regge meson spectrum

S = 167rG5 / z V=g [ (¢) fam M — vm}
1 ~
Sm = 167rG5/d5m V=g {‘ fRf)) (Fv +F ) - ,awa Y- g§¢2v2 —U®)

AL =V 4V, AR=V -V Vu[fr(®)F}] =0
e2As 2

ds® = 2 {— g(z)dt?® + di* + %

1/2
d*k .
ik-x _
i\&Ly = —_— i s P = - s = X
Vi(z, z) / ( e Tui(2), v (eASng‘uT0> P P

2m)4
272 X"
— U@ =mP, U() = S5 =

1
fr = e CRF —As(2) As(2) = —alog(l + bz2) + \/; (2)

(Z) +CRZ mi = 4cpn
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Regge meson spectrum

2 1
—cRrz“—As(z 2
fr=eT T TO A (2) = —alog(14b2%) + 4] ¢ 6(2)
2 2 2

U(z) = 2 + crz", m;, = 4crn
6 : : : : : - of 7
5 |* Experiment data 5i * Experiment data 1
* Model fitting cg = 0.227 p(2270) I | = Model fitting cg = 0.222 p(2270) -
+t R ]
m? 3 ] m3 3F ]
i o j
i Lo j
® p(770) [ ]
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n n

PRD 110 (2024) 030001
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Conclusion

o A family of models, able to shift the CEP point (u.,T.), is considered.

o The shift possibilities have a number of limitations within the simplest
models.

@ Regge meson spectrum can be provided via the additional gauge kinetic
function, that can be possibly connected to the gauge kinetic function,
associated with the p-providing Maxwell field, in within more complex and
detaild models.

e Spacial and magnetic field anisotropies will definitely influence the CEP
location and possibly — Regge meson spectrum.

All these aspects require further investigaion, so to be continued...
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