String tension in magnetic field for HQGP

K.A. Rannu

Peoples Friendship University of Russia (RUDN)
Steklov Mathematical Institute (MI RAS)

Advances in Quantum Field Theory 2025

< BLTP JINR
‘ 12.08.2025
RUDN
university with I.Ya. Aref’eva, P. Slepov

arXiv:2505.09580 [hep-th]



K.A. Rannu

—

0.162Gev

Holographic QCD phase diagram

Talks by I.Ya. Aref’eva

P. Slepov
A. Golubtsova
A. Nikolaev
.. & CFP Deconfined
LT
RAI (Q GP)
H d H N Deconfining
adronic ~ / "
\ N transition
Xsym 1-st orc?e\r\
phase transitToq
Broken AN
Quarkyonics._
0. 3Ge‘V Neutron AN -
Nuclei stars IJB

String tension in magnetic field for HQGP 12.08.2025 AQFT-25

1/ 14



HIC

e Origins of anisotropy

e Primary anisotropy — longitudinal and 2 transversal directions

e Multiplicity dependencies ALICE M(s) ~ s0-155(4)
e Aref’eva, Golubtsova, JHEP (201/) M(s) ~ st/ 712 =y =45

o Secondary anisotropy (in strong magnetic field, eB ~ 5 — 10 m2
my; — pion mass)

magnetic field T 3

1-st ion - collision line

2-nd ion

Peripheral HIC
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String tension

Small black hole

Large black hole
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Holographic model of anisotropic plasma
in magnetic field at nonzero chemical potential

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

. 1
5= [#o v [R foi¢) w2, - f1i¢) #2, - fB4(¢) F2, 26M¢8M¢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 (c, b)
A(z) = — cz2/4 Andreev, Zakharov’06

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

A(z) = —aln(bz? + 1) Li, Yang, Yuan’17
A(2) = —aln((b2% +1)(dz* + 1)) Zhu, Chen, Zhou, Zhang, Huang’25
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Solution for “heavy” quarks for (p — cpgs)z*

Li(2) = p?(2Rgg +cB(gs — 1)) 12(2) (1 _ Ii(2) 12(Zh)>

g(z) = ecn?® |1 3
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Aref’eva et al. Eur.Phys.J.C' 83 12 (2023) arXiv:2305.06345 [hep-th]
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Temporal Wilson loop

ng =cosv, mny =sind, ny, =0

x — collision axes

1
z
Two special cases: ! — oo S ~opw £

e ¥ =0 WL (longitudinal) N

e ¥ =7/2 WT (transversal) the string tension

b(z)eV30(=20) S ; 9o
Tpw =T 9(2) (z v sin”(¥) + cos (19)) o B2 =0
Z=ZDW

Aref’eva, K.R., Slepov PLB 792 (2019) 470 arXiv:1808.05596 [hep-th]
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Temporal Wilson Loops for (p — cpgs)z*-term

d(z,20) = /Z \U/—f |:2(1/ — 1)+ (6Rggv + (2 — 31/)63)1/52 + (;Rgg — % +60(p—cp q3)> Vet 4

1/2
+16Rgg(pchs)u2£6+48(pchs,)%Z’ss] dé, 2 #0

4 s 2, g 2
WLz1: — -Rggz—8(p—cBq3)z" + /- ¢ (2) + —— — =0
3 3 29  zlz=zpwa,
4 2 g v+1
WLzo: — —Rggz—8(p— 3 ~ ¢ = _ =0
T2 3 Rogz = 8(p — cpas)z” + \/; #'(2) + 29 v lemen,
4 2 ov+1
WLz3 : Rggz8(pch3)z3+\/7¢'(z)+g+ cpz =0
3 3 29 vz 2=2DWay
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String tension o(u,T),
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String tension o (7, = const) curves, cg = —0.1
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Conclusion

e String tension for temporal Wilson loop is considered within
HQCD model for heavy quarks with magnetic field.

o Different magnetic anisotropy parameter values in primary
isotropic medium are considered.

e There exists an unstable branch “above” the 1-st order phase
transition.

e String tension weakens in stronger magnetic field gs.

e String tension weakens with magnetic anisotropy parameter
absolute value |cp|.

K.A. Rannu String tension in magnetic field for HQGP 12.08.2025 AQFT-25 13 / 14



What’s next?

o Anisotropy v = 4.5 should be considered.
e Cornell potential calculations.
e Fit and agree with other results.
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What’s next?

o Anisotropy v = 4.5 should be considered.
e Cornell potential calculations.
e Fit and agree with other results.

To be continued. . .

Thank you
for your attention
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