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Heavy-ion collisions

STAR at RHIC; LHC

@ Quark gluon plasma formation 7 ~ 0.1fm/c
@ Spatial anisotropy with 7js, ~ 2fm/c

@ Strongly correlated system = Non-perturbative methods

M. Strickland, 1312.2285 [hep-ph]
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AdS/CFT correspondence

J.Maldacena, D.Witten, S.Gubser and others

AdS/CFT correspondence —>

_ 1
s — 4rx
G.Policastro, D.Son, A.Starinets, PRL '01

Pavel Slepov (MI RAS) Holographic Entanglement Entropy

QFTHEP'2019 4 /22



N
Motivation

Purpose: study of the QCD phase diagram as a function of
temperature T and chemical potential x4 in the anisotropic
background

Multiplicity M oc s332  vs = M o< s

LHC

M x s%ﬁ, v =45 | Aref’eva, A.Golubtsova, JHEP '14
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Formulation of the problem

It is natural to expect, that the phase transition depends on the
orientation of the quark pair relative to the anisotropy axis.

Anisotropy axis in the QGP created in the HIC is defined by the axes
of ions collisions.

Confinement/deconfinement phase transition line depends on the
angle 6 between quarks’ line and heavy ions collisions line.

\o
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Action and metric ansatz
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B(x) = Zm | Aref'eva, K.Rannu, JHEP '18
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Thermodynamics (temperature)
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Thermodynamics (free energy)
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Temporal Wilson loop

W([Cy] = et f.  ny=cosd, n,=siny

S—— 2m/d§M (ONWF(2()) + (2/(

M(z(e) = o)

Let us introduce the effective potential:
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Phase diagram using Wilson loop angular parametrization
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Phase diagram using Wilson loop angular parametrization
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-
Entanglement Entropy

Quantum system is described by |W) in a Hilbert space H. For multiple
degrees of freedom

H=HsQHzs

(O) = (V|O|V) =Tr[p- O], p=|¥)(V|— density matrix

The reduced density matrix pa for the subsystem A by tracing out with
respect to Hpg by

pa = Trg[p]

The entanglement entropy is defined as the von-Neumann entropy for pa

Sa = —Trlpalogpa]
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-
Holographic Entanglement Entropy (HEE)

Area law proposition S.Ryu, T.Takayanagi, PRL '06

S Area of yp
A= T
4GI(Vd+2)

where 74 is the d dimensional static minimal surface in AdS4,2 whose
boundary is given by JA.

/‘ (We omit the time direction. )

CFT(H]
VA
AdS
B d+2
/‘ -
z>a (UV cut off)
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|
HEE and phase transition

@ Entanglement as a Probe of Confinement
[.Klebanov, D.Kutasov, A.Murugan 0709.2140,
A.Lewkowycz 1204.0588

@ Isotropic model
S.He, S-Y.Wu, Y.Yang, P-H.Yuan 1301.0385,
D.Dudal and S.Mahapatra 1708.0699

@ Wilson loops in anisotropic model
D.Ageev, |.Aref’eva, A.Golubtsova, E.Gourgoulhon, NPB '17
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Schematic picture of two ions collisions
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Subsystem A,yy cut out along x-direction:

X € [07 ‘IX‘ << LX]a e [07 Ly1]7 2 € [07 LYQ]

S — Axvy _/Z* 3/2(2) z"?
xYY — 0

= ——— 214+ ——d
LY1L)/2 Z+2/v +g(z) *

bS(Z, V) = eCZ2/2+\/g¢(zvzh7V)

Subsystem A,xy cut out along y;-direction (which is equivalent to y»):

X € [07 Lx]a e [07 “y1’ << LY1]7 Y2 € [07 Lyz]
Z% 3/2( 12
B s “(2) z
Syxy = /o Z1t2/v \/1 T g(z) 222V dx

14
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2o f

Bl-action:
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Renormalization

For xYY case and 1 < v < 1.67 we have to perform renormalization (just one
substraction):

Zy 3/2 3/2 2z, 3/2
%’SXYY,ren = / dz bs (Z) 1 _ 5 aS(Z) =+ / s as(z) dz

zl+2/1/ 2 (22) zl+2/y 1+2/1/
g(Z)(l - foyjy(z) )

For xYY case and v > 1.67 we have an integrable singularity

For yXY case and v > 1 we have nonintegrable singularity and have to perform
renormalization (just one substraction):

z 3/2 p3/2 ze p3/2
18 _ ) dz bs (Z) 1 _ sas(z) + * sas(z) dz
o OyXYren = 22+1/v V2 (o) 22+1/v Z2+1/v
‘ g(2)(1 - 325)
VyXV(Z)
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-
HEE dependence on length

Syxy,u=0.2 Seyy,p=0.2

— v=457T=0269
— v=3,T=0269
Vv=45T=04

e v=3,T=04

— v=3,T=0.269
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HEE dependence on temperature

Log[Skvy] Log[-Syxv]

1
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N
HEE density for different angles (6 = 0°,30°, 45° 60°, 90°)

n = Vivy(z:) = Vixy(z:) = Voy(z)
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Results

@ Holographic entanglement entropy (HEE) was investigated for
subsystems with arbitrary spatial orientation

@ The expressions of HEE were renormalized
@ Density of HEE was calculated

@ The dependence of HEE and its density on temperature and
characteristic length were studied

o MAIN OPEN QUESTION: how to measure the HEE?

Thank you for your attention!
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