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•  Dynamical equations in terms of Wilson loops 
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It is that within the "axiomatic" approach for the construction of the scattering 
matr1x, by the requirement that the theory be "renormalizable," some very 
strong restrwtwns arise on the possible degree of growth of the matrix elements. 

1. INTRODUCTION 

. J N the last five years a lot of attention has been 
devoted to the study of the general structure of 
local quantum field theory. [l-4] A central ques-
tion in these investigations is the problem to what 
extent is the theory determined by only general re-
quirements-relativistic invariance, unitarity and 
completeness of the system of positive energy 
states, locality-and without specific dynamic as-
sumptions, that are made when the theory is con-
structed on the basis of the Hamiltonian approach. 

The basic system of physical assumptions may 
be formulated in various ways. It seems conven-
ient to us to start from the scattering matrix S, 
as was first proposed by Heisenberg, [5] and to 
formulate these physical assumptions as require-
ments that must be satisfied by the matrix ele-
ments of S. In addition to the S matrix it is nec-
essary to introduce into the theory some local op-
erators, since without them different points in 
space-time cannot be distinguished and the causal-
ity requirement cannot be formulated. This can 
be done (cf. [ 4]) by writing the S matrix as an 
expansion in normal products of asymptotic fields: 

co ( i)n \ S = j dx1 • • • dxn <Dn (x1, ..• , Xn) : (jl (x1) ... cp (xn): 
n=O (1) 

and then extending it off the energy shell by remov-
ing the condition 

(0- m2) cp (x) = 0. (2) 

Then Heisenberg local operators can be constructed 
by variational differentiation with respect to the 
fields cp (x ). ' 

A system of basic assumptions of this type has 
been formulated by Bogolyubov [G] for a theory with 
adiabatic switching on and off of the interaction; 
this system, as was shown by Bogolyubov and 

Shirkov, [ 7] gave within the framework of pertur-
bation theory the same results as the conventional 
Lagrangian formulation and renormalization the-
ory. Later this set of assumptions was reformu-
lated and made more precise by Bogolyubov and 
the authors [4] * especially for derivation of dis-
persion relations and spectral representations of 
the Kallen-Lehmann type. We shall refer to this 
approach for the construction of quantum field 
theory, based on the set of fundamental assump-
tions of BMP, Sec. 2, and resting on the methods 
of dispersion theory, as the dispersion approach. 
The significance of the dispersion approach to 
quantum field theory is not restricted to the lim-
ited number of exact results, that have been ob-
tained with its help, but determines a new method 
for the construction of the entire theory. 

In particular, if one attempts to satisfy the fun-
damental conditions of the dispersion approach by 
a formal series expansion in powers of some 
small parameter, then one will, as always in per-
turbation theory, be able to obtain consistently 
one term in the expansion after another. The ad-
vantage over the conventional theory will lie in 
the fact that it will now no longer be necessary 
to resort to the physically unsatisfactory adiabatic 
switching on and off procedure, and one will be 
able to work with only renormalized quantities, 
thus avoiding the meaningless in the modern the-
ory question of the relation between "renormal-
ized" and "unrenormalized" quantities. As was 
recently shown, [BJ the consecutive terms in the 
expansion are determined in this way accurately 
to within a finite number of constants, whose sig-

*To be referred to in the following as BMP. 
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nificance is that of the counter terms in the con-
ventional Hamiltonian approach.* 

The number of such constants is determined by 
the degree of growth of the matrix elements. Given 
the interaction Lagrangian, these degrees of growth 
are determined in a well known manner. It has 
been repeatedly suggested [1, 4] that specifying the 
degree of growth replaces in the dispersion ap-
proach the specification of the Lagrangian. It was 
obvious at the same time, [1•8] that the degree of 
growth could not be specified completely arbitrar-
ily. 

This work is devoted to the clarification of the 
extent of the arbitrariness with which the degree 
of growth of various matrix elements can be spe-
cified. We find, somewhat unexpectedly, that this 
arbitrariness is quite limited, and that for the im-
portant class of "properly renormalizable" the-
ories the degree of growth need not be specified 
as a separate postulate, since it is almost uniquely 
determined by the set of basic assumptions of 
BMP and the transformation properties of the 
fields. 

It turns out that the investigation for the sim-
plest case of a self-interacting spin-zero field 
can be carried out without explicit use of pertur-
bation theory. 

2. EQUATIONS FOR THE MATRIX ELEMENTS 

From the set of basic physical assumptions for-
mulated in BMP one can deduce in a variety of 
ways [9] a system of equations that couple with 
each other generalized vertices with various num-
bers of legs, i.e., matrix elements corresponding 
to various numbers of particles in the initial and 
final states. Since in the derivation of this system 
of equations use is made of the causality condition 
it is necessary, as has been already remarked, to 
consider in addition to the S matrix some kind of 
local Heisenberg operators. A minimum of two 
such operators must be introduced, their signifi-
cance being that of first and second variational 
derivatives of the scattering matrix or, more pre-
cisely, of "radiation operators" (see BMP) of 

*Let us note, by the way, that in the dispersion approach-
and this represents another of its advantages-the origin of 
the counter terms, as well as the reason for the appearance 
of divergences in the conventional theory when {t-functions 
are unjustifiably multiplied by insufficiently regular func-
tions, become particularly clear. Such an operation reduces 
in momentum representation to an application of the integral 
Cauchy formula to a function that does not vanish at infinity 
without taking into account the integral along the large circle 
(cf. discussion in BMP, Sees. 1 & 4). 

first and second order. We then can formulate 
the theory in such a way that all other "legs," ex-
cept for one and two respectively, can be real and 
lie on the energy shell.* 

We thus investigate the matrix elements of two 
Hermitian operators J and J (x) taken between 
states on the energy shell: 
J (Pl> · · · , Pt; ql, · · · , q.) 

= (pl, ... , Pt I J I ql, ... , q.), (3) 

J (xlpl, ... , P1; ql, · · ·, q.) 

= (Pl> · · · , P,\ J (x) I ql , · · · , qs) (4) 
The operator J is simply the Heisenberg current 
operator evaluated at the origin of the coordinate 
system in order to exclude its trivial x-dependence 

J = j (0), .( ) _ • llS S+ 1 X - l ll<p (x) • 

As a consequence of translational invariance its 
matrix elements are related to the matrix ele-
ments j (x 1 ••• p ... ; ... q ... ) of the operator 
j ( x) by the formula 
I (pl, ... , p,; ql, · · · , q.) 

(5) 

= j (xI P1• ... , p,; q1, ..• , q.) exp {- i (1: P; -1: qi) x}. 
(6) 

The second operator, J ( x), is the retarded radia-
tion operator from which again the trivial coordi-
nate dependence has been removed: 

J (x) =- 6i(-i) / 6qJ J+ (x) = J (x). (7) 

Its matrix elements (4) coincide with the functions 
introduced in BMP. Let us note that in fact 

the matrix elements (3) contain one momentum that 
does not lie on the energy shell 

l 
p- Q =!= 0, p (8) 

1 

and the matrix elements (4) contain two such mo-
menta: (8) and the momentum corresponding to the 
explicitly appearing coordinate x. 

It is easy to see that the matrix elements (3) 
and (4) are connected, independently of the causal-
ity condition, by the relationst 
J (p, P1• • • · , p,; ql, · · · , qs) = P ( q1 ) 

. Q2, ••• , q. 
1 

X 6 (p- ql) J (pl> · · • , Pt; q2, · · · • q.)- •; y (2n) • 2po 
x dxJ (xI P1, ... , p,; ql, · · · , q.) 

x exp {i (P+ P-;-Q)x}, (9') 

*The authors are grateful to N. N. Bogolyubov who called 
their attention to the usefulness of such an approach. 

tThe operator P in Eq. (9) is the symmetrization operator 
in the appropriate arguments, as defined by Bogolyubov 
(see[7], §18). 
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Holography	translates	the	physics	of	quantum	many	body		
systems	into	a	dual	classical	gravitational	problem	in	a	
space-time	with	an	extra	dimension.	
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5)	Dependence	on	quark	mass	(RG	coeff.	depend	on	quark	masses)



Starting	point	-	5-dim	background.		5-th	coordinate	-	energy	scale

3)	These	solution	to	classical	Einstein	eqs	(with	matter)	that	have	
the	form	of	deformed	AdS	

4)	QCD	diagram	as	well	as	the	Cornell	potential	at	zero	chemical		
potential	has	to	be	reproduced	lattice	data

2)	It’s	turn	out	that	there	are	solutions	to	5D	classical	Einstein	E.O.M.,	
	that	reproduce	the	QCD	renormgroup	flow		
(Holographic	renormgroup	flow)

1)	We	have	QCD	and	renormgroup	flow	(beta-function)	(in	4D).

• Holography is a new type of phenomenology
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<latexit sha1_base64="S2X7LR4VEBe9ugxm57qDWX/Fr2g=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EixCvZTdKthjQQSPFWwttkvJZrNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0DgWFmHnlvgoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjjpapIrRNJJeqG2BNORO0bZjhtJsoiuOA04dgfD3zH56o0kyKezNJqB/joWARI9hY6bHPbTTE1ZvzQbni1tw50CrxclKBHK1B+asfSpLGVBjCsdY9z02Mn2FlGOF0WuqnmiaYjPGQ9iwVOKbaz+YbT9GZVUIUSWWfMGiu/p7IcKz1JA5sMsZmpJe9mfif10tN1PAzJpLUUEEWH0UpR0ai2fkoZIoSwyeWYKKY3RWREVaYGFtSyZbgLZ+8Sjr1mndRq99dVpqNvI4inMApVMGDK2jCLbSgDQQEPMMrvDnaeXHenY9FtODkM8fwB87nD5YakCs=</latexit>
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<latexit sha1_base64="6xHcvgtAbb4D7CF2XZRursGxN0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKzdt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7VrVu6jWmpeVupvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flNGMuw==</latexit>
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l
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5)	Dependence	on	quark	mass	(RG	coeff.	depend	on	quark	masses)
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Starting	point	-	5-dim	background.		5-th	coordinate	-	energy	scale

3)	These	solution	to	classical	Einstein	eqs	(with	matter)	that	have	
the	form	of	deformed	AdS	

4)	QCD	diagram	as	well	as	the	Cornell	potential	at	zero	chemical		
potential	has	to	be	reproduced	lattice	data

2)	It’s	turn	out	that	there	are	solutions	to	5D	classical	Einstein	E.O.M.,	
	that	reproduce	the	QCD	renormgroup	flow		
(Holographic	renormgroup	flow)

1)	We	have	QCD	and	renormgroup	flow	(beta-function)	(in	4D).

• Holography is a new type of phenomenology
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	The	action	has	to	be	found	by	«trial	and	error	method».What	is	a	«best»	5-dim	background?
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Figure 4. ORIGINAL The subsystem orientation is defined by the Euler angles, �, ✓, 

in respect to the coordinate system related with the HIC , (parallepiped-MIAN.nb)
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23 = (g1a

2
21 + g2a

2
22 + g3a

2
23)(g1a

2
31 + g2a

2
32 + g3a

2
33) (3.15)

� (g1a21a31 + g2a22a32 + g3a23a33)
2

= (a21a23 � a22a31)
2g1g2 + (a31a32 � a21a33)

2g1g3 + (a23a32 � a22a33)
2g2g3

– 10 –

Figure 4. The entangling subsystem is taken as a green slab. Rotating the green slab on

the Euler angles (�, ✓, ) we get the pink slab that is oriented along the axes (x1, x2, x3)

associated with the HIC geometry and shown in Fig.5.
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Figure 5. The orientation of the coordinate system (x1, x2, x3) in respect to colliding ions.
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23)

◆
(3.12)

Or in term of elements of the Euler matrix we get:

det g =

✓
L2bs(z)

z2

◆3 ⇣
g1g2g3 +

⇣
(a21a23 � a22a31)

2g1g2 (3.13)

+ (a31a32 � a21a33)
2g1g3 + (a23a32 � a22a33)

2g2g3

⌘z0 2

g
(3.14)

CHECK (see FulAniz-NG-action.nb )

ḡ22ḡ33 � ḡ2
23 = (g1a

2
21 + g2a

2
22 + g3a

2
23)(g1a

2
31 + g2a

2
32 + g3a

2
33) (3.15)

� (g1a21a31 + g2a22a32 + g3a23a33)
2

= (a21a23 � a22a31)
2g1g2 + (a31a32 � a21a33)

2g1g3 + (a23a32 � a22a33)
2g2g3

– 10 –

Figure 4. The entangling subsystem is taken as a green slab. Rotating the green slab on

the Euler angles (�, ✓, ) we get the pink slab that is oriented along the axes (x1, x2, x3)

associated with the HIC geometry and shown in Fig.5.

x1

x2

x3

1-st ion

magnetic field

2-nd ion

collision line

b

Figure 5. The orientation of the coordinate system (x1, x2, x3) in respect to colliding ions.

xi are spatial coordinates in (2.1), aij(�, ✓, ) are entries of the rotation matrix

M(�, ✓, ) =

0

@
a11(�, ✓, ) a12(�, ✓, ) a13(�, ✓, )

a21(�, ✓, ) a22(�, ✓, ) a23(�, ✓, )

a31(�, ✓, ) a32(�, ✓, ) a33(�, ✓, )

1

A (3.4)

– 11 –
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Schematic picture of 
central HIC
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2

potentials in the dual gravitational theory. This free-
dom in the exponents z and ✓ is to be contrasted with
the top-down constructions from IIB supergravity [3, 4]
where one obtains a Lifshitz-like IR theory with a fixed
dynamical exponent z = 3/2. The models we construct
here therefore opens ground for richer phenomenological
applications in strongly interacting plasma physics.

After describing the holographic Einstein-Axion-
Dilaton theory and presenting the background solutions
in the next section, we present the scaling solutions one
obtains at the end of the RG flow in section 3 and work
out the thermodynamics of the corresponding plasma in
section 4. Finally in section 5 we compute the anisotropic
shear viscosity and the butterfly velocities as functions of
temperature in these scaling solutions and provide a dis-
cussion and outlook of our findings in section 6.

2. Holographic setup. The gravitational theory dual
to our anisotropic field theory is defined by the Einstein-
Axion-Dilaton action with generic potentials V and Z for
the dilaton field � that determine the dilaton potential
energy and the coupling to the axion field �:

S =
1

22

Z
d5x

p
�g [R+ LM ] , (1)

LM = �
1

2
(@�)2 + V (�)�

1

2
Z(�)(@�)2. (2)

Crucially, the ansatz with axion linear in one of the field
theory directions, x3

ds2 = e2A(r)


�f(r)dt2 + d~x2

? + e2h(r)dx2
3 +

dr2

f(r)

�
, (3)

� = �(r), � = a x3, (4)

automatically satisfies the equations of motion and
breaks isotropy while preserving translation invariance.
The solution is asymptotically AdS near the boundary
r ! 0 where A ! � log r, f ! 1, h ! 0 and � ! j r4��.
This solution generally corresponds to a non-conformal
gauge theory whose IR dynamics dominated by the stress
tensor Tµ⌫ dual to the metric and a scalar operator
O ⇠ TrF 2, similar to the scalar glueball operator in QCD
(when it is marginal), here dual to the field �. We call the
source of this operator j. The theory is in turn deformed
by a space-dependent theta term Õ ⇠ ✓(x3)TrF ^F dual
to the field �. The 5D Einstein-Axion-Dilaton theory can
be realized in terms of D3/D7 branes in IIB string theory
when V = 12 and Z = e2� [3–5]. In this case the underly-
ing field theory is conformal. We are however interested
in non-conformal, in particular confining gauge theories
that follow from a more generic choice of the potentials
V and Z [20, 21]. A choice of the form [22, 23]

V (�) = 12 cosh(��) + b�2, Z(�) = e2��, (5)

with b ⌘
�(4��)

2 � 6�2, corresponds to a gauge theory

with a scalar operator of scaling dimension � that con-
fines color in the vacuum state for � �

p
2/3 [21].

We first observe that the holographic version of the c-
theorem [24] in QFT (or rather the “a-theorem” in 4D
[25]) has a natural generalization in the anisotropic holo-
graphic theories. Introducing the domain-wall coordinate
du = exp(A(r))dr in (3) we find that

d

du

⇢✓
dA

du
+

1

3

dh

du

◆
e

h
3

�
< 0 , (6)

which follows directly from the Einstein’s equations for
the ansatz (3). The expression inside the curly brackets
is monotonically decreasing. Note that this quantity re-
duces to dA/du in the isotropic limit h ! 0, which is
indeed the holographic analog of the a-function [24].

3. Scaling solutions in the IR. The RG energy scale
of the dual QFT in the ground state is determined by
the scale factor A of the metric (3) in gauge-gravity du-
ality [26], which exhibits a non-trivial dependence on the
holographic coordinate r when the potentials V and Z
are not constant. The IR region r ! 1 corresponds to
small values of exp(A) where the dilaton grows [27] mono-
tonically [20]. In this limit V ⇠ 6 e�� for � � 0. Let us
focus on the case when the operator O is marginal, hence
� = 4 [28]. Here, and throughout the paper we set the
source for this operator j = 0 in the marginal case. We
can derive the following scaling solutions in the IR limit
r � 1/a [29],

ds2 = L̃2(ar)2✓/3z

�dt2 + d~x2

? + dr2

a2r2
+

c1 dx2
3

(ar)2/z

�
, (7)

� = c2 log(ar), (8)

where L̃, c1 and c2 are constants depending on z and ✓,
which are given in terms of � and � as

z =
4�2

� 3�2 + 2

2�(2� � 3�)
, ✓ =

3�

2�
. (9)

For ✓ = 0 the solution exhibits a Lifshitz-like scaling

t ! �t, ~x? ! �~x?, r ! �r, x3 ! �
1
z x3 . (10)

For ✓ 6= 0, the metric (7) has the hyperscaling violation
property and transforms covariantly under (10) as

ds ! �✓/3zds . (11)

When the IR theory is connected to a heat bath, one ob-
tains the finite temperature version of the scaling metric,
which is now a black-brane with blackening factor

f(r) = 1�

✓
r

rH

◆3+(1�✓)/z

, (12)

where rH is the location of the horizon. The black-brane

additional fields, the tachyon ⌧ , dual to the quark bilinear operator q̄q, and the field strength
Vµ⌫ “ BµV⌫ ´ B⌫Vµ. The presence of the tachyon is crucial to our model since it serves as an
order parameter for chiral symmetry breaking [23], whereas the field strength will be used to
introduce a boundary magnetic field B.

Considering the above, we take the following ansatz for the metric and bulk fields:

ds
2 “ e

2Aprq
„

´fprqdt2 ` dx
2
1 ` e

2Uprq
dx

2
2 ` e

2W prq
dx

2
3 ` dr

2

fprq

⇢
, (2.4)

� “ �prq , ⌧ “ ⌧prq . (2.5)

The gauge field is chosen such that it generates an external magnetic field in the x3 direction
at the boundary:

Vµ “ p0,´x2B{2, x1B{2, 0, 0q . (2.6)

Notice that we did not introduce flavor dependence in the action (2.3): we only have a single
type of quark flavors and all quarks have the same mass. Therefore the magnetic field couples
in the same way to all flavors, i.e., it couples to the baryon number rather than the electric
charge. For the field � we consider two qualitatively different options:1

� “ �k ” a x3 or � “ �K ” a x2 . (2.7)

This ansatz automatically satisfies the equations of motion for the axion � and the gauge
field Vµ, while introducing anisotropy in the x3 direction (in the parallel case � “ �k) or both
in the x2 and x3 directions (in the perpendicular case � “ �K). The amount of anisotropy is
controlled by the parameters a and B. The metric functions W and U , on the other hand,
codify the dependence of the anisotropy along the RG flow. For a detailed account of the
non-trivial equations of motion see Appendix A.1.

2.2 Choice of potentials

Constraints to the potential functions and couplings in the action from various sources have
been discussed in detail in earlier literature [19–21, 26–32]. In the current study, the coupling
Zp�q between the dilaton and the axion is taken from [29, 33] while the other potentials Vgp�q,
Vf p�, ⌧q, p�q and wp�q are taken from [30, 34, 35]. We work at xf “ Nf{Nc “ 1 in this
article, corresponding roughly to Nf “ 3 dynamical light quarks at Nc “ 3. The potentials
are given explicitly in Appendix A.2; we comment here on their general properties.

We require generic agreement with qualitative features of QCD such as asymptotic free-
dom, confinement, and linear meson trajectories. That is, at the boundary (UV) we require
that � Ñ 0 (asymptotic freedom) and ⌧ Ñ 0 for all solutions, which is obtained simply if near

1The most general case would be � “ a sinp✓qx2 ` a cosp✓qx3 ” a2x2 ` a3x3. However, this generates an
off-diagonal term in the Einstein equations, requiring a non-diagonal metric ansatz. We will therefore focus
on the two cases above, i.e., parallel and perpendicular to the magnetic field, for simplicity.

– 6 –

Gursoy,	Jarvinen,	Nijs,Pedraza,	
2011.09474	
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Thermalization in D                     BH formation in D+1

Thermalization $ Black hole creation in AdS

Within AdS/CFT correspondence thermalization $ black hole creation in
AdS

ε/ρ

zρ

tρ

4

• There is a possibility to check in d=2 case

We focus on the case d = 2.

Irina Aref’eva Thermalization after holographic bilocal quench TH, 2018 10 / 44

D=2	example

Introduction

Thermalization in a quantum system is a major theoretical challenge.
It is involved in many problems of physics (and not only) which involve
initial states which are out of equilibrium:

- Early Universe

- Heavy ion collisions

- Dynamics of cold atomic gas

- XRay Laser, etc.

Irina Aref’eva Thermalization after holographic bilocal quench TH, 2018 2 / 44

Yaffe	et	al

Vaiday	

Compare	with	W.	Heisenberg,	“Production	of	mesons	as		
a	shockwave	problem,”	Zeit.Phys.	133	(1952)	65.
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The bulk dual of the bilocal quench

• We interpret an injection of massless
particles from the boundary as local
excitations in the boundary CFT2

• We are interested in thermalization )
we study the case when the colliding
particles produce a black hole.

Irina Aref’eva Thermalization after holographic bilocal quench TH, 2018 11 / 44

Quenches in CFT
CFT is a convenient arena to study quench dynamics (Cardy, Calabrese ’05).

• Global quench - excites every point of the circle uniformly in the
initial state - popular setup for studies thermalization:
Balasubramanian et. al., Lopez et. al.; Liu et. al.; Hartman et. al.; Mezei,

Stanford; I.A., Ageev and many others

• Local quench: excites a point of the circle in the initial state
• bilocal quench: excite two antipodal points of the circle in the

initial state - our work

Bilocal quench

A local quench by a hammer
Irina Aref’eva Thermalization after holographic bilocal quench TH, 2018 7 / 44

Thermalization	after	holographic	bilocal	quench I.A.,	Khramtsov,	
Tikhanovskaya	
JHEP09(2017)115	
D.Ageev,I.A.	
JHEP 03 (2018) 103
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Heavy Quarks and Light Quarks Plots for Dubna RFBR 2020

A B C

Figure 1. Temperature as function of horizon for di↵erent µ in isotropic model for heavy

(A) and light (B) quarks without magnetic field and with magnetic field (C), cB = � 0.001,

in the isotropic case, ⌫ = 1 (first line) and anisotropic case, ⌫ = 4.5 (second line).
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Figure 2. Temperature as function of horizon for di↵erent µ in isotropic model for heavy

(A) and light (B) quarks without magnetic field and with magnetic field (C), cB = � 0.005,

in the isotropic case, ⌫ = 1 (first line) and anisotropic case, ⌫ = 4.5 (second line).
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(A) and light (B) quarks without magnetic field and with magnetic field (C), cB = � 0.001,

in the isotropic case, ⌫ = 1 (first line) and anisotropic case, ⌫ = 4.5 (second line).
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Conclusion

Holographic	models	are	some	kind	of	phenomenological	models		
with	few	number	of	parameters

We	have	considered	the	anizotropic		HQCD	models	that		
describe:	
multiplicity,	quark	confinement;	

predict:	
						smothering	of	transition	lines	between	confinement/	
deconfinement	phases	
					anisotropy	parameter	dependence	of	locations	of	phase	
transitions	in	(T,chemical	potential,	magnetic	field)-plane	
					inverse	magnetic	catalyse	
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Thank	you!


