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Holographic model in anisotropic hot dense QGP with external Magnetic Field
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We study the confinement/deconfinement phase diagram within a five-dimensional fully anisotropic holographic model supported by Einstein-
dilaton-three-Maxwell action. One of the Maxwell fields provides the chemical potential, the second Maxwell field represents real spacial
anisotropy of the QGP produced in heavy-ion collisions and the third Maxwell field is related to an external magnetic field. Influence of
the so-called primary anisotropy due to the non-centrality of the heavy-ion collision and secondary anisotropy originating from the external
magnetic field on the phase diagram is considered. Based on recent work [1,2].
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1. Model
This kind of anisotropy (let us mark it as primary

The main goal of holographic the QCD is to describe QCDanisotropy) was systematically studied in previous works
phase diagram, reproducing the results from perturbative thg410-16]. This time we add another type of anisotropy, caused
ory at short distances, and Lattice results at large distancas; a magnetic field, into consideration (Fig. 1a)). Our re-
(~ 1 fm) and smallup [3-5]. The phase diagram depends seacrh is also oriented to the future experiments on heavy-
on quark mass (Fig. 1a), b)) [6, 7]. ion collisions at high values of baryon density such as NICA

In our work we take into account anisotropy to reproduceproject first of all. Therefore, we cannot limit our considera-
energy dependence of the total multiplicity of particles cre-tion with zero or small chemical values. As it is well known,
ated in heavy-ion collisiond(s) ~ s*15°(4) [8]. Introduc-  standard perturbative methods cannot be applied in this case.
ing the the anisotropy parameteasM s) ~ s'/(**2) leads  Holographic duality method and potential reconstruction are
to the valuer ~ 4.5 for the agreement with the experimental the most promising here.
multiplicity data [9]. To describe all the effects we are interested in we take the
| Lagrangian and the metric ansatz in the following form [1]:
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FIGURE 1. Scheme of peripheral HIC a). Qualitative holographic QCD phase diagrams for light b) and heavy c) quarks.

and use the so called “bottom-up appoach” [17-58]. Héﬂ? Fff,) andF,Sf) are the Maxwell tensors providing chemical
potential, primary anisotropy and magnetic field correspondingly,

AD = 4,(2)69, A4(0) = p, Ay(zp) =0,
F =qdy' Ndy®,  F\) =qpdendy’, ©

whose coupling is set by gauge kinetic functiofi$®), f2(¢) and fz(¢); ¢ andV (¢) are the scalar field (dilaton) and its
potential. The boundary condition for the blackening funcgon) is standard, and the scalar field boundary condition has a
significant influence of the string tensietying(7") [15, 16],

As it was already noted, quark mass defines the phase diagrams structure. Schematic phase diagram for light and heavy
guarks are presented in Fig. 1b) and c). The main difference is in the mutual arrangement of the 1-st order phase transition and
a so called crossover. However, we do not introduce the real massive term into the Lagrapdian€ffectively reproduce
these phase diagrams characteristic for heavy or light quarks. For this purpose the form of the watgfactoe>4(*) is
usedj.e. A(z) = — cz?/4 for the in heavy quarks case (b, t) [17] addz) = — a In(b2% + 1) for light quarks case (d, u) [55].

In this work we are interested in the heavy quarks particular case.

Like v € [1;4.5] determines primary anisotropy, the coefficieptparamterizes secondary anisotropy due to the magnetic
field. Here and below we assunmie= ¢g = 1 andc = 0.227.

Deriving the EOM from the Lagragiad) with the metric ansat2j and solving them, we get the result:
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FIGURE 2. Temperaturél'(zy) for differentcs, = 0 (1-st line) and for differenk, cg = —0.001 (2-nd line);v = 1 a),v = 1.5 b),

v=3c¢)andv =4.5d),c = 0.227.
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More detailed discussion of the obtained solution can be  To obtain the full picture we conisder temporal Wilson
found in [1]. Let us note only that théz-behavior requires loops, defined by the following equations:
cg < 0, otherwise NEC is broken.

2 g 2
2. Phase diagram ezt \/;09/(2) o oy, =0 @
The multivalued behavior of the temperature functiof;, ) \/5 J v+l
makes the collapse from small to large black holes possible. —cz+ /= (2)+—— =0, (9
This collapse is interpreted as 1-st order (Hawking-Page-like 3 29 vz le=zpw,
or background) phase transition within the holographic dic- ,
tionary (AdS/CFT-correspondence). In Fig. 2 temperature —cz—&—\/»(b/(z) g v +c¢pz =0. (10)
behavior for various magnetic fields and chemical potentials 3 29 v F=ZDWyy

is presented. To be more precise, we do not actually input I i h ic field aff he Wil |
magnetic field strength or flux density into the EOM, butdealGenera y saying, the magnetic field affects the Wilson loop

with the result of the magnetic field’s impact on the met-transition line the same way.e. lowers temperature, de-
ric, that is expressed by the;-parameter. We see that for creases the chemlca! potentlal interval and shrinks the phase
larger metric deformation due to the external magnetic fieldr@nsition curve. But it is mutual arrangement of the 1-st or-
(larger absolute; values) the temperature function’s mini- der and the Wilson loop curves that we are interested in.
mum becomes smoother and occasionally disappears (Fig. 2, n the primary anisotropic case with small magnetic
1-stline). IfT'(z) is monotonous, no collapse and thereforefiéld we have 1-st order phase transition, switching to
no background phase transition is possible. An increase i€ crossover (defined by Wislon loop line) for >
chemical potential has the same effect on temperature (Fig. 2y (Fig. 3b)). But the crossover temperature decreases
2-nd line) like it was in the absence of magnetic field [10].faster than for the 1-st order transition, that finally gets
Both ¢ ¢it @ndyuc,.i1, for which the multivalued behavior of @bove the crossover and plays no role in the confine-
T(z,) is replaced by a monotonous one, depend on primarynent/deconfinement process any more (Fig. 3d)).
anisotropyv. The more anisotropic media is, the greater ab-  In the most anisotropic case with= 4.5 the 1-st order
solute values ofz andx should be avaliable in phase dia- phase transition replaces the crossover, defined by the Wil-
gram. son loop, at some non-zero chemical potentigl and lasts

Usual free energy investigation allows to obtain the 1-stuntil the endC' E Py, where phase transition returns to the
order phase transition curves (Fig. 3a)) and verify the reasorérossover with the jump (Fig. 3c)). Such a behavior was dis-
ing above. A larger magnetic fielilé. largercp absolute cussed in detail in previous works [10, 11]. If the magnetic
value) shortens the 1-st order (black hole-black hole or BBYield grows, the Wilson loop curve shrinks slower than the 1-
phase transition curves and lowers its temperature. Thus wa order phase transition, whose influence rises, starting from
observe suppression of the phase transition by the magnetinaller chemical potential. Occasionally all the 1-st transi-
field and the inverse magnetic catalysis. Primary anisotropyion line gets under the crossover and determines the con-
(v > 1) prevents this suppression, but lowers the phase trarfinement/deconfinement for all chemical potentials at which
sition temperature even more. it does exist (Fig. 3e)).
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FIGURE 3. 1-st order (BB) phase transitiori¥ 1) for different anisotropy, and magnetic field s a). Phase diagrams fgi-orientation,

i.e. mutual arrangement of 1-st order phase transition (cyan lines) and Wilson loops (green/blue lines)fdn), d) andv = 4.5 ¢), e) in
magnetic field withcr = — 0.005 b), ¢),cs = — 0.0096 d) andcs = — 0.015 €). Solid lines mark actual phase diagram curves and dashed
lines depict non-realised behavier= 0.227 andz;, = 1.
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FIGURE 4. Fitting string tension lattice results (dots with different decorations) [59] wjth= 10 exp(—znr/4) + 0.1 (green curve)u = 0,
v = 1 a). Phase transition temperature for the spatial Wilson |&8ps, b) andiV,y, c) forv = 1 (green curves) and = 4.5 (blue curves)
as a function of: andcp.

Wilson loops consideration gives a string tension as tem- We have found the suppression of the 1-st order phase
perature function. In contrast to the phase transition detransition by a magnetic field, accompanied by the inverse
fined by temporal Wilson loop, string tension does depend omagnetic catalysis. This effect weakens in cases of pri-
scalar field itself, not on its derivative. Therefore the scalamary anisotropy. Though a magnetic field influences the
field boundary conditiond) has an influence on the string crossover, originating from the Wilson loops, in the same way
tension behavior. Search for proper positignallows to fit  (crossover undergoes inverse magnetic catalyses as well), the
experimental data or Lattice results [15, 16]. In Fig. 4a) suchvelocity of the temperature fall differs from the 1-st order
a fitting of Lattice data [59] for, = 10exp(—2;,/4)+0.1is  phase transition and the crossover in primary isotropic and
depicted. primary anisotropic cases. This leads to the opposite dynam-

Spatial Wilson loops for heavy quarks model in a mag-ics of the mutual arrangement changes. kot 1 the 1-st
netic field were also considered [2]. It was shown fororder phase transition shifts up relative to the crossover and
isotropic models ¥ = 1) that the string tension of spa- loses any influence on the confinement/deconfinement transi-
tial Wilson loops is proportional to the corresponding dragtion in the strong magnetic field. For= 4.5 it on the con-
force [60, 61]. This feature is preserved for anisotropic mod4rary dives under the crossover and wins a leading role at low
els [13]. Thus we can estimate energy loss for a quark movehemical potentials and high magnetic field value (Fig. 4b)-
ing in QGP. Phase transitions between two connected string)).
configurations with different values of string tensiofxpy ) We have also shown that drag forces and therefore energy
ando(z,) are presented in Fig. 4b) and c¢). This transitionlosses undergo the phase transition depending on anisotropy
means that the dynamic wall disappeared and the string tetmnd magnetic field as well. In spite of the fact that magnetic
sion can be calculated at horizon only. Phase transition sufield’s influence on different phase transitions is similar, its
faces for primary isotropia{= 1) and anisotropici = 4.5) effect on the final picture of mutual arrangement “1-st order
media can be easily imagined as stretched on green or blyghase transition/crossover” can be considered as the opposite.
curves correspondingly. Light green and blue curves show This investigation is just another step in constructing a
where the phase transitions stop occuring. general holographic picture of confinement/deconfinement
process. We have considered an effective description of the
heavy quarks case, and the light quarks version is to be done.
We have studied phase transitions for the background, tem-
In this work we obtained a 5D holographic model describingPoral and spatial Wilson loops here, but there are some other
anisotropic hot dense QGP in a magnetic field, and studiegharacteristics such as susceptibility, transport coefficients,
the magnetic field influence on the phase diagrieenpn the  direct-photon spectra, jet quenching, thermalization time, etc.
interplay between two types of phase transitions: a 1-st ordefhese properties should also be discussed both for heavy and
phase transition and a crossover. light quarks models.

3. Conclusions
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