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Why Time-Dependence?

> system in equilibrium
> non-dynamical, stationary

> late-time state of a generic system

> time-dependent processes

> perturbative methods, Linear Response Theory H — H + Hp.ry

> coarse-grained view of the system, low energy effective description,
Hydrodynamics, Universal features

> lack of adequate techniques for strongly correlated condensed matter
theories, quark-gluon plasma

> Focus on field theories with holographic dual. Two dual theories are just
different descriptions of the same physical system.



Thermalization in QGP

Collision of two heavy nuclei (Gold or Lead) at the relativistic speed

Production of an Anisotropic Plasma

Hydrodynamics applies after a very short time-scale, 1 fm
Far-from-equilibrium effects at the early stages of QGP production

Strongly Coupled Plasma Shuryak, 2004; 2005

Presence of a magnetic field at the early stages of QGP production
Kharzeev, McLerran, Warringa, 2008

hadronic gas

: |, described
mixed phase by hydrodynamics
QGP

pre-equilibrium stage




Holography:

type IIB string

theory on N=4 su(N)
Conformal SYM
Ang, X 55
R4
— = dmg.N = g3y N = A >>1 Strong/Weak

8%

Duality

Strongly Coupled CFT

"——"’ Classical Gravity on Asymptotically
AdS Space-time

The dual gravitational description of a strongly coupled gauge theory provides an
efficient way to study the thermodynamic properties of gauge theories.

Correspondence both in static and dynamical situations: time-dependence on the
boundary manifested by time-dependence in the bulk



Holographic Mesons

Flavour added to the gauge theory by introducing probe  D3-branes D7-branes
D7-branes in the bulk A. Karch and E. Katz, 2002 L
| <« >
Fluctuations of the fields on the brane produce the .
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Non-Zero Magnetic Field:

Erdmenger, Meyers, Shock, 2007
Filev, Johnson, Rashkov,Viswanathan, 2007
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Time-Dependent Set-Up

for zero magnetic field: Ishii, Kinoshita, Murata, Tanahashi; 2014

- Thermalization in the field theory is dual
AdS'Valdya BaCkg round to black hole formation in gravity.
ds®> = GyndzMdz? = 2—12 [—F(V,2)dV? — 2dVdz + dZ3] + d¢* + cos® ¢ dQ3 + sin® ¢ dip”

F(V,2)=1—-M(V)z*

-~

- "f =
Boundary Time| 4~ 0 V<o, Period of the
M(V) = Mf % [1 — COS(%)] O0<SV LAY, —» Energy
1 V > AV, : :
, Injection
rp = Mfz

Freedom to choose eight world-volume coordinates

(€%,...,€") = (43, ) V =V(u,v), z=2Z(u,v), ¢=>P(u,v), =0
(€7, = (u,iv)
b4 _ P(uw Ives the shape
Null Coordinate on the V(u,v) = ZEum% - 3 of the brans
Probe Brane — T




Constraint equations FV2 4+ 27,V, - Z2(Z9)%, =0
to keep u,v null FVi 422V~ Z*(Z9)%, =0

3P 1
S = — 14V, Vs / dudv—= \/ + (27!)2B2 (FV.,Vy + VuZoy + Z.u Vi — 723, @)

Z3 Z4

equations of motion:

ZBf 3 1 FB
Vi = =55 (Z20) u(29) 0 + 5 tan(Z0)[(Z9) u Vo + (29) V] + 5 (F,z - 7) VaVo,
FZBf F
Z oy = — 5, (Z0) o (Z0) , + gtan(Z\If)[(Z\Il)’uZ’v +(Z29) o Z ] + %Zjuzﬂ, — %Vjuvm
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Vo = (25 ) (292w, - PRI 20 2, 4 (29,02,
v FBy 3tan(Z0) UB UFy
+ ﬁ (EZ - 7 + 72 ) (F‘/,u‘/,v + ‘/:uZ,v + ‘/,UZ,u) - 72 Z,uZ,v + YA ‘/,u‘/,v

2
Bf =1+
! 1+ (27’ )2Z4 B2
2
By =3+

1+ (27a/)2Z4B?

t V(V,Z)|z0 =m(V) + (c(V) + m(;/) ) Z7+ ..
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Second order, nonlinear partial differential equations: We use
finite difference method to solve them.

Rescaling the parameters to have m=1.

Boundary and Initial Conditions:

Boundary Condition

at the AdS Boundary, Boundary condition

at the Pole, ME

ME and BE
Clu=v+z =3 . :
Zly=y =0 Initial data is the
Z,u — 4w a a
Uly=y =m static solution to the
‘/,u — Vo
Vo(t) = Vs e.o.ms for pure AdS
] with non-zero
v 0) = 22 = magnetic field.

Z,uv|u:v =0
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Minkowski Embedding: Black Hole Embedding:

If the corresponding mass of the If the corresponding mass of the
initial ME configuration is much Initial ME configuration is less
larger than the final temperature than the final temperature of the
of the system: m system: m

T > 1 T <1

AvA

0.015 B0.56446 — ool B=0.56446 ——
0.010 B=00 --- _0:04 I B=00 ----
0.005 I ! /\" A /\,ﬂ‘ ,"l‘ ~0.06 |
1 I\ "|| vy :", S -008[
0 /\' /\| /.'\‘\ x /'X {"’\ ‘ l ° _o10f
AU :\)‘\;\/
-0.005 v\ |"|' \' 7
-0.010 ' ’ -0.16
o 5 10 15 20 o 1 2 s 4 5 & 7 8
Vv V
No Dissipation and thus AV — 1.0
Oscillatory Behavior _
rn = 1.25
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Overeager:

If the corresponding mass of the initial ME configuration is m o1
larger but close to the final temperature of the system, T
provided that the time-scale of the change in the AV < 1
temperature is small: Ishii, Kinoshita, Murata, Tanahashi; 2014
Brane
Reconnection
0.65 14l
0.60 | 1.2 \’”_“-'—_
0.55 | _or
< Q 08f
G 050y = 06| V=5.5——
0.45 ¢ 0.4t V=15-—---
0.40 | 0.2¢ AV =0.5
o 1 2 3 4 5 6 7 ’ 20025 B = 1.87140
v p
ry, = 1.25

13



~0.05}
© _o10t

-015

B=0.0

0.65
0.60 |
0.55 |
>
S 0.50 |
0.45 |

0.40 r

B=1.87140

0.05

S -0.05¢

-0.10

B=0.43264

36
3.4+

>

T 32¢f
3.0

28

B=5.22375

14

BE
changes to
ME by
Increasing
the
magnetic
filed.

AV =0.5
r, = 1.25



Power Spectrum of ¢(V)-¢,, for the ME:

107° ¢

10—6 L

- 10—7 L

x
1 M-,

10 10 =
0 5 10

w

Bound-States obtained from
ME c(V) Power Spectrum

The Fourier transform of the
oscillations of ¢(V) has
discrete spectrum.

Stable Modes B=0 B = 0.56446

w1 2.82052 3.04731
W2 4.83518 5.18042
w3 6.84984 7.21553

In the presence of magnetic field,

mesons are more resistant to melting.
R = eestEnesERA—

AV =1.0
rn = 1.25
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Equilibration Time:

(V) — Ceq

(V) =

c(V)

-0.05 |

-0.15

B=0.0
B=0.3137
B=0.5645
B=0.7129
B=0.7946

-0.20

0.08

0.02

Equilibration happens later

16

satisfies:
and for the time afterwards.

IS defined as the time which

e(V.q) < 0.003

B Veq

0.0 3.27834
0.3137 3.33708
0.5645 3.49866
0.7129 4.8057
0.7946 5.15314

as the magnetic field is

increased.

Ali-Akbari, Ebrahim, 2013

AV =1.0
rn = 1.25



Summary and Future Direction:

Mesons melt at higher temperatures due to the presence of magnetic
field.

The time-dependent system equilibrates later at non-zero magnetic
field.

studying the effect of anisotropy by having a time-dependent
anisotropic background

guark-antiquark bound-state (potential) on the time-dependent
background

looking for universal behaviour at very small energy injection time-
scale

17



“Thank you”
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