Gaugel/Gravity Games
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Applications

Gauge/Gravity Dudlity has many useful applications:

> Hydrodynamics

> Condensed Matter

> (Cosmology)

> Heavy lon Collisions
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Heavy lon Collisions
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Quark moving through OGP @

Friction coefficient Driving force
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How do we calculate this?

Problem:

> Quark-Gluon Plasma is strongly
coupled: A > 1

Solution:
> Gauge/Gravity Duality!
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Holographic moving quark

Quark (N = 4 SYM) OGP

(D/) Brane

String AdS

hep-th/0605158
hep-th/0605182
T. von Glehn (2007)

Black hole
AdS metric: ds? % (—hdt? + dz?) + 5—5% (hr)=1-%)
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String calculation

> Start with the string action:

S = —Tg/deJ\/—detgab

G |

[> Use the ansatz: z(t,r) = vt + z(r)

. o \/XT2
[> Result:  p=—pup = 2 Mo (T)
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What about mesons?
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: Finit < 2Megt X Finit > 2M et
VAR,
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Collision!

D> Gauge/Gravity Dudlity can also model
coliding nuclei.

D> Describe an ultra-relativistic nucleus travellng in the z
direction with the energy density:

P

RIS (=) o (1))
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Colliding gravitational waves

Pancake-shaped energy densities 1;;

T,Lu/ A Juv

Colliding gravitational waves described by g,
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After collision, thermalize
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The colliding matter

undergoes
— ﬁ/ hydrodynamization
Then
hadronization f'

(Black hole)
Standard techniques 07 2535
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After collision, thermalize

///////

10 T(fm/c)

Standard tec

nucl-th/1307.2539
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Properties of the OGP: Conductivity

[> We can calculate further properties of our (=4 SYM)

OGP, even ones that are hard to test in experiment
(after all, we are theoristsl)

> We can find how it responds to electric fields - its
conductivity.

> To do this, take an electric field, poke it and measure
the response: ~ e F(w)

(Black hole)
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Phase diagram

[> Finding the conductivity was one of the things that
helped in defermining the phase diagram below of a

W =2 SYM) QGP at finite density and temperature.

meson melting

T/M
Erdmenger, Kaminski, Kerner, Rust: arXiv:-0807.2663
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More exotic games

D We saw that a strong chemical potential can turn our
system into a superconductor. What does a strong
magnetic field do?

D It turns out that a magnetic field can do strange things
fo the vacuum of the theory. When strong enough, it
causes p-mesons fo emergel

(Black hole)
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A surprising ground state

D And the p-mesons emerge in a surprising pattern. The
ground state is a triangular Abrikosov latticel

MMM

TAS // // /7]
| > Q Q / <

7( / \
[> It this applies to OCD as well, there is a small chance

that we may see it at the LHC in highly off-center
collisions where very strong magnetic fields are present.

.V\‘Bc
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Recap

With Gauge/Gravity Dudlity, we saw that we can..

[> .make a quark drag through the (A= 4 SYM) OGP,

D .examine the behaviour of a meson in the (M= 4 SYM)
OGP,

[> .make two nuclei collide using a model of colliding
gravifational waves.

> ..calculate the conductivity and phase diagram.

> _explore more exotic effects with magnetic fields

> .and much morel
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Thank youl



