External Fields and the

Dynamics of Haurs in Holograhic Duals
of
Large N Gaugéheories

Arnab Kundu
University of Southern Caltifrnia

Based on wrk with
TameemAlbashyeselin GFiley, CliffordV. bhnson
hep-th/060508&rxiv:0709.1544rxiv:0709.1554rxiv:0803.0038
+ work in progress ...

Strings & GaugéheoriesWorkshop MCTP 2008




Motivation & Outline

¥Strongly coupled large N gauge thepwith Raours

dynamics of fundamental piates,e.g.quarks
response to external parametease diagram
seek at least qualitaBwniwersal €atures

¥Flavour branes ilAdS-backgund

probing ly D7-brane
the meson melting phase transition
dynamics of Raurs in external Peldhe phase structu

¥Ply the same game elsbere




The type 1IB SUGRA Model

String theoy on  AdSs ! 185 N = 4 superYang-Mills
b

isometry: SO(4, 2)’ SO(6) supeconprmal,global R-symmeyr
Adjoint Pelds: A, 4! , 6"

Addition ofNs D7-brane Addition of N = 2 hypernultiplet

SO6)! SO4)" SO(2) SO(2) ! U(1)
chiral symmety

breaking ofSO(2) breaking OIE éléagzeris&)tatlon of

Pnite temperatue

AdS-BH geomeyr (broken SUSY)




AdS-Schwarzschild:
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Euclideanize:
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The Embedding Solutions

Two kindsblackhole and Mirgwski

Babbington etal,Myers et.al,Karch et.al Albash etal



The Phase Transition

At Pnite temperatue the D7-brane has topolgg R* x S3 x S

euclidean time

| S°

Competition between S® ands! => phase transition

Embedling of D7 describedybl (u) o Condensate

im L(u) = m+ — + ...

u’ \ U
guark mass

brst order phase transition at a critical value
bare quark mass

Babbington etal,Myers et.al,Karch et.al Albash etal



Key Features of theTransition

¥ We ar alvays in the deconbPned phase

low T: probes end befre the horizon
highT: probes fall into the blackhole

¥ Study of meson spectrunoif the two cases

Minkowski embedingsdisciete spectrum of stable mesons
blackhole embeatingsexistence of quasinormalgguency
meson melting

Babbington etal,Myers et.al,Karch et.al,Hoyos et.al Albash etal and mawn others ...



Introducing External Fields

Add a pue gauge B-peld ®dS backgrund Filev et.al

By = Hdx?! dx’
/

external magnetic Peld

The backgound does not change

The probe brane couples thruO the DBI acti@w, + 2! " ‘Fap

Equivalent to excite a gauge beld on thelgw worldvolume

Az = HX®




The Fate of the Embeddings

Useful variable changes:

T

I = r cos" ,

12+ L2

L=rsin"

Dimensionless variables inttuced:

C=1Ll/b,

=1/b




Back to the Melting Transition
Bebre switching on the magnetic peld
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horiz@n Now dial up the knob ...




Looking at the Transition

Only Minlowski embedings
are available




Key Features of theTransition

¥ Magnetic beld competes with the temperagur

beyond the critical beld thex is no melting transition
chiral symmety is spontaneousglbroken

Albash etal,Erdmenger etal

¥At high enough magnetic belawecover zero temperatue
behaiour

Filer et.al




Summarising the Phase Structure

Light Mesons

- Melted Mesons

non-broken CS spontanecusly broken CS

2 4 10 12

1

Albash etal



Introducing an Electric Field

Consider exciting ppropriate gauge beld on theontd-volume  Karch & 00 Banno
of the probe

Ai(r)="1 Et+ B(r)

external electric bpeld

Also turns on a curent,which is the normalisable mode &i(7)
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Useful variable changes:

- b
WAl B =124+ |2 r=0br B(r)= 27TO/B(?‘Z*)
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The Fate of the Embeddings

The case of vanishing temperatutifferent types of embedings exist

Albash etal,Edmenger et a



Three Different Types

(I) smooth (1) singular (excess angle)

(i) Minkowski embedings age present as beifre

we look at the behaour of the condensate




Looking at the Phase Transition

fr*=1.242
05 N

There exists a transition mediated/lthe electric Peldeen at zep temperatue

Albash etal,Erdmenger etal



Key Features of theTransition

Minkowski embeding at large ba& quark masdfiound mesons and vanishin
current

l

Non-Minkowski embeding at small ba quark masguarks liberated and non
zero current

A strong electric Peld dissociates the mesons into constituent quarks anesc
the curent

Caveat:the presence of singular solutions is nogNvunderstood




Cranking up the Temperature
Embedlings can be classibed intoalrdiferent categries as bedre

There exists a similar phase transition

14880 14885 14800 14895 16660

At non-zeio temperatue the singular solutions can bggassed Y the
dissociation temperat




Summarising the Phase Structure

Melted meson

Stablemeson




The type IIA SUGRA Model (the Sakai-Sugimoto model)

Nc D4-branes wraped on a cicle

Addition of N ; D8-brane--
antibrane with

Ns!l N,

Colour and RRgour branes intersect

Flarour branes localized on the cle

(4+1)-dimSU(N¢) Yang-Mills
global

U(N¢)L ! U(N¢)r
symmety

(chiral symmety in massless QCD)

No bare quark mass

quarks lie in (3+1)-dim




The Embedding Solutions

Low temperatue phase: High temperatue phase:
backgound geomety has cigar backgound geomety has cigar
shape in {u,!} - plane shape in{u,tg} - plane

11/ 2

radius of the spatial @le, R! U, |12

backgound temperatue, T ! U;




Pattern of Chiral Symmetry Breaking

p—y}

<}:| Low temperatue backgound
(conbPned)

! :compact spatial daction

U(Nt)L ! U(Ng)r ™ U(Nf )diag

High temperatue backgound :{>
(deconbPned)

First order phase transition:

chiral symmety broken

\ 1
chiral symmety restored




External Fielddgain

As bebre: B(Z) = H dX2 ' dX3

Conbned or lav temperatue phasefrivial,chiral symmety alvays bioken
topology rules,and magnetic peld

helps

DeconbPned or high temperatamphase:non-trivial temperatue and magnetic
beld competes

Phase diagram e by: 1 Expectation:
Ter ! T(H )E critical temperatue should

Increase




The Fate of the Embeddings
u

High temperatue phase:

unchanged

HEC
H=20




The Phase Structure

Enery decides the faoured embeding
Critical surface is described/bAS = C

Y5 Restored Melted phase

Mesonic phase

Bergman etal,.bhnson etal



Summay and Conclusion

¥ Phase structw is inteesting in an external peld

magnetic catgbis in chiral symmejyrbreaking

electric beld drigs a [3@our current;hence conductivity
Interesting meson spectrurthermodynamic obsefmables

¥ Always moe to do

an uniersal understandingdm geomety
revise the singular solutions

going begond the piobe limit...

a more realistic model of QCD.

Thank ypu!!




