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N = 4 Thermodynamics from Nonextremal
D3 branes Pre AdS/CFT
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Hawking-Page transition

Hawking,Page; Witten
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The Hard wall model: Hard IR cutoff

@ Motivated by a criterion for confinement in

gauge/gravity
@ Explained power law behavior in DIS from strings Modet
(Polchinski-Strassler) .

@ Hadronic spectrum (Brodsky-Teramond)
@ AdS/QCD
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Jump in the number of degrees of freedom

Gz DRL ~ g?a’t (2)
The Hard Wall
1 H2 Model
e 2Ta 2 )
r ] ,,{J
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From these energies we calculate the entropies as
S =3(E) +logZ ~ 3(F) — L and find

Sags = 0 ~ N° (T < T (4)
i R3 73 2 N2

Spy = — T — & T = Te).
BH ac: > (T >Tc). (9)

Pirsa: 07050072




Hawking-Page transition

Hawking,Page; Witten

1 ' =
[ = —5> [ &xyg(R - A)
21“"-w J MM .
1 £
on — shell = 5 d’x\/g N\
) J M

@ Fixing the same temperature
II ‘2 U_‘4J[

\/ "2 =l =

3{\( _|_1_7th

|1 r |
27(; l,.m‘III_f'lx([ fs..l".t.('r'm'ff,r) = I__}_.rf'}_-{(f'f””_r))

Qa(R?r3 —r3)
4(.‘;(4;‘-1 + 2R2

IIIII

") Inflnlte N

Confinement/de
and Hawking-Pay
transition




The Hard wall model: Hard IR cutoff

@ Motivated by a criterion for confinement in

gauge/gravity
@ Explained power law behavior in DIS from strings —
(Polchinski-Strassler)

@ Hadronic spectrum (Brodsky-Teramond)

@ AdS/QCD
Herzog; Ballon, Boschi-Filheo,Braga, LPZ; Hajantie, Tahkokallio, Yee
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The Hard wall model: Hard IR cutoff

@ Motivated by a criterion for confinement in

gauge/gravity
@ Explained power law behavior in DIS from strings -
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Jump in the number of degrees of freedom

~ ’)
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The Hard Wall
Model
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Problems

The Hard Wall
Model

@ Consistent reductions

@ The role of 3-form fluxes in the 5-d action, since A
comes from the 5-form in 10-d

@ Is this toy computation true for the honest solutions?
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Jump in the number of degrees of freedom
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Problems

The Hard Wall
Model

@ Consistent reductions

@ The role of 3-form fluxes in the 5-d action, since A
comes from the 5-form in 10-d

@ Is this toy computation true for the honest solutions?
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Review of the KS background

@ Dual to NV = 1 supersymmetric
SU(N + M) x SU(N) gauge theory.

@ Incoporates logarithmic running of the couplings

@ The theory confines in the IR
The

@ Chiral symmetry breaking Klebanov-Strass
Maodel

@ There is an explicit |IB supergravity background:
Garn, Ha, F3, Fx
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The Ansatz

Buchel; Buchel,Herzog, Elebanowv,

Metric

PZ, Tsevtlin; GHEIT; PZ, Terrero-—Escalante
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p-form fields
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The Ansatz

Buchel; Buchel,Herzog, EKlebanov, PZ, TIsevtlin; GHEI; PZ, Terrero-Escalante

Metric
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Calibrating the method

Metric functions (z. x.y, w) and matter functions (f. /. )

@ Klebanov-Witten

The blown up conifold
Non-extremal D3 branes: Singular and Regular Finite Temperatu
Klebanov-Tseytlin

A singular generalization of KT

Perturbative solution with varying flux around
nonextremal D3

Generalization o
Klebanov- Tseytli
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Constrain
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The Ansatz

Buchel; Buchel,Herzog, Elesbanow,

Metric

PZ, TIsevtlin; GHEI; PZ, Terrero-Escalante
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Calibrating the method

Metric functions (=z. x.y, w) and matter functions (f. /. )

@ Klebanov-Witten

The blown up conifold
Non-extremal D3 branes: Singular and Regular Finite Temperatu
Klebanov-Tseytlin

A singular generalization of KT

Perturbative solution with varying flux around
nonextremal D3

Generalization o
Klebanov- Tseytli
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Comments on perturbation theory in
gravitational backgrounds

@ Perturbation theory restricts the range of the radial
coordinate

(0)

Juv — ﬂ;”,, T ﬁﬂ;ru

@ Schwarzschild oggo = 2A//r and we are limited to
r > Al for perturbation theory to make sense
(T > 1)

@ For the solution of GHKT we find

P’/K, < 1 and u > u, = —¢
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Checking that this is a black hole

e Asymptotic times: infinite

"1 {_-.S.U
e / - 202y, 7)
’ ”:_.r \II_,." E,. 2{;' 6-5- e f;— -

e Proper time: finite Finite Temperatu

Generalization o
11 EEU
= ——— . du. (8)
Juy VE€F — 7

e Completeness of the metric
e Analytic cross checks
e Analytic asymptotic behavior (u — ~ and u — 0)

Klebanov- Tseytli
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Area of the horizon

In the u-coordinates the area of surface defined by a
horizon at © = constant is

A=Vsexp(—2z + 3x + 5y). (9)

Given that the equation of motion for = has the general _
solution + = au we are forced into the following situation. Finito Tompesat
If the horizon is at © — oc, then in order for the area A to r——
be finite we need the following asymptotics for = and y:

T — aau+ z.. y — 3 au+ y., (10)
with the condition that

—2a+ 58 = -3 (11)
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Area of the horizon
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Area of the horizon
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Asymptotics

Y~ = 1.90027 — 999.942947 v + 0.0000002 v*
+ 0.00000002 > + 0.000000002 u* .
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+ 0.0000001 > + 0.00000001 " . R
1
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Area of the horizon
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Area of the horizon

In the u-coordinates the area of surface defined by a
horizon at « = constant is

A=Vsexp(—2z +3x + 5y). (9)

Given that the equation of motion for = has the general
solution + = au we are forced into the following situation. Finite Tomposatn
If the horizon is at © — oc, then in order for the area A to rnm————"
be finite we need the following asymptotics for = and y:

z —saau+ z,. y — Jau—+ y., (10)
with the condition that

—2a+ 53 = -3 (11)

irsa: 07050072




Asymptotics
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Area of the horizon
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Area of the horizon
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Area of the horizon
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Asymptotics
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Drag force in this background: Preliminary Results

Mahato, PZ, Terrero-Escalante
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Figure: Behavior of ;: for a representative set of temperatures
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@ velocity dependence on the relativistic region
@ Can compute analytically

D
2

(v << 1) =~ vV2ae?2 (13)

and
P(u) o

v = 1) — e z e2=e2latlau (14)

@ Can argue about the 72 dependence but mainly in
the nonrelativistic region
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Drag force in this background: Preliminary Results

Mahato, PZ, Terrero-Escalante
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Figure: Behavior of ;: for a representative set of temperatures




Asymptotics
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Asymptotics
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Drag force in this background: Preliminary Results
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@ velocity dependence on the relativistic region
@ Can compute analytically

(v << 1) ~ V2ae? (13)

and

}u(r_, ~ l) m—_ ; e :.hez(u—l—l)rul (14)

@ Can argue about the 7% dependence but mainly in
the nonrelativistic region
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Hawking-Page transition: Preliminary Results

—_ —

PL, Terrsrc—Escalante

@ Both backgrounds have the same physical
temperature

3" exp (p - é - :1) lre = Bb.n. P(22—3a u)|y, (15)

5/6
3 2 —2/3 —1/4,

TR—EIn\gl 5 up | (16)

@ Consider only the difference of actions

Hawking-Page
phase transition
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Expectations

@ The relevant parameter: a e 9/3,

@ The jump in the number of the degrees of freedom
should be there.

Hawking-Page
phase transition
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Conclusions

@ The full phase space diagram: connection to weak
coupling results and chemical potential

@ The actual black hole in the KS background: A
chance at chiral symmetry breaking versus
confinement/deconfinement

@ The introduction of dynamical fundamental flavor at
the backreacted level.

@ Supergravity is limited: Direct string calculation Conclusions
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