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Temperature fluctuations of the quantum dot

The system (quantum dot) connected to
the reservoir:

T2 “ . ”
<5T2> _ < , T > 71 ‘“classical
%IHMCT , T <71 “quantum” ’ \ Q

where 7 - characteristic relaxation time
A. Balatsky and J.-X. Zhu, cond-mat/0202521
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Hawking radiation of the Black Hole

Black hole in flat space

1
THawking - 871'_M ‘\\\L (—r/

In flat space the system is unstable -~ o

C, <O0.

Hence the thermal equilibrium is f/—/ \L‘\\

never reached.
No relaxation = No fluctuations T
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Black Hole in AdS

Black hole in flat space

r2
14375

THawking = drr
+

Large BH is stable
C, > 0.

But the radiation is not dynamical,
hence there is no reservoir
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Fluctuations of local temperature

Mean temperature is fixed by
the energy conservation law

(T) = const,

but local fluctuations are
allowed

(6T(x)%) #0

Hence we study spherical
harmonics on the surface of
the spherical black hole.
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Fluctuation-dissipation theorem

Fluctuations are governed by the imaginary part of the retarded
Green function

* dw hw
o0 R
(0T<) = h/_ > Im G; (w)coth2T.

Where we take into account spherical harmonics separately
6(w) =1 [ dre [ dx/EVial)([T(e. ). T(0,0))
0

Thus to study the fluctuations one needs to calculate G
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Hydrodynamic equations for the charged liquid
With external sources
VT =F?Jy  V,Jl'=0

where F*" is a strength of external field.
Constituent equations

TH =eutu” + pAH”
2
— nAreAvP (vauﬂ + Vg — Egaﬁvuuﬂ) — CAMV
P =nut — e TAM™N (1) T) + o AM Fy,
AP =gt + yt ¥,

d-number of spacial dimensions.
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Hydrodynamic equations for the charged liquid
We introduce sources dgy: = —2h, §A; = ¢ and derive system of
coupled equations for de and dn

[w? — B1Kk? + 2iT] be — Bak®Sn = (e + p)kPh + nk?¢

[ iw~+ kzoal} de + [—iw + k2aa2] on= —ak2¢
E+p
e lU+d=1)
= B ,
B 1 (d —1)(/ = 1)(I+d) I(I+d—1)
r_(e—}—p)Rz[ d N
_ 1 9w/T) _ o oWw/T) _Op _op
al_TTn’ ar=T an |’ ﬁl—aen, 52—8,76
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Hydrodynamic Green function

.. . i o€ h
The solution is expressed via the Green function <6n) = G(¢>.

1 [(KPww + ick*was k?nw + ick*(nas — f32)
G = P\ Knw—ick*way  —iock®w? + k2w ("—‘; + 20r> —iok*(nay — B1)

where enthalpy density w = € 4+ p and denominator accounts for
the “sound” and “diffusion” poles

P = (w? — Q%+ 2iwl)(w + iDK?)

op A 1k> o Op
0% = k> 2E| = k22 [ =r+ -2 - ZF
Oe |, Vs +2wv528n€
o (- 9w/T)| op ou/T)| Op
p=2 (71 op| _pAm L)) Op
v52( on |, Oe|, de |, On|,
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Hydrodynamics of CFT

In CFT thermodynamic relations simplify because e = 3p

w Q2
(0e(k)de(—k)) = v_s2w2 — 02 +2iTw

n Q2
(0e(k)on(—k)) = v_§w2 — 02 1 2iTw

(on(k)on(—k))

v2ww? — Q2 + 2iTw + w + iDk?

There is no diffusive pole in the correlators of energy.
Sound mode is the same as in the uncharged case.

I ———
A. Krikun: Classical and quantum temperature fluctuations via holography , arXiv:1405.4829



Motivation Hydrodynamics Gravity Conclusion

Temperature correlation function

Expanding 6T = 27| de + aT| dn we write the correlation
function as

T T
(OTST), = (‘5 no

won |,

2 0?2 STI1? iok?
d€

— Q24 2iTw  dn| w+ DK

or after some thermodynamics

T2 Q2 2 T2 Dk2
(6TST), = 4 =
T3ww? — 2+ 2iTw | w(3n? — wx)w + IDk?
where x = g_Z‘T is susceptibility
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Classical limit

At large temperatures the coth;% in FDT may be substituted by %

(572 T de?w/mwT(kL&T(—k))

—00
And using Maxwell relations one shows that

T2 T2
(T = o —X =~
3 wxy —3n C,
which proves that the normalization of Green functions is right, as
it agrees with the classical result

I ———
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Quantum limit

In the sound mode the quantum limit is applicable when

vk 1
T<Ts=% ~g

TQ T 1
2 [d —_— = —
(0T ) soung = I 2 3w R
The diffusion mode becomes quantum when T <« Ty = Dz—f: ~ le
and
h T?PD 1 Q 1
ST yi e — |~ =
< )ifuse 7 w(3wyx — n?)2 8 [Dk2] R2

These results show, that in hydrodynamic approximation the
transition to the quantum regime (T < R™1) never occurs. One
need to consider full gravitational problem with finite R.
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AdS Reissner-Nordstrém black hole
The metric of the charged black hole in AdS is

d 2
ds? = —f(r)dt? + ?rr) + 12 (d6? + sin 0 dp?)
2M Q2 r?
f(r):1__+r_2+ﬁ
Thermodynamic quantities are
1+ 3% Q? r2
r= 4mry (I_K)’ Qe = 1 1+3ﬁ’
S= ﬂri, W= g
r+

A. Krikun: Classical and quantum temperature fluctuations via holography , arXiv:1405.4829



Motivation Hydrodynamics Gravity Conclusion

Quasinormal modes of AdS-RN BH

We look for a spectrum of quasinormal modes of the spherical
black hole, which include

5g00 <~ (56, (SAO ~on

For nontrivial spherical harmonics the perturbation (polar mode)
involves other metric components as well

0g ~

o O X X
o o X X
O X O O
X O O O
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Quasinormal modes of AdS-RN BH

Decoupling of modes leads to the characteristic equation
(F. Mellor and I. Moss, Phys.Rev. D41, 403 (1990))

Ad [/(Ad
r2dr\r2dr’i

with Schrédinger-type potentials

—Z )+w2Z+ vzt (i=1,2)

A 1 A
V1+ZF{U+ E(Pl—P2)W} V==

P {U - %(pl - pz)W}

3
U:(2nr+3M)W+(w—nr—M+2%>_2nA’

A 1 ’
W— (2nr+3M)—|— <nr+M—2%>

4 2
A:r2—2Mr+Q2+r—, Q:nr+3M—£
R2 r
1

=50 =1)(+2), pr=3M+(OM* +4Q%)"2  p=3M — (OM* +4Q%*)""
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Robin boundary conditions

To obtain the spectrum one solves the equation with appropriate
boundary conditions (J. J. Friess et al., hep-th/0611005)

Ad (Ad
+ 27+ _ \/t 7+ §—
,—25<— Z>+wZ,-—V,-Z,- (i=12)

r2dr’
On the boundary

z'

]_ — ﬂ + 402 1
r—o0 n 3M+ JOM?2 +4Q%2 ) 1’
1 3M  3M + VIM2 +4Q22 \ 1
r—o00 n 2n r

z'

And purely infalling on the horizon
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Comparison with hydrodynamics
We compare the numerical results with hydrodynamic expression

1 [I(l+d-1) (d-1)(I+d)I(l-1) s

“hyd = Ep d : R2d an(e+ p)’
Re(wp)/Re(wyyq) Im{wo)/Im(wyyy)
1.035F
102+
1.030 F T=
1.025F 1,00+ / m— ()8R
1.020 — 2R
1.015F —_— gl
1.010 \/
1.005 F I
o 1 P SR 0 i e 6

Reasonable agreement at relatively low temperatures T ~ R™1
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Phase digram of the global RN-AdS BH
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Conclusion

Conclusion

» CFT on the sphere experiences local temperature fluctuations

» Depending on the temperature and chemical potential the
fluctuations may be either in quantum or in classical regime

» Charged black hole in AdS undergoes quantum-classical
transition at low temperatures

» Extremal black hole can not be probed in the linear responce
aproach.

» The gravitational calculus for charged black holes with
compact horizons agrees with hydrodynamics if the proper
boundary conditions are taken into account.
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