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Macrophysics vs. microphysics

Hydro: coarse-grained
—> BH in classical GR is also macro, approx. description

of underlying microphysics of QG BH!

)

coarse
grain

Can't study microphysics within hydro framework
(by definition)

—> want to go beyond hydro approx



Brownian motion

— Historically, a crucial step
toward microphysics of nature

» 1827 Brown : : ————
7 erratic motion Robert Brown (1773-1858)

pollen particle

» Due to collisions with fluid particles

» Allowed to determine Avogadro #: N, = 6 X 10%3 < o0
» Ubiquitous

» Langevin eq. (friction + random force)



Brownian motion in AdS/CFT

—> Do the same for hydro. in AdS/CFT!
Learn about QG from BM on boundary

How does Langevin dynamics come about
from bulk viewpoint?

Fluctuation-dissipation theorem

Relation to RHIC physics?

Related work:
drag force: Herzog+Karch+Kovtun+Kozcaz+Yaffe, Gubser, Casalderrey-Solana+Teaney
transverse momentum broadening: Gubser, Casalderrey-Solana+Teaney
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p(t)=—| dt'y(t—t)p(t)+R(t)
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delayed random
friction force




T ballistic regime
_tz (t K trelax) S

m (init. velocity x~./T/m)
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2Dt (t > trelax ) diffusive regime

(random walk)
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Brownian string

Quadratic action
X(t,r)

Sng = const+ S, + 54 +

S o fdt dr

Mode expansion

X(t,r) = jooda) (fw @ Jeiitos W h C.)

0

N
N Xz]

[ ( )0 (r*h(r)o, )]fw (r)=0

d=3: can be solved exactly
d>3: can be solved in low frequency limit
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Near horizon: outgoing ingoing
mode mode
* dw

———
r[(e—w)(t ) 4 \e_l:z)e Lw(t+r*))aw +h.c ]

phase shift 1, : tortoise coordinate

X(t,r) ~

Near boundary

X(tr)=x(t) = J dw [fw (r.)e "t q, + h. C.] 1. : cutoff
0

(00]




Semiclassical analysis

Semiclassically, NH modes are thermally excited:
1

efo —1

(ayal) o

=) Can use dictionary to compute x(t), s3(t)

el 38
Et (t L trojgx ) Dallistic

s2(t) = (:[x(®) — x(0)]%:) = 4

LnlzT t (t >> trelax) diffusive
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R-correlator

ft—t1) ft—1ty)




Time scales from R-correlators
2-pt func (R(t)R(0)) = teon
Low-freq. 4-pt func (R(w{)R(wy)R(w3)R(w,)) — B
HORENTSI(OE
(R(0)*) = 3(R(0)*)* + uTf(0)*
T = 2n6(0), tilde = Fourier transform

Can determine g, thus ¢
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k pulses

Sketch of derivation |
RO=) aft-t) " & o
i=1
Probability that there are k pulses in period [0,1]:
k
Pk (T) I (,LlT) (Poisson dist.)
k!
2-pt func:
HOLCIE z P.() Z (6 £ (£ = F (£ = )N
i,j=1

= 41 : random signs — (Ei6j> 3 51’]

! k 3 4
(Fe— (& =) =7 | duf(e-wfE -
0
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(R(w)R(w") = 2mpd(w + » ) f (w)f (")

(R(W)R(wHR(w")R(w""))
= (R(w)R(w)) (R(w"R(w'")) + (2 more terms) :
2mus(w+w +o +o )f(0f(@)flw)f(w")




R-correlators from BM in AdS/CFT
» Can compute ¢, ¢, from correction to 4-pt func.

» Expansion of NG action to higher order:

Sng = const + S, +8g + -+

f e (e X,Zr

Sa At

!

P l6tx

h(r) [

X(t,r)
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Conclusions

__________

Boundary BM < bulk “Brownian string”

can study QG in principle

Semiclassically, can reproduce Langevin dyn. from bulk

random force < Hawking rad. (kicking by horizon)

friction < absorption

Time scales in strong coup!

g OGE: g, tmfp » Leoll

BM on stretched horizon (]

orge’s talk)

Fluctuation-dissipation theorem
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