Low-T' Spectrum for Charge Diffusion in
Holographic Matter

Clément Supiot

Centre de PHysique Théorique (CPHT)

June 18t 2025

[Goutéraux, Sanchez-Garitaonandia, Ramirez, CS (2506.11974)]

o o®
. i
3 INSTITUT
"07 POLYTECHNIQUE
’ DE PARIS

®
L] Centre de
[ ] ;
o, 0 Physique
Théorique



AdS Extremal Black Hole

AdSgy2

near boundary

AdS Extremal
Black Brane

near horizon

4

AdS, x RY

Clément Supiot

Low-T' Charge Diffusion Spectrum

1/10



AdS Extremal Black Hole and RG Flow
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Holographic Setup: A Simple Case

4D gravity with massless scalars
2
Shg = /dx4\/—g [R — 2\ = Z(awz)Q
i=1
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dr?

+ dz? 4 dy?
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ds? = 712 [—f(r)dt2 +

re (O,T‘h]

2,.2 2,2\ ,.3 ,
f<7~>=1—m7“_(1_m’"h>7", W = ma'

[Andrade, Withers ’14]
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U(1) perturbation fusl
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Hydrodynamics and the Charge Diffusion Pole

Long-time, long-distance effective description at T # 0
G (@ —y) = =i8(z° — y*)([Ju(@), L (y)])
Fourier space: w, k < T, k = ke,

Longitudinal: G%, o« (—iw 4+ DE* 4+ O(k*)) ™}

Charge Diffusion Pole [Kovtun, Starinets ’05]
w = —iDk? + O(kY)
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IR Spectrum: a Tower of Critical Modes
BB in AdS, Quasi-Normal Mode Spectrum

A — Ingoing at horizon
m
~ < Vanishing at boundary
= Complex frequency spectrum

< Poles of fo,, (w, k)
AdS/CFT

[Kovtun, Starinets ’05]
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near horizon

BH in AdS, x R?
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IR Spectrum: a Tower of Critical Modes

BB in AdS, Quasi-Normal Mode Spectrum

A — Ingoing at horizon
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[Kovtun, Starinets ’05]

[Faulkner et al. ’09]

near horizon

A,

BH in AdS, x R?
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Hydrodynamics

ow, kKT

Charge Diffusion Pole

w = —iD(T)k? + O(k%)

[Imw|
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Hydrodynamics vs Zero Temperature

ocw, kLT owk<r;,T=0

[Edalati et al. ’09] [Davison, Parnachev ’13]

Charge Diffusion Pole Quadratic Pole

w = —iD(T)k* + O(k*%) w = —iD(0)k? + O(k%)

[Tmw|

wok«T
, VA

NRew
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Hydrodynamics vs Zero Temperature

ocw, kLT owk<r;,T=0

[Edalati et al. ’09] [Davison, Parnachev ’13]

Charge Diffusion Pole Quadratic Pole

w = —iD(T)k? + O(k%) w = —iD(0)k% + O(k*)
£ e ’ —
wo kT *i____ ____________ i—
(, AT
Rew k/T

Two regimes not continuously connected

Try to understand diffusion, critical and quadratic modes
simultaneously
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Equation of Motion for the Longitudinal Sector

To answer this, let’s compute GE,

Probe perturbation

1
S = - /d:c4\/—gF2 = V., F"=0.

A, =

Ay = ay(r)e

E,, E, decoupled

Longitudinal EoM

Gauge invariant combinations fE. ' E,
Lﬂ - kr?f} f

—iwt+ikx

=0
E, = wa; + ka;

Ey = way
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Solve the EoM: Matching Procedure pavison, pamacher 13
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Solve the EoM: Matching Procedure pavison, pamacher 13

outer
inner
“ —
: | I
The==sbeoos=s 4----- B
' |
,V/‘/ I

>
matching

fEL 1 E,
2 opzf) Ty =0
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Solve the EoM: Matching Procedure pavison, pamacher 13

outer w27ﬂ2 k’2T2
. inner N N ?, T << ]-
L] 1 /
B 1B
e T
matching
O(wY,k9)
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Solve the EoM: Matching Procedure pavison, pamacher 13

outer w27ﬂ2 k’2T2

inner N T L0 << ]-
‘ — VR i
(N — NG [ fE. }’ LB,
T D2 _12f e
m‘ul(hii’m w k; f f
O(w,k0)

outer
< >

Dy —r <Ly S e

inner
—

matching

Clément Supiot Low-T Charge Diffusion Spectrum 7/10



Solve the EoM: Matching Procedure pavion, pamachev ‘13

outer w27ﬂ2 k‘2T2

. i[\Hf‘l N < 7’ f

<1
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e 2w DT
O(wY,k9)
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Solve the EoM: Matching Procedure pavison, pamacher 13

outer w27ﬂ2 k’2T2
inner < o v < 1
mer, E
fE. 1  E,
ey B
O(wY,k9)

K DIy — 1T <K Th S Te
0 G ¢ r2 o
T:Te_ei’ t=¢ 71 = T~w~e

d{j

2 _ 1
e—0 3<2

l‘f WA

Scaling for quadratic mode beyond hydrodynamics

e~kirnw~T <m

+ TLZ {dxz + dyﬂ + O(e)

€
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Matching and G%,

outer

inner _ Leading order matching

ﬁﬁ =A GR _ w2+0(63)
‘ L I TE T _fw + rek? 4+ O(e?)

matching
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Matching and GE,

outer

_inner _ Leading order matching

o T i _ WP FOE)
’ b “T’,’;:" " " e —iw + Tek2 I 0(62)
m;tching

Next-to-leading order matching

2 k2r2G
GR —_ v (1 3 )
G — k2 + % (AnTre + 2(k%r? + iwre)G + 3k2r2log 3)

) w 9
G = mcot <2T> ty+y (2 T) — log (477Tre)
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Results: Spectrum of the Longitudinal Sector

T/m =103
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Results: Spectrum of the Longitudinal Sector
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Results: Spectrum of the Longitudinal Sector
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Results: Spectrum of the Longitudinal Sector
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Conclusion

Summary

Analytic Green function for w ~ T

Irrelevant deformations are crucial

(]

(]

Low-T quadratic mode very different from Diffusion mode
beyond hydrodynamics

Pole ‘Snatching’
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Outlook
e Class of AdSy x R? spacetimes

o Effective action
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Appendix: Outer Region

4

Formal Solution
51 2 2/7‘ drl )
E, =& k“r —
0+/€2—w2< e o f(r1)

9 w ! E.(r9)
—l—/ drq <k‘ )) erif(rg)

B ~w~T~e EO = Z e”Eg(C(?DO &= Z G”Si(n)
n>0 n>0
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Appendix: Inner Region

(rt) = (1), Ko ek? ED =3 eBd
n>0

2 2
@ _ | d 2 1 d w (I)
pEH = | -2 — 4 Y -0
- d¢? G f2(Q)dC  f2(()?
DE:E:QEO =8 [Eﬂ_l, cee E:(CIO)]

Ei% _ cgﬁ))eiw(h arctanh ¢ /¢, + c(_o)e*iwCh arctanh ¢/Cy

E(I) — C(f)eiwr* + C(_O)e—iwr*

z,0
EQ(CZO) = C(O)e“‘” +W since A, ~ e~ w(t=r")
Tortoise coordinates
dr
r* = | —— =€ ¢ arctanh ¢ /G, + O(€°
70 Ol
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Appendix: Matching and Gfx

. 2

outer — | =T — Ei = Mleng of orders
*Ol@—» 1 (0) (), 0w’

‘ ! T T _

B Y B

matching n=0

E(I) = C(O) + C(O)iw
0,2, O T

Leading order matching

GR _ (")2 + 0(6)
T —iw + 1ek2 + O(e)
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