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Interface systems are ubiquitous In nature
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Interface field theory

* |Interface field theory has rich physics

—_— . ‘
S = SI + SII + Smterface Field theory | Field theory i

Sinterface D /A@I@II + S[O]

- Boundary field theory, BCFT

- Defect field theory, DCFT

 More interesting physical observables ﬂ R / »
Entanglement entropy (e.g. “effective central charge” for ICFT)
Energy transports: transmission/reflection coefficients incider/ t
L..



Interface in holography (1)

@
Field theory | Field theory |l

1) top-down, D1-D5 systems, IIB SUGRA on AdSz x $% x T*
dsiig = €¢/2(d5%3) +dQ2) + e ¥/ 2524

2) bottom-up

3D Einstein-massless scalar theory

ds3 = f(y)dshas, + dy”

fly) = %(1 + /1 — 242 cosh 2y),
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[Bachas,Karch, Ooguri, 2001; Skenderis, Bak, Gutperle, Hirano]



Interface in holography (1)

PRL 118, 201601 (2017) PHYSICAL REVIEW LETTERS

Gapless Edge state

Surface States in Holographic Weyl Semimetals

Theoretisch-Physikalisches Institut, Friedrich Schiller University Jena, Max-Wien-Platz 1, 07743 Jena, Germany |

Markus Heinrich” ~
and Institute for Theoretical Physics, University of Cologne, Ziilpicher Strafie 77, 50937 Cologne, Germany X |

) .
Amadeo Jiménez-Alba,” Sebastian Moeckel,* and Martin Ammon® /X B | SER——
Theoretisch-Physikalisches Institut, Friedrich Schiller University Jena, Max-Wien-Platz 1, 07743 Jena, Germany Bulk -~ Weyl node

(Received 15 December 2016; published 18 May 2017) " .

We study the surface states of a strongly coupled Weyl semimetal within holography. By explicit
numerical computation of an inhomogeneous holographic Weyl semimetal, we observe the appearance of
an electric current restricted to the surface in the presence of an electric chemical potential. The integrated
current is universal in the sense that it only depends on the topology of the phases showing that the bulk-
boundary correspondence holds even at strong coupling. The implications of this result are subtle and may
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Interface in holography (2)

o AJS/ICFT Adf,

\
>
(”)
A new ingredient in AdAS/CFT:. a junction brane AdSL G

The left and right bulk can be different

Conformal
* A junction of two AdS/BCFTs boundary
* Lots of applications: double holography, Janus, ... oFTy T}

[Karch, Randall, 2001, Erdmenger...2014, Simidzija, Raamsdonk, 2020 ...,Bachas, 2020,...Sonner,...2022]



Interface in holography (2)

o AJS/ICFT AdSy

)
e
A new ingredient in AdAS/CFT: a junction brane AdS! ¢

The left and right bulk can be different

Conformal

e A junction of two AdS/BCFTs poundary

» Lots of applications: double holography, Janus (thick brane), <™  “*

%

[Karch, Randall, 2001; Erdmenger et al. 2014; Simidzija, Raamsdonk, 2020; Bachas et al., 2020; Sonner et al. 2022]




Holographic non-conformal interface

 Beyond conformal interface
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Holographic non-conformal interface

 Beyond conformal interface

(N1, 9op) (N1, g2p)
A UT Q\ /Q AUTT
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Zero temperature solution

* We focus on static configuration: existence of a global time

- Left/Right bulk: AdS3  dsh= i [-dé +as +aui],  A=L 11

- Interface | <
e o l (N1 g2) (N1, g2)
Parametrization UH

ZB% — (t7 77DI(Z)7 Z/\/Ij) xII (t wH( )7 \/;Z) S zn  CFTq
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Zero temperature solution

 When the brane is a straight line, or constant potential AdS}

>
S,
\)0

1 — 1 AdS:
Tmin < ‘Tl = Tmax Tnin = i y  Tmax = il £
LIV LII/

Ly Conformal

* When »="=1, there are two possible solutions boundary

> supplementary configuration:  ¢i=v¢u, é=a, V=0

> nontrivial configuration: #(2) =-vu(2)

. g Uh
e BCFT limit [Kanda, Sato, Suzuki, Takayanagi, Wei, 2023]
P V — ﬂ — ]_ " . . .
, . folding, or Z2 identification

. L
> limit v=-"-0
I




Null energy condition on the brane

 NEC = permissible configuration

(=91 + v¢n)

(AKW—hWAK)N“NV— > 0 2(z2) >
\/ o <= ¢"(2)

> linear configuration (= constant tension on the brane)

> Other allowed configurations (presume monotonic)

/ (2)\\/(1) \(4)\/(3)




Interface entropy and g-theorem

 Start from HEE of the interval [-o1.0] U [0,011], a finite part by setting o; = on =0

1 1
SiE(O') = SE — 55515 = 555

(vagclzb)
Sé’:ﬁlogz—(I S§=@10g2—0
3 €1 €11
logg(o) = Sig(0)
o, VO RE) e 2v+ (o —yu(z)
~ 5 ° 22,0 6 2\/V2,.0
> For v= LL_III —1 with supplementary configuration: S =

> For ICFT (i.e. with a trivial scalar field), the interface entropy is a constant

> In general, logg(o) € (—o0,00)

> For a special case (CASE 2), logg(0) >0 and 4, Si(o) < 0 A ?” l@\) :“”)



> NEC

> UV AdS2; IR AdS2

a>b

example of solution (1)
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example of solution (2)

Z

Ypr=7a " —7
» NEC 7 <V

> UV AdS2; IR AdS2
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Finite temperature

* [wo possiblilities

CFTI L1I CFTH

> Gluing two BTZ black holes
> @Gluing a thermal AdS3 with a BTZ black hole



Gluing two BTZ black holes

e BTZ black hole

* For configurations H1,H2, the temperature of dual FT is the Hawking temperature,
while for E, the temperature is arbitrary

 NEC is consistent with the existence of configurations



Gluing two BTZ black holes

||||||||||||||||

» With trivial scalar field ¢=0.v =T . / o \
[H2, H2] ; -

..................................

 With nontrivial scalar field,

E | H1 | H2
S RWARAR
H1 || x | x
H2 | x| x |




Gluing thermal AdS and BTZ black hole

 No permissible configuration without scalar field

 With a scalar field, the only allowed ..
configuration is [Ecaas, E] and [E Buas] .o s ) /
NO [Ewas, H2] and [H2, Eoaas] dUE 10 metric . \
compatibility ; oo
0.0 0.2 0.41/W 0.6 0.8 1.0 (D

no [Fuas, HIJ, [HL Euas) due to NEC



comments on [E, E]}

With a scalar field, we have different types of empty-empty configurations

Eiags,El, |E,Eiags], [Eags,Eags] and [EE|

In principle, all these configurations can be set to T=0

The dual field theories are different

stability? dual CFT?



Energy transport

In field theory:

t =0 t=1t1 >0

t=12> 1

M A

~ CLR
<TL(Z)TR(W)> ~ 5 (z — W)t

T IR ="
injected energy

transmitted energy  C;p

Cr

CFTg

reﬂecte’)\
incider/

CFTpgr

ﬁansmitted

t

L.

[Quella, Runkel, Watts , 2007; Meineri, Penedones, Rousset, 2020]



Energy transport in conformal interface

* |n holography

ds?, = y—g[dy% + du% — dt%] for ur > —ygrtandg,
R

[d82] f) =4Gl e [eiw(tL_uL) d(tL — ’LLL)2+

i ew(tr+ur) d(tL 4+ uL)z] + e

[ds2] 532) = AGl pe Ty e (tR—UR) d(tr — ugr)? + c.c.,

When the central charges are the same,

— < <1
5 =T =

[Bachas, Chapman, Ge, Policastro, 2020]



Energy transport in non-conformal interface

 non-conformal interface (with a nontrivial scalar field)

(N17 chzb)

 Complex energy transmission coefficient

CFTI L11 CFTH

Tin/e _ 6iw(t1—x1) + c.c., Tre/e _ Reiw(t1+w1) + c.c., Ttr/E _ Teiw(tu—xll) 4+ c.c. .

B _ reflected energy flux T,  |R|cos(wt + &)
 injected energy flux Tj, cos(wt)

7 _ transmitted energy flux Ty, [T]cos(wit + ¢y)
~ injected energy flux = Ti, cos(wt) (RYy=R', (TH=T

T =|T|e“ =T +iT"

R+T =1



Energy transport in non-conformal interface

o | - | b—a)z’
Profile of non-conformal interface  (2) = a» + - i . »
(0 (Z) = az + (b - a) 2 + O (33) y z—0 (UV) r’l Q\U/Q rbn
CFT; X1 x
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Energy transport in non-conformal interface

. | o
e Profile of non-conformal interface () = az 1 <b1 +a)z . »
<
(0 (Z) = az -+ (b - a) 2 + O (33) y z—0 (UV) r’l Q\\V/Q rbn
CFT; 1 zn  CFTq
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high frequency: real, the transmission coefficient approaches values of UV ICFT



Energy transport in non-conformal interface

* Profile of non-conformal interface (b— a)2?
Y(2) = az A 1 (N1, gL) (N1, g53)
+ z
V(z)=az+(b—a)z*+ 0O (23) , z—>0 (UV) rn Q\\_//Q TLH
CFT; Ty zn  CF

w(z):bz—(b—a)+(’)(l>, z—00 (IR) Ty

Z
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high frequency: real, the transmission coefficient approaches values of UV ICFT

1
oscillations in the intermediate energy scale, (break the bound of ICFT) §XTL <1



Energy transport in non-conformal interface

(N1, 9as) (Nir, g5)
Yp(2)=az+(b—-0a)z®+0(z°), z—0 (UV) r o @ T,
CFT; X1 x

w (Z) = bz — (b — a) + O (1> , zZ —> OO (|R) n CFTy

Z
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small frequency: the transmission coefficient approaches the value of IR ICFT



From ICFT2 to ICFT3

e at a constant time slice

[Talk by Rong-Xin]




AdS/ICFT3

e Gluing three AdAS/BCFT along a common junction
A 014 05

AUA WA
LUA
R, =
2 Yab ay’u ayy

CFT A L A " Q

Junction condition: :

[Shen, Peng, Li, 2024]



Unique bulk solution
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Energy transport ()

Energy conservation

Ti2+ T3+ R1 =1

Total energy transmission

7?4:27;1321—72,14

B#A
effective central charge

ceAﬁ — min (cA, E CB)

B£A



Energy transport (2)

o L1 < Ly < Ly L1+ Ly < Ls

607 0.5} 3
40! |
20+ J 0.45—
Log [8] Or R, 0.3
~49| 02i i
~40} 5 K
-607 0.1F _
S 0.0}

1.2 1.3 14 15 16 1.7 1.8 S S S S ]

When T increases, the transmission coefficients decrease.

Ly + L Ly + Ly L1+L2)
Ti € , 1, Ty € 1), T3€ (0,
' (L1+L2+L3 ) ? (L1+L2+L3 ) ’ ( s

A .
1Ty < Cie, Ta < e, c3T3 < g 0< Y cap <clg < mm(CA, > CB)
BAA BAA



Energy transport (3)

o Lh < Ly= L3
80f Ay
60 0.3
LOg[g] 40+ Ra 0_23_
20+ 4////) 0.1
e eI oot/
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Conclusion

AdSs/ICFT2 with a brane-localized scalar field

At zero temperature

NEC is consistent with the existence of configuration

(NIa chzb)

CFT;

g-theorem is satisfied, the properties of interface entropy is linked to the potential

At finite temperature: more allowed configurations

Energy transport at zero temperature

for non-conformal interface: complex, oscillations

0 < Z cap < clg < miD(CA, Z CB)

for junctions:

B#A

B#A

E | H1 | H2
E |V ]| V| X
Hl |+ | X | X
H2 | x | x | /

11

CFTH



Open questions

Adding other matter fields on the brane
Surface/interface states of topological matter
Phase transitions

AdS/ICFTs at finite temperature

Other transports



Holographic applications: from Quantum Realms to the Big Bang

Thank you !



Thank you !



Gluing two BTZ black holes

e Without scalar field: ¢=0,V =T

> If uw® #upp , e.q. [E, E], we have

N X

r1 = uf’ arctanh (

1
VW — wg

thUS w < (’U](),

’LL{{LI
ur(w) = \/L% () un(w) =
(™ ui'mi(o) () —

Therefore, u;i =u;; [H2, H2]
ur(—1+ (14 L{T*)v?%)
VUuR(=1+ (1+ L2T?)12)? + (uf))2(=1+ (1 + L2T?)v2 — (=1 + L3T?)2v4)
UH( (]. L2T2) )
VR(T+ (14 TR + ()21 + (L+ LiT2)0% — (— L+ LiT2 o)

T = ui arctanh (

ur 1.0r

2.0¢

1.5¢

~), I1terminates at a finite value
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Gluing two BTZ black holes

1 1
o [H2,H2] -
[ y 2Ly v/a + bw?
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Gluing two BTZ black holes

vvvvvvvvvvvvvvvvvvvvvvvvvvv

- E-.- _ T R -1.006}
3.0F : 1.0 : ;
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1/w 0

e no [E, H2], [H1, H2], [H2, E], [H2, H1] (the continuous condition of metric)
* no [H1, H1], forbidden by NEC u;" = ujj

2 2 (uII{)4 —(UH)2 />O Uh
™h (u{’)Qw—l- L12 N I h = L ;wo
7<7l {- o -
ri(ur) ~ —n(w) — co when w — wo4 "
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g-theorem (1)

« When the induced metric on the interface brane is asymptotically AdS in both UV and IR, we have S3V > &

14

uv AdSQ ¢1(Z) ~ " .. ¢H(z) gj:\/l—y+fy2n251n 2 SRR

1 2001, 1 — 12 2
Si{leV: ;Eﬁ) SiE(O): %Ilog(/}/\/aéln—l_\/1+’72V51n)+c6ﬂ10g<\/ +7V . :F\/ v +7V 1 )

IR AdS?2 Di(2) ~ P (+00) 2+ oy ule) = i\/¢;z<oo> N

o— 400

SIE = lim_Sie(o) = log (wi(+oc)v + 1+ wi(koc)v ) + S log

NEC
$1(0) = 1(+o0).

* Along the RG flow, g-theorem is iSiE(g) < 0



g-theorem (2)

* Along the RG flow, g-theorem is i Si(0) <0

> When .- LL_ -1, ¥i(z) = —¢u(z) unfolding the BCFT result, [SSA by
takayanagi et al.], NEGC,

d ci(z; — 0® + 91(24))
2

%SiE(O) - 30(22 + (0 + ¥1(24))?)

> When 0 <v <1 (for profiles of case 2)

g oy oL [2000 1)) (Wn(ee) — 2¥](2)) | 200 = dm(ze)) (Wna(zs) = 2041 (2))
do bo | zi +v(o+Pi(2s))? I zzv +v(o — Ym(24))?
(from NEC)

> For other cases, we numerically construct concrete examples.

/ (2)\ /(1) \(4)\1(3)



Features from case studies

Relation a¢v(¢)‘¢uv — a¢v(¢)|¢m =0

UV AdS2 to IR AdS2, potential evolves from locally minimal to globally
maximum

UV AdS2 to IR flat, potential evolves from a locally maximal (VI) or a locally
minimal (IV) in UV to a globally minimal in IR

When the scalar potential is non-monotonic, (Solutions |V, V), there exits
multiple extremal surfaces. A first-order phase transition occurs for the
interface entropy

When the induced metric is asymptotically flat in IR, Sie(c — oo) goes to —oo

The g-theorem is always consistently satisfied



Y1(z) = aarctan(bz) + cz

> NEC ab>0

> UV AdS2; IR AdS2
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Solution VI

T | T T T 1 T L] T 1 T L] T T T T T T T T T T T T L, ¥ ] T T T ' T T T T T L] T 1 T L] T T T T T T T T T

'(,bI = " B 1.5t | sl
» NEC y<Owhenn>1 .~ Y e Y
0.5} -: 0.5

> UV AdS2: IR flat T
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Holographic entanglement entropy

e Consider the interval [—01,0]U[0,0m]

e RT-formulae

Boundary condition



Holographic entanglement entropy

Consider the interval [—o01,0] U [0, 011]

RT-formula

Boundary condition (0.0) @ on
Vi Wi+ Vy-W,=0

Squashed geodesics

BCFT limits

Effective central charge from holographic entanglement entropy

[Anous, Meineri, Pelliconi, Sonner; Czech, Nguyen, Swaminathan]



Interface in holography

PRL 106, 221601 (2011) PHYSICAL REVIEW LETTERS

Holographic Josephson Junctions

Gary T. Horowitz, Jorge E. Santos, and Benson Way

Department of Physics, University of California, Santa Barbara, California 93106-4030, USA v K
(Received 31 January 2011; published 3 June 2011)

We construct a gravitational dual of a Josephson junction. Calculations on the gravity side reproduce
the standard relation between the current across the junction and the phase difference of the condensate.
We also study the dependence of the maximum current on the temperature and size of the junction and
reproduce familiar results.
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