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A puzzle

How to describe a Dirichlet BCFT in the

large charge EFT ?

Context :

- large charge EFT in the bulk [Heuerman etat . ; . . . .]

L = c
, (SX)d -1

. . .

jµ=s¥, = Cid csxld-ZS.mx
- classical UV model ( 3d)

g. = Is ¢12 - ¥ 1¢16 turningan > f- (g. g)2+12-826×5 - 9¥86
t

t=¥ei× ja - 82six
✗= let -11T

Neumann : Jz 8 Izzo = jz / ⇐0=0
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- N : 5 = const I # CSX)
"
indep . of 2-

EFT : SIN) =
EFT g#_ fd}× (JX)3-1 . . .
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☒Z) same 8s as w/o bdy
- D: 8 has profile I

What BC fan ✗ ? I

I• JEET Izzo = O ? E s z
bdy yµ bulk

doesn't allow for non-trivial
X profile ( need X•=µtt ...)

•

couple to new bdydof ? £

• concentrate on capturing observables in EFT regime ✓

Q (↳ = jdzj.fr = g#_ [ Lei + ¥µ + 0 ( e-4)]
O

e T
can be produced= f. DE JÉFT from bdy. cont .
to j¥FT

(D)
S = #g- fdsx (sXP-1 Ig fd2x (IX)'t .. .EFT
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JEE, = ¥-445k + f- dcz) Jax + .. .

The EFT w/ bdy term reproduces other observables :

Phase shift : I ←mTÉn
I running

eidck)

Tout
2=0

dlk) =p big k_µ + 01k¥) ✓ reproduced by EFT

fromUVcomp .

Note : BC for EFT is perturbed Neumann

Sz IT Izzo = tf £|z=o
to(E)
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Prediction fan Ña

General facts about BCFT :

- local
.

bdy op 's ④i , i

- statepevatov correspondence :

④
i ← I ①

i
>
Hsdtxp

I

I•q : ← if f- - ÷ Idi>' Hsd-1
1
,

Hsd-1 .



Large charge operator spectrum from EFT

computation in bulk CFT :

Rie = # QKd-11 + 0 (Q
- Ka- D)

(class) d
da = # je t #fed-2 + .. . ← classical cont.

= K
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d odd [Heuermanetat .]

8D logQt . . . d even [Cuomo]

☐ a = A +
1091
+
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Computation in BCFT :

Rie = 11=(20-1%-1) - # b + 0 (Q
- Ka- D)

ncclass) d
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. . .



Reason for log Q term : F operator that renovmalizes
the 0(Q9 term in the action

- d even : bulk op .
9%-98×5guv

e. g. D= 4 0 = Fg IH

- d odd : bdg op .

e.g. d=3
① = RE JE

T ←bulk quart
bdy quant . evaluatedat bdy

Main result : Da = Iz bza - # b Q + log term
[

change accumulation
at bdy

D classically : b < 0

Quantum mechanically b can take any sign

can also use EFT to compute n-pt fu 's :

- Ñqo = <Qtq I QQ.gl Q > K Q%
- 1)

t
dim

- Ñ B = <Q I Ñ IQ > = #d
,
(za )

d- 1)

T
unique scalar
in ten → # 5 -1

. -.

z→0



Comparison v40 (2) in 4 - E expansion

Double scaling limit E → 0 , Q →• , EQ = fixed
can compute for all EQ ,

match to EFT for large EQ
[Badel et al

. ]

Comment : - similar situation in OCN ) model :

N→as
,
Q→as

, Q/µ = fixed [Alvarez - Gaeemé etat . ]

- in U(1) 1- Nf flavors instead

Nf → as , Q << Ng is already described by EFT
[Cuomoetat;de la Fuente ; Dupuis et al . ]

S =/ddxrg ( 18412+ moi 1414¥ 1414 A
*
= 0(E)

bae =p ¥ f- ,
(↳ Q ) + foll*QI + . . . Same for a

double scaling

compute eim < Yale-1++1 Ya > = # e- bat using semiclassics
1-→ as

tz

Look for time indep saddle of 5
""

+ fddx i #Qi :
- Ty

✗ = - idea

8 (Q) solves a nonlinear ODE 1- Q = #fµ 8
'
constraint

Sd-YHsd-1



I : 8 = const

I
- , (✗* G) = t f- if 2-1*0-1 divergent,
^ reuovnralize

f- • (✗*G) = E- ÷
.

net [will ) + code) ] ← in dim . veg.

Subtraction

leaves finitesum
For ✗

*
Q << 1 reproduce diagrammatics :

da = Q by + ÷ (Q2 - Q ) + .. .

i
classical
[ I - loopCdz - i )

T

a
= Q by + § (Q2 - 2Q ) -1 .. .

For d*Q >> I reproduce EFT w/ Wilson coeffs
determined :

Ci = ¥ + # + . -- , b=%☒ -10.0844982 t. . .
T

charge accumulation
Note : not just fitting coeffs , near bdy

many nontrivial relations

obeyed



D- : 5 has nontrivial profile

For h*Q<< I find profile perturbativey

¥ f- , (1*9) = 2 Q + § Q2 +
-
- -

← semielassics

A-
a
= ZQ + f- (Q2 - 3G) ← diagrams

For ✗* Q → I find profile in matched asymptotic series
expansion

b = -¥+1 + 0(E)

Discussion on other bulk & bdy large change phases

How universal is the large change EFT ?

In condensed matter phletova of other T=O,definite
phases (besides superfluid / superconductor )

- BEC ( realized in free scalar & SUSY examples )
Becomes superfluid in the presence of interactions

- Fermi liquid ( realized in free fermion .& ? )
very robust to interactions in NR case



What happens in the relativistic & conformal case ?
• should be possible , since free fermion works
• should be impossible , since no Schrodinger Fermi liquid
[ Rothstein , Shrivastava]

-

non - Fermi liquids
- extremal RN BHS

• wildly believed to be unstable, but IM 0 very weak
arguments

• well - developed EFT for them : Schwarze-an + UCD + so

analog of keeping just the zero mode of X on Sd
-'
✗ R

[ Almheiri
,
Pdchienski ; Maldacena et al ; Mertens et al . ; Yang;

I liesiu , Tuviaci ; . .- ]

Can compute :

<Hal Ogle , G) O-q( o ) I Ha >

= I 60g ,(E) O.gg (o)>
(EFT)

Cg (o )
j

E =D
a

same correlation was analyzed in bootstrap
[Jafferis et al . ; Komavgodski , MM , Pal , Ravi -Moshe]
Preliminary results suggest that crossing is
trivially satisfied [ Have Krishna ,

Litvinov
,
MM Wip]



- [Safferis et al . ] found many strongly coupled
solutions to the bootstrap eqs

Are they realized in any CFT ?

In BCFT we found many controlled examples that
go beyond superfluid w/ perturbed N BC

- free bulk scalar w/ interacting bdy
S = fddx 15412 + fold-'✗ ¥ 1414
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joyless = {
Q(£ - 1) + # XQZ + . . .

to⇐ ,

Qdz + 0 %) tasse
- free fermion has two conf - Bcs

a
= £ b2Q

- neutral bulk + charged bdy
↳ d example : SEFT = Sstrongly coupled

1-Sdk CCSX)¥ .

Zao

+ fdsx Cg DISH ← irrelevant
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