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m Boundaries (wall and ramp): SO(d, 1)

Important in condensed matter.
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Additional OPE’s
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Bootstrap equation [Anténio Antunes, '21]

(0 (%, Xg-1,Xa)O(7)) < f(m) . = % —tang .,

n)—zcnwall AmATl = AZ wall AyC)-

m
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cn(6) = Mf/ﬁnﬂ

ZCn wall An,A n)= AZ fyan (A A,C) .

3

BOE Coefficients

107 (8), Cn(6) = 5, 177 (6).

o o
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ZCn al(Bn, A m) AZ fuan(Ap, AL C) .

BOE Coefficients
cn(0) =

p(6,1) =

C(67n) =

Nﬁﬁnﬁf”g(e)a C;n(e) “rﬁ/ ue"

Prefactor and cross-ratio w.r.t. the ramp

3

~ Ol

(6) .

o

_n
sin@ —ncosB ’
sin@ —1ncos0
—_— = 0—0).
cos6 +nsin6 an(6—¢)
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ZCn al(Bn, A m)

BOE Coefficients
cn(0) =

Conformal blocks

fwall(Athvn) = TIA

AZ fyatt (B A, 0)

3

L6 6,
Mg, B 5(0) , Cn(0) = 1f 5, 177 (8) .
Prefactor and cross-ratio w.r.t. the ramp
_ n
p(6.m) = sin@ —ncosB ’
£(o )_M_ an(0 — ¢)
o ~ cosO+7sin® ¢l

i m?)
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A conformal /A R . e ~ o
ed(;::ynorma ng = Cd;(e,C ’C(?L(P) ) Cant; = Caﬂﬁ(e’c 7Ct9i¢) .
Analytic oy

structure Boundary conditions

30?tslrap at . . / _ Y ~

63) [ | NNC&L‘P, CaLd)\_o = C(Z;—Cé(eycd))
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Only ¢ and 9, ¢ are exchanged

9.6 = C,4(0:C5:C5 4)
c; :c:ﬁ(e,c¢)

/ — ~
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/ A R .
ng_c(ﬁ(eac acaﬂp)a

Boundary conditions

Only ¢ and 9, ¢ are exchanged

/ _ A . R
C(M_ca q;(@,c ,CM,).

o )
/ e ~
CanS =c, ﬁ(e,c(m)
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C,,\:

/ — ~ ~
cé(e,cq;,caﬂﬁ) €= C é(e,cq),cam) .

Only ¢ and 9, ¢ are exchanged

Boundary conditions

Edge scaling dimension

aé
— Al
¢ eI _Caﬂig(67c¢)
/ / —
;=0 = ¢ ;=¢ ﬁ(e,c(m)
A a
Ap=0g+k, k= % .
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Only ¢ and 9, ¢ are exchanged

A conformal /A ~ o o= . R ~
Ao ¢y =4(6,65,Cy,4) » €y 5=05 5(6.65.Cy4) -
Analytic
SO Boundary conditions
o mNNicy ;. ¢, ;=0 = c;=cj(6.c;).
gn
oA /A
m ND: ¢, 5, Cs =0 = €4 —C(M(G,c(p)
A /) A
m DD: c;, cqs—O = € 5=C, ﬁ(e,c(m)
Edge scaling dimension
A T

m o (or k) determines the combination of b.c.s.
* Integer for NN and DD.
¢ Half-integer for ND.

Theoretical physics -8- Alexander Soderberg | alexander.soderberg@physics.uu.se



Outline

UPPSALA
UNIVERSITET

A conformal
edge

Analytic
structure

Bootstrap at
O(¢)

9 Analytic structure

Theoretical physics -9- Alexander Soderberg | alexander.soderberg@physics.uu.se



Branch cuts

L L b
Branch cuts for0< < — Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2 2

Imn Im n Imn

A conformal
edge

Bootstrap at
o(e)

Analytic /‘ \\ /,/’ F\
structure K{ } Ren Ren ; \_/ Ren

Branch cuts originate from
m blue: o F; (, *1’]2)

Theoretical physics -10- Alexander Soderberg | alexander.soderberg@physics.uu.se



Branch cuts

UPPSALA
UNIVERSITET

L L b
Branch cuts for0< < — Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2 2

Imn Im n Imn

A conformal
edge

Bootstrap at
o(e)

Analytic /‘ \\ /,/’ F\
structure K{ } Ren Ren ; \_/ Ren

Branch cuts originate from
m blue: 2F1(...,*T]2)
m red: 2F1(...,—C2)

Theoretical physics -10- Alexander Soderberg | alexander.soderberg@physics.uu.se



Branch cuts

L L b
Branch cuts for0< < — Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2 2

Imn Im n Imn

A conformal
edge

Ren
Bootstrap at
o(¢)

Py /‘ ’\
structure K{ } Ren Ren ; \_/

Branch cuts originate from
m blue: 2F1(...,*T]2)
m red: 2F1(...,—C2)

= green nAn_Aka CAH_AK7 pA—Ak

Theoretical physics -10- Alexander Soderberg | alexander.soderberg@physics.uu.se



Branch cuts

I n n
Branch cuts for0< < — Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2 2

Imn Im n Imn

A conformal
edge

Bootstrap at
O(¢)

Analytic /‘ \\ ”/,/’ F\
structure K{ } Ren Ren ; \_/ Ren

Branch cuts originate from
m blue: 2F1(...,*T]2)
m red: 2F1(...,—C2)

= green nAn_Aka CAH_Ak7 pA—Ak

m purple: n&n—2« phe—Ak

Theoretical physics -10- Alexander Soderberg | alexander.soderberg@physics.uu.se



Branch cuts

I n n
Branch cuts for0< < — Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2 2

Imn Im n Imn

A conformal
edge

Bootstrap at
O(¢)

Analytic /‘ \\ ”/,/’ F\
structure K{ } Ren Ren ; \_/ Ren

Branch cuts originate from
m blue: 2F1(...,*T]2)
m red: 2F1(...,—C2)

= green nAn_Aka CAH_Ak7 pA—Ak
m purple: n&n—2« phe—Ak

m yellow: (A8 pA-A«

Theoretical physics -10- Alexander Soderberg | alexander.soderberg@physics.uu.se



UNIVERSITET

A conformal
edge

Analytic
structure

Bootstrap at
O(¢)

Strategy

L
Branch cuts for 0 < 8 < —
2

n b
Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2

Imn Imn

: | ) B

Strategy [Bissi, Hansen, AS, ’18], [Dey, AS, '20]
m Study discontinuity along n? < —1

disc f(n)

n2<—1
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= lim f(+ix+a)—f(-ix—a), x>1.
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L n b
Branch cuts for 0 < 8 < — Branch cuts for 6= — Branch cuts for — < 8 < 7t
2 2

Strategy [Bissi, Hansen, AS, ’18], [Dey, AS, '20]
m Study discontinuity along n? < —1
disc f(n) = lim f(+ix+a)—f(—ix—a), x>1.
n2<—1 o—0t
m Find an orthogonality relation.
m Project out BOE coefficients, cp.
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Only wall-channel contribute
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Only wall-channel contribute

i A A 27i(Dg—A A A

:d‘;%mormal CZjISC1 fwall(AmAk’n) — (1 — € 77:/( ¢ k))fwall(AmAk,n)

ne<-—
Analyti A~
strr‘zcytl:‘r:e Anf Ak F 2 1
Bootstrap at +#n 2 1('“5" + ) .
40

m Two >Fy’s!

m First term vanish for

Ap=0o+n, nez,
Ak:A(ijk, k:%ez.

Theoretical physics -12- Alexander Soderberg | alexander.soderberg@physics.uu.se



Discontinuity along n° < —1

Only wall-channel contribute

27i( A —A A A

Sl disc fun(Bn Arn) = (1- 748 (B, Ay

T] <
Analyti A~
strr‘zcytl:‘r:e Anf Ak F 2 1
Bootstrap at +#n 2 1('“5" + )
40

m Two >Fy’s!

m First term vanish for
Ap=0o+n, nez,

Ak:A(ijk, k:%ez.

The discontinuity is then a Jacobi polynomial

disc fuan(Bn, Aem) < (1= VTHEPEE (), t=—1-

n2<—1 n2-

Theoretical physics -12- Alexander Soderberg | alexander.soderberg@physics.uu.se



Orthogonality relation

UNIVERSITET

A conformal
ytic dISC fwall(An,Ak, )°< (1 — t)k\/ﬁp(k72 ( ) .
structure n2<—1

sl Orthogonality relation

+1

dtP(mkk;) (t) disc fuan(An, A1) o< S -
1 2 71 <1
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sl Orthogonality relation

+1 (k, 1)
/ dth k2 1( ) d|SC fwall(AmAk,n) o< 8mn .
-1 2 n <—1

m Can be used to project out the BOE coefficients cp,.
m Only orthogonal for even or odd m, n.
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n2<-1
Orthogonality relation

+1

atPY? (1) d

-1 2

dISC fwau(An,Ak, ) o< (1 _t)k\/ﬁp(nlﬂkz 1( ).

disc fyai(An, Ak, 1) o< Smn -

n2<—1

m Can be used to project out the BOE coefficients cp,.
m Only orthogonal for even or odd m, n.

¢ This is the case in d = 4 — £ dimensions
[Agnese Bissi, Tobias Hansen, AS, '18].
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Implication of k € Z

Ta o
k = 7 cZ = 0= 7 € 7[@ .
Finite number of images
0= 7%3 = #(images)=2b—1.
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The bootstrap equation

We expect an infinite amount of operators at &'(¢).
Expand the bootstrap equation as

f(n) = Gw+ Hw + O(€%) = Gy + H, + 0(£?) .

m Gy, G, contain the anomalous dimensions

f ~ A
Guw(n) = c§ ) fvan(Bos1. A ) .

m Hy, H, contain the BOE coefficients at &(¢).

Theoretical physics

HW(T]) :£ZSCnfwa“(n+1,k+1,n) .
n
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The BOE coefficients

f(n):Gw+Hw+ﬁ(82):Gr+Hr+ﬁ(82).

The discontinuity along n2 < —1
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o disc H, = — disc G, .
gt()g)tstrap at n2<_1 n2<_1

Hy is orthogonal

(t) disc Gy .

—1 n2<—1

k7
¢ o< / dtP(m z

This is our main result!
m No ramp-channel
m Enough to consider Neumann or Dirichlet b.c’s.
m Explained by a wall-ramp symmetry: n +— (.
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The BOE coefficients

m NN: k=2p
s & 1P (Fo=9)  Torslopines
Tt D)@PAN) A VAT s

m ND: k=2p+1

schP =

(~1)Pc8"Go—7(@p+1) Tnr s Tapints

(p+n+1)(2(p+n)+1) VaATy s
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The BOE coefficients

m NN:k=2p

:dzznformal SCNN ( 1)pc( )(fyo_fy) rn+gr2p+n+3 ‘
Analytic " (p+n+ 1)(2(p+n)+1) fr p+n 3

structure

2

Bootstrap at
0(e)

m ND: k=2p+1

)/~ A
SchD — (—1)p0(())(70—}’)(2p+1) FneiTopings ‘
(p+n+1)@P+n)+1) VAT 541043

m DD:k=2p
f)/a A
S5cbD — (- 1)/001( )(?’ -7) rn+3r2p+n+3
n .
2(p+n+1)(2(p+n)+3) VAT )4 s
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