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Boundary Conformal Field Theory (BCFT)

CFT dimension d

Boundary dimension d — 1

Co-dimension 1

—

Y
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Examples

Quantum Field Theory
free fields, Ising model, Wilson-Fisher; etc.
with a boundary




Defect Conformal Field Theory (DCFT)

CFT dimension d

Defect dimension P

Co-dimension d — D




Examples

Quantum Field Theory
Wilson lines, 't Hooft lines, surface operators, etc.




Questions

Can we define boundary and defect
central charges!?
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Review: Trace Anomalies

Review: Boundaries and Defects

1d Boundary or Defect
2d Boundary or Defect
3d Boundary or Defect
4d Boundary or Defect

Summary and Outlook



Microscopic/High-energy scales

Macroscopic/Low-energy scales







Quantum Field Theory

Generating functional /

Non-dynamical background metric ¢, ()

Stress-Energy Tensor

2 0
T = 75 597 In Z{g,, ]




Quantum Field Theory

Generating functional /

Non-dynamical background metric g, ()

Guv — O

0, T, = 0



Conformal Field Theory

Generating functional /

Non-dynamical background metric ¢, ()

Conformal Transformation

Diffeomorphism
o — o' (x)
such that

2Q(x)

guv(T) — € Juv ()



Conformal Field Theory

2Q2(x)

guv(T) — € Juv ()

1 o
T H = InZ\g,,.
H \/géﬂn [g,u]




Conformal Field Theory
flac space R

Rotations 2

) : U I3
Dilatations rr = AT

Special Conformal . — "
X ?
1 +2x7b, + b?x?

SO(d+ 1,1)
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What is the general form of 7'/ ?

da=4 CFT

T,u'u a ClR,u,/pgR’uV’OU -+ CQRW/R’W/ + 63R2 —+ C4
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What is the general form of 7'/ ?

gives constraints on the coefficients

T,u'u a ClR,u,/pgR’uV’OU -+ CQRW/R’W/ + 63R2 —+ C4




Trace Anomaly

What is the general form of 7'/ ?

gives more constraints on the coefficients

0

TM““ = 1R 0 RYP7 4+ o Ry, RPY + c3 R? +ﬂ
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Conformal Field Theory

What is the general form of T/ ?

d odd " =0

d even T #0
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“central charges”

“Weyl anomaly coefficients”
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Theory Cod
free massless scalar 1
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Theory a4d Cad
free massless scalar 1/360 1/120
free massless Dirac fermion 11/360 1/20
Maxwell 31/180 1/10
N=4 SYM with gauge algebra g | dim(g)/4 | dim(g)/4
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1 2 3
Cf(scz) — Cf(id) — Ce(scz)




Trace Anomaly

h;/ = dual Coxeter number
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® |d Boundary or Defect
® 2d Boundary or Defect
® 3d Boundary or Defect
® 4d Boundary or Defect

® Summary and Outlook



CFT
flac space R

Rotaions A
Tador o

: : I3 I3
Dilatations rr = AT

Special Conformal .+ — "
X ?
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BCFT + DCFT
boundary or defect in flat space

Rotations o N
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boundary or defect in flat space
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BCFT + DCFT

boundary or defect in flat space
SO(d+1,1) - SO(p+1,1) x SO(d — p)
2 \

conformal transformations rotations around
preserving the boundary/defect the defect




BCFT + DCFT
boundary or defect in flat space

xH with p=1,2,3,...,d




BCFT + DCFT

ut _ Sd—p =2\ 1M
0, T"" =0""P(x)D
Displacement operator [’

T4 = (1] + 84 77(3) [T,

defect

D [TJ_J_] bulk

[TbJ_} defect

8a [Tab} bulk

p=d—1



BCFT + DCFT

boundary or defect in flat space
0,TH" = §°P(¥) D"

Displacement operator [D*

T4 = [T], + 0477 (@) [T

p




BCFT + DCFT
boundary or defect in flat space

0,T" = 5% P(F) D"’

Displacement operator [D*

T4 = (1] + 84 77(3) [T,




Questions
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What is the general form of [Tu“]p?

Dependson d and P



Geometry of Submanifolds
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“target space” s
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1d Boundary or Defect

What is the general form of T,u, !
Non-zero only when d = 2

(codimension d —p=1)
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® |d Boundary or Defect

2d Boundary or Defect
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2d Boundary or Defect

What is the general form of [Tpﬂp:z !

Berenstein, Corrado, Fischler, Maldacena hep-th/9809188
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2d Boundary or Defect

f
Type A




2d Boundary or Defect

b-theorem

Jensen and O’Bannon 1509.02160
Casini, Landea, Torroba 1812.08183,2303.16935




2d Boundary or Defect

Bianchi, Meineri, Myers, Smolkin 1511.06713
Herzog + Huang 1707.06224
Herzog, Huang, Jensen 1709.0743 |

Displacement operator [’




2d Boundary or Defect

Weyl tensor

d=3 = W,

0

(codimension d —p > 1)



BCFT + DCFT
boundary or defect in flat space

Co-dimension d —p > 1

SO(d+1,1) = SO(p+1,1) x SO(d — p)

symmetry allows




2d Boundary or Defect

Bianchi, Meineri, Myers, Smolkin 1511.06713
Jensen, O’Bannon, Robinson, Rodgers 1812.08745




CFT

Average Null Energy Condition (ANEC)

Faulkner, Leigh, Parrikar,Wang 1605.08072
Hartman, Kundu, Tajdini 1610.05308




BCFT + DCFT

Average Null Energy Condition (ANEC)

Jensen, O’Bannon, Robinson, Rodgers 1812.08745
Casini Landea, Torroba 2303.16935

—
_Ja

hz0 = dp20
null ray

defect




2d Boundary or Defect

Kobayashi, Nishioka, Sato, Watanabe 1810.06995
Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Area
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Examples

Theory BC b dl dz
Scalar  |Dirichlet| —1/16 | 3/32 N/A
Scalar  |Neumann| 1/16 3/32 N/A

Fermion Mixed 0 3/16 N/A

Nozaki, Takayanagi, Ugajin 1205.1573

Jensen and O’Bannon 1509.02160

Fursaev and Solodukhin 1601.06418




Examples

Theory BC b dl dz
Scalar  |Dirichlet| —1/16 | 3/32 N/A
Scalar  |Neumann| 1/16 3/32 N/A
Fermion Mixed @ 3/16 N/A
4 1
\If: — 5 (1 1 ’yx) |\

y

Dirichlet for W, or W_
+ Neumann for W_ or ¥




Examples

Theory BC dq do
Scalar | Dirichlet 3/32 N/A
Scalar  |Neumann ‘ 3/32 N/A

Fermion Mixed 0 3/16 N/A




Free, massless, real scalar
Neumann B.C.

SECFT — SporTt /d3$ 6(z) m*®*(Z)

Ngp2 =1 <2

Free, massless, real scalar
Dirichlet B.C.



Neumann B.C.

buv > br

Dirichlet B.C.
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Examples

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745
Bianchi + Lemos 1911.05082
Chalabi, O’Bannon, Robinson, Sisti 2003.02857
Drukker, Probst, Trépanier 2003.12372,2009.10732,2012.11087
Drukker, Giombi, Tseytlin, Zhou 2004.04562
Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197

dy = 24(A, p) + 6(A, )

A = highest weight p = Weyl vector
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Drukker, Giombi, Tseytlin, Zhou 2004.04562
Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197

supersymmetry —> di = do
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Examples

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745
Bianchi + Lemos 1911.05082
Chalabi, O’Bannon, Robinson, Sisti 2003.02857
Drukker, Probst, Trépanier 2003.12372,2009.10732,2012.11087
Drukker, Giombi, Tseytlin, Zhou 2004.04562
Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197

All three are invariant under the Weyl group

and complex conjugation of the representation R — R”



Examples

Ad S+ probe brane

Graham + Witten hep-th/9901021
Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Henningson + Skenderis hep-th/9806087,9812032
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3d Boundary or Defect
/

What is the general form of [1,"] _,

Non-zero only when d =4

(codimension d —p=1)




3d Boundary
Herzog, Huang, Jensen 1510.00021, 1709.0743 1




3d Boundary
Herzog, Huang, Jensen 1510.00021, 1709.0743 1
Fursaev 1510.01427 Solodukhin 1510.04566




3d Boundary




3d Boundary
Herzog, Huang, Jensen 1510.00021, 1709.0743 1
Fursaev 1510.01427 Solodukhin 1510.04566

Displacement operator [)




3d Boundary
Herzog, Huang, Jensen 1510.00021, 1709.0743 1
Fursaev 1510.01427 Solodukhin 1510.04566

Displacement operator [)




Examples

Scalar 1/360 | 1/120 | Dirichlet | 2/35 | 1/15

Scalar 1/360 | 1/120 | Neumann | 2/45 | 1/15

Fermion | 11/360 | 1/20 Mixed 2/7 | 2/5

Maxwell | 31/180 | 1/10 | Electric | 16/35 | 4/5

Maxwell | 31/180 | 1/10 | Magnetic | 16/35 | 4/5
do = 8 Ccyq (with interactions, no longer true)
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4d Boundary or Defect
/

What is the general form of [1,.| _,




4d Boundary or Defect

1 N
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\
Type B

f
Type A




4d Boundary or Defect
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4d Boundary or Defect
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4d Boundary or Defect
} p=4 (471r)2 (4 + 1T+ do Tz + dzWapegW ™ + da(Wep™)?
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b-theorem

Wang 2101.12648
Casini, Landea, Torroba 2303.16935




Free, massless, real scalar
Neumann B.C.

SECFT — SporTt /d% 0(x) m* & ()

Agp2 =3 < 4

Free, massless, real scalar
Dirichlet B.C.



Neumann B.C.

buv > br

Dirichlet B.C.




4d Boundary or Defect
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Displacement operator [)*

Chalabi, Herzog, O’Bannon, Robinson, Sisti 21 | [.14713



4d Boundary or Defect
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4d Boundary or Defect
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Average Null Energy Condition (ANEC)
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Chalabi, Herzog, O’Bannon, Robinson, Sisti 21 11.14713  Casini, Landea, Torroba 2303.16935
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4d Boundary or Defect
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+ di9'IT ]0121012]013]013 + dog'IT f[zf[j]ollﬁ] + doq (TI‘ ]OIZ]OIZ)Q + dQQ(Tl“ ]OIZ]OI])(TI‘ ]OIZ]OI])

(d—5)(d—4)
d—1
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Example

AdS» probe brane

b | dy do ds | dy dg d7 | dg dg d1g di1
1] 1| L 1 1 ~ (3d+2) 0 0 2 ~ (d=2) ~ (3d—10)
1 i—4 | 1 | 1 | 3[@=2) 9(d—4) 3(d—4) 6(d—4) 3(d—4)
di2 dis3 d14 dig di7 dig dig | dog | d21 | doo
2 1 6—d 2(2d—7) (7d—22) (d+2) _1 | =1 1 1
3(d—1) 2 | 3(a=4) | 3[d=12) | 3(d=D | 3(d=1) 3(d—1) 2| 1 | 2

in units of T°L°T
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Qutline:

® Review: Trace Anomalies
® Review: Boundaries and Defects

® |d Boundary or Defect
® 2d Boundary or Defect
® 3d Boundary or Defect

® 4d Boundary or Defect

Summary and Outlook



Summary

Can we define boundary and defect /
central charges!?
(work in progress) «

(work in progress)

v

(work in progress)



Outlook

thermal entropy?




