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Examples

M-theory: M2s ending on M5s




Defect Conformal Field Theory (DCFT)
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Examples

M-theory: M2s ending on M5s
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Central Charge

A.B. Zamolodchikov
JETPVol. 43 No. 12 p. 565, 1986
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Microscopic/High-energy scales

Macroscopic/Low-energy scales




Quantum Field Theory

Generating functional /

Non-dynamical background metric g, ()

Stress-Energy Tensor




Quantum Field Theory
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Conformal Field Theory

Generating functional /

Non-dynamical background metric g, ()

Conformal Transformation
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Conformal Field Theory
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Conformal Field Theory

G (T) — Oy
d > 2
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Conformal Field Theory

G (T) — Oy
d =2

complex coordinates 2, 2

Conformal Transformation

z — w(z) zZ — w(Z2)



Conformal Field Theory

G (T) — Oy
d =2




Conformal Field Theory
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Conformal Field Theory
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Conformal Field Theory
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Central Charge

Reflection positivity (unitarity)
vacuum state normalizability
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Central Charge
Counts the number of degrees of freedom

Stress tensor 2-pt. function

(T ()T (0)) = L

A.B. Zamolodchikov
JETPVol.43 No. |2 p. 565, 1986




Central Charge
Counts the number of degrees of freedom

Cardy NPB 270 (186) 1986

System size L Temperature [
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Central Charge
Counts the number of degrees of freedom

Trace Anomaly
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Central Charge
Counts the number of degrees of freedom

Trace Anomaly
CFT inany d
d odd T} =0
d even Tr#0
d = 2 T H = - R

H 27



Central Charge

Counts the number of degrees of freedom
Entanglement Entropy (EE)
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Central Charge
Counts the number of degrees of freedom
Entanglement Entropy (EE)
d=2CFT

Holzhey, Larsen,Wilczek hep-th/9403108  Calabrese + Cardy hep-th/0405152

interval of length ¢

short-distance cutoff &
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BCFT and DCFT
d = 2 boundary or defectin d > 3 flat space
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BCFT and DCFT
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BCFT and DCFT

SO(d+1,1) — SO(3,1) x SO(d — 2)
/! X

conformal transformations rotations around
preserving the boundary/defect the defect




BCFT and DCFT
d = 2 boundary or defectin d > 3 flat space.
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BCFT and DCFT
d = 2 boundary or defectin d > 3 flat space.
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BCFT and DCFT
d = 2 boundary or defectin d > 3 flat space
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BCFT and DCFT
d = 2 boundary or defectin d > 3 flat space.

Ward Identities
0, T"" = 6 2(z7) D"

Displacement operator [°




BCFT and DCFT
d = 2 boundary or defectin d > 3 flat space
Ward Identities
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Central Charge
d = 2 boundary or defectin d > 3 BCFT or DCFT

| Virsoro T s e ¢

Stress tensor 2-pt. function 777777

Billo, Goncalves, Lauria, Meineri
1601.02883

Prochazka
1804.01974
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Central Charge
Counts the number of degrees of freedom

Trace Anomaly
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Central Charge
Counts the number of degrees of freedom

Trace Anomaly
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Central Charge
d = 2 boundary or defectin d > 3 BCFT or DCFT

I, = [Tuu}bulk + 67 [Tuu}z

Berenstein, Corrado, Fischler, Maldacena hep-th/9809 188
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Trace Anomaly

What is the general form of T * 1

da=4 CFT

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




Trace Anomaly

What is the general form of T * 1

Fixes some coefficients

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




Trace Anomaly

What is the general form of T * 1

Fixes more coefficients

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



Trace Anomaly
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Trace Anomaly

d=4 CFT
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central charges a and C



Trace Anomaly
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Trace Anomaly

Osborn NPB 363 (1991) 486



Central Charge
d = 2 boundary or defectin d > 3 BCFT or DCFT

I, = [Tuu}bulk + 67 [Tuu}z

Berenstein, Corrado, Fischler, Maldacena hep-th/9809 188
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Geometry of Submanifolds
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Central Charge

in general, b can depend on bulk marginal couplings

Bianchi 1907.06193



Central Charge

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




Central Charge

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

Displacement operator

V. TH = §%2(2?) D’




Central Charge

Herzog, Huang, Jensen 1709.0743 |

d=3




Central Charge

Weyl tensor

d=3 = W,

0

> defect co-dimension > 1




Central Charge

>< SO d — 2 symmetry implies

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




Central Charge

Average Null Energy Condition (ANEC)

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




Central Charge

Average Null Energy Condition (ANEC)
Jensen, O’Bannon, Robinson, Rodgers 1812.08745
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Central Charge
d=2 N =(2,0) supersymmetry

dy = da

Bianchi and Lemos 1911.05082
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Central Charge
Entanglement Entropy
d=2CFT

Holzhey, Larsen,Wilczek hep-th/9403108  Calabrese + Cardy hep-th/0405152

interval of length ¢
short-distance cutoff &




Central Charge

semi-circle of radius /

centered on the boundary




Central Charge

Fursaev and Solodukhin 1305.2334, 1601.06418 Bethiere + Solodukhin 1604.07571




Central Charge

sphere of radius /

centered on the defect




Central Charge

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

Area
S§§T:#€d > 8d_4 ...+ FHaln(l/e)+H#+ ...

1 d—3
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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
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Examples

Theory BC b dl dz
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Examples

Theory BC do
Scalar Dirichle N/A

Scalar  |Neumann N/A

Fermion Mixed 3 / 16 N/A

Herzog, Huang, Jensen 1709.0743 |




Examples

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

Fermion N/A

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




Free, massless, real scalar
Neumann B.C.

SECFT — SporTt /d3$ 6(z) m*®*(Z)

Np2 =1 < 2

Free, massless, real scalar
Dirichlet B.C.



Neumann B.C.

buv > br

Dirichlet B.C.



Examples

AdS5 probe brane

Graham + Witten hep-th/990102|
Jensen, O’Bannon, Robinson, Rodgers 1812.08745




Examples

M5

M2




Examples

— OO




Examples

R




Examples

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745
Chalabi, O’Bannon, Robinson, Sisti 2003.02857

A\ = highest weight  p = Weyl vector
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Outlook

Constraints! Bounds? c-theorems?




Thank You.




