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AdS/CFT correspondence

Theory of gravity (I1B)

Holographically dual 4d NV =4
defined on Anti de -
R* « g2,,N SuperConformal
Sitter space-time of the N
Atgs = gium gauge theory

form [Maldacena -1997] G=SU(N)

AdSc x S°

0 - 1

N D3 branes

Salvo Mancani Unoriented AdS/CFT



AdS/CFT correspondence

Theory of gravity (I1B)

Holographically dual 4d NV =4
defined on Anti de -
R* « g2,,N SuperConformal
Sitter space-time of the N
Atgs = gium gauge theory

form [Maldacena -1997]

G=SU(N)
AdSc x S° D
= X
AdS: x H> N D3 branes G=][SUWN), N =12

[Morrison, Plesser -1998]
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Toric geometry and Brane Tiling

Given a particular geometry, what is the local physics? Focus on Toric geometries:
U(1)? x U(Dg

(+1)

=

v

(+1)
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Toric geometry and Brane Tiling

Given a particular geometry, what is the local physics? Focus on Toric geometries:
U(1)? x U(Dg

Brane Tiling

1
(+1) N //
< [Franco, Hanany, Kennaway, Vegh, Wecht - 2005]
0 0
1o Dictionary: < 0
' 1

*
.
—
|
N
=

v

Face - Gauge group
1 | 1 | Edge — Matter field
Node — Interaction term

Example: G = SU(N,) x SU(N,) —

Wes g, = bo(Xg1 X7 — X1 X1o) + p1(X10XG1 — X70X31)
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Involution Q:
/

Reverses
World-sheet
Orientation

Example:

w O
(I

Orientifold projection

(1"

N

Space-time
reflection

= Je

Projects left-movers

— O-planes at the Z, fixed points

O3* plane, near horizon space AdSs X S°/Z,
and gauge side V' = 4 with gauge group USp(N), SO(N) [witten - 1998]
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Involution Q:

Orientifold projection

(1"

W o0
e e

_— \ Projects left-movers
Reverses
World-sheet Space-time , ,
Orientation eflection O-planes at the Z, fixed points

Example:
O3* plane, near horizon space AdSs X S°/Z,
and gauge side V' = 4 with gauge group USp(N), SO(N) [witten - 1998]

Why the orientifold Q7

- It allows for SO, USp gauge groups and tensor matter fields [Bianchi, Sagnotti - 1990 ; Witten - 1998]

- Present in all attempts to reproduce the MSSM [wijnholt - 2007]

- It changes the qualitative feature of RG flow and IR dynamics [Argurio, Bertolini - 2017]
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Orientitfold projection on Brane Tiling

INn [Franco, Hanany, Krefl, Park, Uranga, Vegh - 2007], they Study the ZZ involution of the torus with
fixed loci. Such loci correspond to O-planes in the configuration, their charge determines

the projection as

Face Edge
Charge SU(N) Bifundamental ( O,0)
+ SO(N) Symmetric [

- USp(N) Antisymmetric H




Fixed point orientifold on Brane Tiling

Parent:
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Fixed point orientifold on Brane Tiling

Parent: /l/// 1
0
X
l 70 709/ g
1 1
x ™
71 T11
C3/Z,
C[,mlo e Black nodes to white nodes
~_
¢+ [Ir=(D"w/?
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Fixed point orientifold on Brane Tiling

Parent:

Salvo Mancani

Black nodes to white nodes

¢+ [Ir=(D"w/?

Unoriented AdS/CFT

Q = (79, To0, T1, T11)

G =SO(Ny) XUSp(Ny), Qpa=(+,—,—,+)

Q
W@3?ZZ = AoXg1XTo — S1X{0X51 » N =2




Parent:
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Fixed point orientifold on Brane Tiling

1 / 1
/ -
0
X
70 0/
1 1
b £
1 711

 Black nodes to white nodes

¢+ [Ir=(D"w/?

Unoriented AdS/CFT

Q = (79, To0, T1, T11)

H—0 1)—(T]

~_
G =SO(Ny) XUSp(Ny), Qpa=(+,—,—,+)

Q
W@3‘>ZZ = AoXg1XTo — S1X{0X51 » N =2

(T— 1)A1 —
~_

G = SO(N()) X USp(Nl) , QB = (+,+,_,_)

wils

C3/7, — SOX&lxlzo _A1X120X(}1 , N =1



Fixed lines orientifold on Brane Tiling

Parent:

]

Conifold
C

TN

0 1

~_
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Fixed lines orientifold on Brane Tiling

Parent: 0
0
Conifold -
C
/\
N * Black (white) to black
(white) nodes
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Fixed lines orientifold on Brane Tiling

Q - (TOJ Tl)
Parent: 0
0/—\1
D v
0
Conifold P G = SO(No) x USp(N1) , Qa = (+,-)
c WE = X3y (X3 X2 (X387 — Xy (K33 (K3
/\l
o * Black (white) to black
(white) nodes
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Supersymmetric Theories

We focus (mainly) on 4d ' = 1 SCFT with

* gauge group G = [], G,

* matter fields X,p, Xp¢, ... in some representation p of G

» superpotential W(X) ,e.q9. Tr(XopXpcXca)

* global symmetries [[;U(1);,[SU(),...], R-symmetry U(1)g



Supersymmetric Theories

We focus (mainly) on 4d ' = 1 SCFT with

* gauge group G = [], G,

* matter fields X,p, Xp¢, ... in some representation p of G

» superpotential W(X) ,e.q9. Tr(XopXpcXca)

* global symmetries [[;U(1);,[SU(),...], R-symmetry U(1)g

The exact beta-function NSVZ for the gauge coupling g reads

B = — g% 3Taaj—2iTp;(1-vy) Gauge
— - .
g 16 1— TAdjsgnz

A= SR=1+41 % (VV
Bg=0 - Ty +2,T, R —-1)=0 —

R-symmetry anomaly-free gauge




SCFT: reach the maximum

Any abelian global factor U(1), mixes together with the R-symmetry U(1)g

For a general SUSY theory, the combination is not uniquely defined: R = R(x, y, ...).



SCFT: reach the maximum

Any abelian global factor U(1), mixes together with the R-symmetry U(1)g

For a general SUSY theory, the combination is not uniquely defined: R = R(x, y, ...).

On the contrary, there is a unique superconformal R-symmetry given by the local maximum

[Intriligator, Wecht - 2003] Of
3 3
a= 3—2(3 TrR° —TrR),
T =aE,+cW?,

J7i

The central charge a stands as a ‘counting’ of the d.o.f. and a;z< ayy [Komargodski, Schwimmer - 2003]



Unoriented Conformal Theories (?)

The parent theory is a SCFT.

What is the fate of the conformal invariance after the orientifold involution Q7?

a) Usually broken, e.g. Conifold
b) 'Restored’ by the presence of flavour branes [Bianchi, Inverso, Morales, Pacifici - 2014]
c) Same R-charges of the parent (at large N)



Unoriented Conformal Theories (?)

The parent theory is a SCFT.

What is the fate of the conformal invariance after the orientifold involution Q7?

a) Usually broken, e.g. Conifold
b) 'Restored’ by the presence of flavour branes [Bianchi, Inverso, Morales, Pacifici - 2014]

c) Same R-charges of the parent (at large N)
Check the resulting V' = 1 theory:

Find non-anomalous U(1)s

Impose R-symmetry U(1)y is anomaly-free - R=R(x,y,...)

Impose R(W) = 2 /
a-maximization on a = 3%(3 Tr R® —TrR) .
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What is the fate of the conformal invariance after the orientifold involution Q7?



Unoriented Conformal Theories (?)

What is the fate of the conformal invariance after the orientifold involution Q7?
1

2
Rab=rab+1, e.g. Rab=§ - T'ab=—§

» Usually broken, e.g. Conifold with Ny =

Nl - N
v
0 W = X5 (X5 X5 (X5)T

— X3 (X3 DT XG (XE)T

1, .2 _
To1 + 751 = —1

A

4N + 14 N = —(N — 2) - No solution
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Unoriented Conformal Theories (?)

What is the fate of the conformal invariance after the orientifold involution Q7?

2 1
Rab=rab+1, e.g. Rab=§ - T'ab=—§

» Usually broken, e.g. Conifold with Ny = « Same Conformal point of the parent, e.g.
Ny =N Conifold with Ny = Ny — 2 [Naculich, Schnitzer, Wyllard
-2001]
0 RN N
0 1 0 0 1
v v
G = SO(Ny) x USp(N,) G = SO(No) X USp(N,)
0 Wi = x5 (XE)TXE, (X3DT We' = Xo1 (X5 X5 (X5)"
— 0
Xy () X BT o1 (Ko1)o, (Ko)”
~ ~ B 1
o1 + 151 = —1 T+ 78 = —1 rd = —=
TN +1rE4 N=—-(N—-2) - No solution |4 Gort1d1) (Np —2) = —(Np — 2) e .
1 4.2 — 2 =
TN + 18, N = —(N + 2) (To11791) No = —(No) To1 2
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Unoriented Conformal Theories

Contributions to the central charge are halved at large N, with the same R-charges

9
Q 3
= —TrR
a 37 r
0 3 31 2 1
=35 Rap =1 NeNpt+ ... + (R = D*SNINE2) + (Ng — D+ .oNNED) ]
Bifundamental contribution, Tensor contribution Gauginos contribution
half of the parent
al 1
—=

1 0/\1 T This happens for the choices Q, of C3/Z,
~_ and Q, of Conifold with SO(Ny) X USp(N, — 2)



Mass Deformation and Orientitold

Parent theories: C3/Z, can be mass deformed via AW = m?(¢,* — ¢42).
Below the mass scale, the effective theory is the Conifold [Kiebanov, Witten - 1998]

In brane tiling models, the mass term breaks toricity, but can be restored in the effective
theory [Bianchi, Cremonesi, Hanany, Morales, Pacifici, Seong - 2014]

. 1 N2 _ 27 a2
0 ' D 0
/\/ 0
1
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Mass Deformation and Orientitold

Parent theories: C3/Z, can be mass deformed via AW = m?(¢,* — ¢42).
Below the mass scale, the effective theory is the Conifold [Kiebanov, Witten - 1998]

In brane tiling models, the mass term breaks toricity, but can be restored in the effective
theory [Bianchi, Cremonesi, Hanany, Morales, Pacifici, Seong - 2014]

. _1 02 _ 27 a2
0 ' D 0
/\/ 1 . G _ % [Tachikawa, Wecht - 2009]

a(c3/ZZ
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Mass Deformation and Orientitold

Parent theories: C3/Z, can be mass deformed via AW = m?(¢,* — ¢42).
Below the mass scale, the effective theory is the Conifold [Kiebanov, Witten - 1998]

In brane tiling models, the mass term breaks toricity, but can be restored in the effective
theory [Bianchi, Cremonesi, Hanany, Morales, Pacifici, Seong - 2014]

. _1 02 _ 27 a2
0 ' D 0
/\/ 1 . G _ % [Tachikawa, Wecht - 2009]

a(c3/ZZ
Similarly, the orientifold theories are connected
Q ag® 27
/‘\ AW 3A — mZ(AOZ _ 512). /—\ c _ 2/
- C>/Z Q
e . g N G,
Qa
WA = AgX3 1 XFy — S1XF0 X1 We? = Xo1(X51) X561 (Xo1)" — Xo1 (Xo) " X51 (X5)"

Cc3/7,
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A new scenario

What about choice Q5 forC3/Z,?

C ey _ 2T
S
C/Z; 128
—(0 I—H | Ro=Rr, =1,

~_ .

Q
Wb, = 50X31X120 - A1X120X31

(Cs/ZZ SO(N()) X USp(NO - 2)
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A new scenario

What about choice Q5 forC3/Z,?

[T l]/\l —

We

Qg

~_

3/7, 50X31X120 - A1X120X31

Salvo Mancani

27
Qp  _ 2 _ N2
aC3/Z2 128 a((:?)/ZZ — 2 N
— — 2
Rs—RA—l, R¢0=R¢1=R01=R10=—

SO(Ny) X USp(Ny —2) | SU(Ng) X SU(Ny — 2)

k Compare J

Unoriented dualities

’

Wes g, = €;(PoX51 X1y + P1X10X],)
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A new scenario

What about choice Q5 forC3/Z,?

a((:?»/zz ZE N2

(T—0 I—H — — 2
N~ | Rs=Ra=1, Rpy =Ry, = Ror =Rip =3, |

Qg
W(Cs/zz

_ 1 v2 _ 2 vl _ ] ] i v
= SoX01X10 — A1X10X01 SO(N,) x USp(Ny — 2) SU(Ny) X SU(Ny — 2) W(c3/z2 = 6ij(¢0X61Xfo + ¢1XfoX(]>1)

k Compare J #

@ 3B/z 1
—t 1 . C . .
Third’ scenario : a—z <3, d.o.f. are more than halved by the orientifold
€3/
\ [Antinucci, SM, Riccioni - 2020 ; Antinucci, Bianchi, SM, Riccioni - 2021] /
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The third scenario

What is happening ?

Qg is N =1, set of conditions on R-
symmetry fix all R-charges;
maximization of a is not needed

Parent theory (as Q4) is N = 2, whose
R-symmetry group is SU(2) x U(1)p.
Abelian subgroup of SU(2) mixes with
U(1)g: central charge is maximized
over 1 variable

K Compare \

8 27 1
Qp _ =27 2 _ 2
ac3/zz_128N a<C3/Zz_§N
— — 2
RS_RA_ll R¢O=R¢1=R01=R10=§
1
R01—R10—5,
SO(Ny) X USp(Ny — 2) SU(Ny) X SU(Ny — 2)
[T— ()/\1—5 Cumlo
\_/ v



The third scenario

What is happening ?

Qg is N =1, set of conditions on R-
symmetry fix all R-charges;
maximization of a is not needed

Parent theory (as Q4) is N = 2, whose
R-symmetry group is SU(2) x U(1)p.
Abelian subgroup of SU(2) mixes with
U(1)g: central charge is maximized
over 1 variable

Between parent and Qg we are losing a
u()!

K Compare \

r 27 1
Qp _ =27 2 _ 2
aC3/22—128N aCs/Zz_EN
_ _ 2
RS_RA_1 R¢O=R¢1=R01=R10=§
Ry1 = Ry =
SO(Ny) X USp(Ny — 2) SU(Ny) X SU(Ny — 2)
Dj—()/\l—B Cumlg
\_,/ v




Unoriented IR Duality

K Compare \

C/Z2 128 c 128
Rs=Rs=1, R01—R10—1,
1
ROl — RlO - E ’
SO(Ny) X USp(Ny — 2) SO(Ny) X USp(Ny — 2)
/_\ /_\
(—0 1 —H 0 1
\_,/ v
W, = SoX8iX2 — A X7oXey W' = Xd (X3)TX3 (X3)T

—Xo1 (X3 TXG (XE)T

Not the whole story yet...

The matter content of orientifold Qg of
C3/Z, and Q, of C differ by tensor
fields... whose contribution to
anomaliesis (R — 1) = 0 (their
contribution to the index as well)

Orientifold Qg of C3/Z,and Q, of C
share the same 't Hooft anomalies,
central charge a and index



Unoriented IR Duality

K Compare \

C/Z 128 ¢ 128
= = 1
Rs=Rs=1, Ro1 = Ryo =73,
1
Ro1 = Ryo = >
SO(Ny) X USp(Ny — 2) SO(Ny) X USp(Ny — 2)
/_\ /_\
(—0 1 —H 0 1
\_,/ v
W, = SoX8iX2 — A X7oXey W' = Xd (X3)TX3 (X3)T

—Xo1 (X3 TXG (XE)T

Not the whole story yet...

The matter content of orientifold Qg of
C3/Z, and Q, of C differ by tensor
fields... whose contribution to
anomaliesis (R — 1) = 0 (their
contribution to the index as well)

Orientifold Qg of C3/Z,and Q, of C
share the same 't Hooft anomalies,
central charge a and index

Smells like a duality!



Unoriented IR Duality

H—U/—\I—ED (CB/ZZ)QA
0 )(TX/Z—S ¥2 1 Orientifold Qg of C* /Z, and Q, of € share
C the same 't Hooft anomalies, central

charge a and index

Qa
Wc = X&l (Xgl)TXgl (X31)T

_X01(X31)TX31(X§1)T W 5 = 50X31X120 - 51X120X&1
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Unoriented IR Duality

H—U/—\I—ED (CB/ZZ)QA
0 M_S ¥2 1 Orientifold Qg of C* /Z, and Q, of € share
C the same 't Hooft anomalies, central

charge a and index

Conformal duality

(C3/Z,)%®

Qa
Wc = X&l(Xgl)TXgl(X&ﬂT
Q
_X01(X&1)TX31(X31)T W55 5 = 50X31X120 - 51X120X&1
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A class of dual families

It can be generalized to (L#?%)%
[Antinucci, Bianchi, SM, Riccioni - 2021]

Salvo Mancani Unoriented dualities almost done



. i (3n—1)/2
A class of dual families @m0 /[ (/)" J (0 7o)
It can be generalized to (L#?%)% [ Tr=+ |
[Antinucci, Bianchi, SM, Riccioni - 2021] / \
—
[ 1 [ 2. ‘ g:% ¥, F)
(£, £ F F) (£, F, £, F) 0 = $nN?
oo = P =)
k a1 A | a g | X J

Mass Deformation

¥ /\
Mass

S 4 §2 A a+1,m) ¢
a | Deformation (SPP/Z;,) (L A+, )
p =270 [I7=+1 [ =+1
-~ s (j:a j:: +, q:) (:t, :t, =+, :F)
I, \l I’ \l
\ \
'Y /I Y // = X v
B(———()<—>1<—->2<—>3—-->[1‘_‘] g —— § —— . 42 — 8L A2
SO(N) SU(N —2)SU(N —4) USp(N — 6) (SPP/Zy,) (L") o Ml
[[T=+1 Fixed lines @ <2
(£, £ F F) (£, F)
a* 1 a't 1
T <3 T = )

Salvo Mancani almost done



n even n odd
i n=3n/2 n=3n-1)/2
A class of dual families - ) (O J i
It can be generalized to (L#?%)% [ =+ ]
[Antinucci, Bianchi, SM, Riccioni - 2021] / \
— , , [Ir=-1 ]
QB fla (+FFF
(£, £ F, F) (£, 7 £, F) 0 = $nN?
ate = JNr at?* = InN? a1
alB 1 ﬂ 1 i J
a 5 L a 2 )
b d Mass Deformation
: . L] v /"\
| Mass - —
a ! Deformation (SPP/Z;,) (LHJHFI’H)
p =270 [I7=+1 [ =+1
i e (j:’ j:’ :F’ :F) (iu :tr q:: :F)
‘\ /I \\{ // \—/
Be——()<——>1<——>2<——>3—-~>[1:] . — \ o = 8L, N2
SO(N) SU(N —2)SU(N —4) USp(N — 6) (SPP/Zy,) (L") 0 M’l
[[T=+1 Fixed lines @ <32
[Amariti, Fazzi, Rota, Segati - 2021] (£, +, F, T) (+,F)
generalised further this picture and a® 1 a? _ 1

explored the origin of the duality ‘ \_/ )

. a” = ,2)6
Salvo Mancani almost done



The only chiral pair: Pseudo del Pezzo

A O

Pdpgc PdP3b




The only chiral pair: Pseudo del Pezzo

PdP;,
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The only chiral pair: Pseudo del Pezzo
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The only chiral pair: Pseudo del Pezzo

Q = (79,73, T24,T51) Q = (10, 73)
Q _
WP%1P3C = X03X01X13 — X02X23X03 WPdP3b - _X03X01X13 + X02X23X03
[+ Xo2422(X12)T (Xo)T — S11X13(X23)T (X12)T } + X01X12422 (X12)T (XKo" — (X23)T (X12)7 811 X12X23
+ (X13)7S11X13 — Xo2422(Xo2)T
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The only chiral pair: Pseudo del Pezzo

PdP,, \\ // PdP,,
Y
3

Q = (79,73, T24,T51) Q = (10, 73)
Q _
WP%1P3C = X03X01X13 — X02X23X03 WPdP3b - _X03X01X13 + X02X23X03
[+ Xo2422(X12)T (Xo)T — S11X13(X23)T (X12)T ] + X01X12422 (X12)T (XKo" — (X23)T (X12)7 811 X12X23
+ (X13)7S11X13 — Xo2422(Xo2)T

Qp =(H+,—,—+) Qg =(—+,—+)

SO(N) x SU(N) X SU(N +2) X | USp(N — 2) x SU(N) x
USp(N + 2) SU(N) x SO(N + 2)
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The only chiral pair: Pseudo del Pezzo

PdPs, \\ // PdP;,
Y
3

0= (TO,T3,T24,T51) 0= (To; T3)
Q _
WP%1P3C = X03X01X13 - X02X23X03 WPdPgb — _X03X01X13 + X02X23X03
[+ Xo02A22(X12)T (Xo1)T — S11X13(X23)T (X1)T ] + Xo1X12422 X12)" (Ko1)" = (X23)T (X12)7S11X12X53
+ (X13)7811X13 — Xo2422 (Xo2)"

QA = (+; Ty +) QB = (_) +l _; +) O = (_, _|_)

SO(N) x SU(N) x SUN +2) x | USp(N —2) x SU(N) x USp(N — 2) x SU(N) X

USp(N + 2) SU(N) X SO(N + 2) SU(N) X SO(N + 2)

Salvo Mancani Unoriented AdS/CFT 20



The only chiral pair: Pseudo del Pezzo




The only chiral pair: Pseudo del Pezzo

'Q'A = (+! T +)

SO(N) x SU(N) X SU(N + 2) X USp(N + 2)

P 2V3
03 = 3
V3
R12=R22=R11=1—?
V3 5
R01=R02=R13=R23=? a4 =—-

Salvo Mancani

Unoriented AdS/CFT
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The only chiral pair: Pseudo del Pezzo

'Q'A = (+! T +)

SO(N) x SU(N) X SU(N + 2) X USp(N + 2)

2v/3
Roa =2 =3~ 0 3)
R12=R22=R11=1—? ;
V3 3v3

01 02 13 23 3 a _8 N H
GBZ(_)+)_;+) \QQB<1 a.Q 1
USp(N — 2) x SUNN) x SUN) x SON +2) | & * a 2
R12=7—3\/5

Roz = Ro3 = Ry3 =3 —3V5 Q q 27 ,
02 7= 703 — s a’’B =aq =§(5\/§—11)N

@1=R23=R22=R11=2\/§_4

/

Salvo Mancani

Unoriented AdS/CFT

(e N

USp(N — 2) X SU(N) X SU(N) X SO(N + 2)
Ry, =7 —3V5

R02 - R03 == R13 - 3_ 3\/5

Q01=R23 = Ry, =R11=2\/g_4

/

21



The third scenario

Is the third scenario ‘safe’?

- R-charges are different than the parent and it is not granted that the unitarity bound
(A > 1) holds

- If not, some gauge-invariant operators decouple and other global U(1)s emerge: repeat
a-maximization [Kutasov, Parnachev, Sahakyan - 2003]

- Even if the unitarity bound holds, it's not granted the conformal point exist, but there are
no clear ‘signs’. The duality with the orientifold of another model make it safe.



Conclusions & Open Problems

«  We have found a new mechanism for the orientifold projection that develops a conformal
fixed pointin the IR

« A web of dualities between orientifold of non-chiral theories (L*?%) via quadratic
marginal deformations

« Together with the authors of [Amariti, Fazzi, Rota, Segati - 2021] we generalize the mechanism
with quadratic marginal deformations to the orientifold of chiral theories (L*?%)/Z, ; the
web involves also glide orientifold [Garcia-Valdecasas, Meynet, Pasternak, Tatitscheff - 2021].

A paper will appear soon [Amariti, Bianchi, Fazzi, Mancani, Riccioni, Rota - In progress]



Conclusions & Open Problems

* Only one chiral pair with quintic marginal operator. Can we find others? What is
the origin Of the duallty'? [Antinucci, SM, Riccioni - 2020]

« Dual pair must be connected to dual geometries. But before the orientifold
projection they are different. How?



Thank you



Backup slides



When operators decouple: orientifold of SPP

Wepp = —00X01X10 + X12X51 X 10Xo1

roo (No — Ny + 219) = = (No — Ny — 219) ,
roo (No — Ny —27112) = = (No — Ny +2715) .

_ p—2t0 _ p+2tp
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Figure 12: The ratio ?l‘sip [ag, VS p = No—N;. The green points signal that there are no correction to the central charge,
on orange points (X;,X;,)" becomes free, while on red ones operators Tr qb'[]) start to decouple.

Unoriented AdS/CFT



Volume of the horizon

3 n2
[Gubser -1999]: VOl(HS) — %%

Compare volumes of parent and unoriented at the same radius R:

< N ,in parent

R « unit of 5- form flux -

N .
« — , in presence of O-planes
L T2
r 1 . . .
== ,in first scenario
N2 N\2 1 1 N2 Vol? 1 a
Vol(H®) x — - Volﬂoc(—)—oc—— - =5
(H>) a 2 a® 4 qf Vol 4 gt
1 . . .
>, in third scenario




Volume of the horizon

Contribution to the superconformal index from matter fields:

tRab —_ tz_Rab —
ix(t, S) — z Xpab tXpab
A-ts) A —7)

Fields with R = 1:
- Adjoints
- Symmetric or Antisymmetric of real groups

- Symmetric or Antisymmetric in conjugated pairs of unitary groups



