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Abstract: | will discuss the application of Siegel paramodular forms to constructing new examples of holography. These forms are relevant to
investigate the growth of coefficients in the elliptic genus of symmetric product orbifolds at large central charge. The main finding is that the
landscape of symmetric product theories decomposes into two regions. In one region, the growth of the low energy states is Hagedorn, which
indicates a stringy dual. In the other, the growth is much slower, and compatible with the spectrum of a supergravity theory on AdS 3. | will provide
a simple diagnostic which places any symmetric product orbifold in either region. The examples | will present open a path to novel realizations of
AdS 3/CFT_2.

Pirsa: 19110098 Page 1/45



The holographic
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provides a non-perturbative, UV-complete
definition of quantum gravity in Anti-de Sitter space.

There are conditions on CFI such that it capture
| itati features.

Quantum Iheorﬂ ' .

i Gravity ‘
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provides a non-perturbative, UV-complete
definition of quantum gravity in Anti-de Sitter space.

How to go about building CFTs with
' itafti featurese

Quantum Iheorﬂ ' .

i Gravity ‘
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We will focus on the difficulties you encounter in
Not universal, but it illustrates the challenges.
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AdS,

CFT,

AdS./CFT,
; ’i—» Large central charge

Supergravity description

STRATEGY

1. Inspiration from known examples in String Theory.

2.  Exploit holography.

3. Exploit . crafting suitable counting formulas.
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Holographic CFTs

The Landscape

Good, bad & promising SymProdOrb

Quantum Black Holes
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Holographic CFTs

Necessary conditions on the spectrum of CFT,
Strategy on describing the space of CFI,
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Implementing conditions.

Restrict the analysis to
supersymmetric states.
New results presented.

The Landscape

Good, bad & promising SymProdOrb
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What can we learn about black hole microstates.

Quantum Black Holes
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Conditions from gravity
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The theory:

1 . S 2
Isp = m / d‘g;}'f\/—g (]? -+ !‘3) + matter

The spectrum:

1. Light States: Perturbative states
2. Heavy States: Black holes
3. Other stuff, e.g., multi-centered, conical defects (o be ignored today)

814
> 1
2G'N

Universal entry in AdS;/CFT,: ¢ =
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We will impose two conditions

1. Black hole regime

2. Perturbative regime
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Background:

. 2 p2)(p2 — g2y 0272 R X Crar 2
ds® = — U l+)EI : }(H" + ) I. 5 s—dr® 4+ r< (tl(,-'b + '+i (H)
r2 re — .‘,.1)(7._ _ ’:) re
+ U(1) CS field
Thermodynamics:
. An Ii +r2 rar_
DBH — ~ = 1) = )
4G N 8G yL° 4G N ¢

Supersymmetry:

(M =J, Ty=0

+ quantization of U(1)
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1. Black hole regime:

Very massive black hole

Ay > G
Al_H > Gy with lots of entropy

Spy = Ind(c, F) D 5 MMWB

., cE N
VA

_Aw / foloaCa R

4G
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2. Perturbative regime:

Light = Energy is O(1) in Planck units.
Perturbative excitations that do not form a black hole.

* Presence of Hawking-Page transition

+ Extended Cardy regime for BPS BHs

]II (](bw) ~ E(T v < ] Very sparse spectrum
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H
O/erQ >
/9] ),
(@

Ca
oA

- : o @

« Large central charge: semi-classical limit

+ Necessary conditions on spectrum

1. Black hole regime: extended Cardy regime
2. Perturbative regime: very sparse condition

warning: Sizes are not meaningful.
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We want CFTs with large central charge
We want control on the spectrum

€

Search within symmetric product theories.
C‘m. — Cwm/bm
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We want CFTs with large central charge
We want control on the spectrum

€

Search within symmetric product theories.
C‘m. e C:X””/Sm

1 n._n
T [J Z Z m) [? = H (l -~ pm_q_.”_)”r_(_.m_.”_) = Z (]m(“)[’ q

m m>0ncz m,n

Pirsa: 19110098 Page 21/45



Pirsa: 19110098

We want CFTs with large central charge
We want control on the spectrum

€

Search within symmetric product theories.

The partition function of

symmetric product CFT, is stringy, i.e. Hagedorn like.
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We want CFTs with large central charge
We want control on the spectrum

2

Search within symmetric product theories.

Add marginal
deformation to make the
spectrum sparse

Focus on quantities that are protected.
Those should have gravitational features.
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Focus on protected quantities: the
' 1\ Lo— ) J (
X(7,2) = trgp ((—1) glo—ziylogho= )
The elliptic generais related to a of index t.

Focus on symmetric product orbifolds: easy to get

Z(p,T, Z x(7,z;Sym" (M)) e 2miptr

Ind(E) ~ E¢ a < 1

The partition function of symmetric product CFT, has a =1.
The elliptic genus can display cancellations that capture the
spectrum away from the symmetric product point.
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Focus on protected quantities: the

' "\ Lo— 5 Ji (
X(7,2) = trgp ((—1) gho=ziylogho= )
The elliptic generais related to a of index t.

Focus on symmetric product orbifolds: easy to get

Z(p.. Z X (7, 2z Sym" (M)) ™71

Ind(F) ~ E o < 1

We can tell you unambiguously which wlFs are holographic, i.e a<I1.
New examples are unveiled.
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« Large central charge: semi-classical limit

+ Necessary conditions on spectrum

1. Black hole regime: extended Cardy regime
2. Perturbative regime: very sparse condition

warning: Sizes are not meaningful.

Pirsa: 19110098 Page 26/45



Good, bad & promising Symmetric Product Orbifolds

THE LANDSCAPE
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The class of objects we are interested are of the form:

Z(p,T,2) = Z X (7, 2;Sym" (M)) e2TPtT _ H (1— (/“'U"[.)”) c(nrl)
.

n,l,rez
>0

« to characterise the BPS spectrum in these theories.

« focus on the large r limit

a CFT, j = large c=6r, few light states

‘ AdS, ‘ perturbative regime, few fields
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Our procedire in a few Sleps:

1. Select one seed theory: select a Jacobi form.

2. Perform symmetric product orbifold: increases ¢

3. Relate generating function to Siegel paramodular form: gives the
mathematical control to extract spectrum.

4. Build a modular form that capture the light part of the CFT spectrum

} 1
N — gNS ho 1l :
XNS,0c = § dx (ha l_)q Yy = | | (1 — qh.yl)_/'(h,l)

h, h>0,l€7,
(h,01)#(0,0)

8
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Promising Examples

a£#.a. SMFs that meet the two necessary conditions on the BPS spectrum

In dib(h) ~ h“ ¢ < 1 Verysparse spectrum
-\ ]
, _ aNS /1 h :
XNS, 00 = E dos (h,1)q"y" = H . -
(1 _ qh.--Ul)_/(h-,l_)
h,l h>0,l€7 g
(h,l)#(0,0)
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Promising Examples

We found a very . Given a seed Jacobi form
_ 0 -1
Go.t(T,2) =qy "+

Demand of

f (bl
a = max —— ) —n
j=0,....b—1 b J {

Then f(h.l) is sum of Kronecker functions.
Necessary condition is b:?. <t

1
o _ N‘w h 1 _ '
XNS,00 = Z ] (h ]) Y H (1 — qh.Ui)_/'(h,I)

hil h>0,1€7

(h,[)#(0,0)
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Promising Examples
t b dim t b dim t b dim t b dim
1 1 1 8 1 0 12 1 0 16 1 0
2 1 1 8 2 2 12 2 2 16 2 1
3 1 1 9 1 0 12 3 3 16 3 2
4 1 1 9 2 1 13 1 0 16 4 4
4 2 2 9 3 3 13 2 0 17 1 0
5 o1 0 10 1 0 13 3 1 17 2 0
5 2 ] 10 2 14 1 0 17 3 0
6 1 1 10 3 2 14 2 0 17 4 2
6 2 2 11 1 0 14 3 ] 18 1 0
7 1 0 11 2 0 15 1 0 18 2 0
T 2 1 11 3 1 15 2 1 18 3 3

) 15 3 2 18 4 3

7 oday

We can easily diagnose if a Symmetric Product Orbifold does
the holographic trick.
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Promising Examples
t b dim t b dim t b dim t b dim
1 1 1 8 1 0 12 1 0 16 1 0
2 1 1 8 2 2 12 2 2 16 2
3 1 1 9 1 0 12 3 3 16 3 2
4 1 1 9 2 1 13 1 0 16 4 4
4 2 2 9 3 3 13 2 0 17 1 0
5 o1 0 10 1 0 13 3 1 17 2 0
5 2 1 10 2 14 1 0 17 3 0
6 1 1 10 3 2 14 2 0 17 4 2
6 2 2 11 1 0 14 3 ] 18 1 0
7 1 0 11 2 0 15 1 0 18 2 0
T 2 1 11 3 1 15 2 1 18 3 3
A g L 15 3 2 18 4 3

wWolrk 1n Frogress

Give a CFT and Supergrcvity descrip’rion
What is the physical is the physical interpretation of the

mathematical conditions?
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Good Examples

a£.a. SMFs that meet the two necessary conditions on the BPS spectrum,

we know the symm prod CFT, and AdS; supergravity theory.

1. Igusa Cusp form

$10(Q) = Exp-Lift(2¢¢ 1) with o = 5__)('(7, 2; K3)

1 _ Z(Q) light states In (I(E) N EUz

D1o(Q)  phioa(r,2) |

« 4 BPS dyons in N=4 D=4 string theory

« Quantum black hole

«  AdSxS3xK3 supergravity spectrum matches N=(4,4) SCFT
« CHL generalizations
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Good Examples

a£.a. SMFs that meet the two necessary conditions on the BPS spectrum,
we know the symm prod CFT, and AdS; supergravity theory.

2. t=4 paramodular form
Seed
D0.1(7,22) +4(1 4+ a)poa(T. 2) =y 2 + 4(1 + @)y + 14 + 4a + O(q)

Pole structure

Humbert surfaces are H,(2) and H, (1)

Perturbative regime

Ind(E) ~ E'/?

Holography
AdS; x (8% x T /G <—> N=(2,2) SCFTs
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Beyond area law
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The task is to extract the physics content of Fourier coefficients for
large (asymptotic) values of the charges.

, ' dp [ dqg [ d 1
d(m,n,l) = 7‘ 7 f — 7‘ - ——p g "y
T Jp—o 2mip J = 2miq J,—p 2miy Pr(Q2)

(T);.:([), T, 3) - (T)l.:(t” ! T, tp, :)
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The task is to extract the physics content of Fourier coefficients for
large (asymptotic) values of the charges.

, ' dp [ dqg [ d 1
d(m,n,l) = 71‘ = f . jt( J p g "y
Jp=0 .27'{"?‘{) q=0 ‘-‘7”(1 y=0 ._.7TH/ (T}.‘\( 2)

Asymptotic behavior of degeneracy

Spn = Ind(c, ) D 5\1 mmws—«) [(I(L ¢)=d(tE ¢t )}

clk
= 1 — 4 -

= 2 G .
111 | 4/ &Ol%(ﬂ&?%
4G

Exchange symmetry gives us (almost) automatically an
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For lack of time, focus on logarithmic correction

Spu = Ind(c, E,J) = {"' +#In(Ay/G)+ - 1

4G
Scaling regime T A% InA
[. &> 1 . 7
A A- —(k + 2) Cardy regime.
E~AN e~O(), J~A
II. ¥ ~¢>1 i ~
AY A< nmy — 2
Er~lie~A JA >R‘egime relevant for
BPS BHs in 4D & 5D
L ¢ > E > | o |
A=1/2 A3 my, — 3 — ’3
E~A c~A T~ AY? -
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1. Logarithmic corrections

, . A
Spn = Ind(e, B, J) = =4

_. e FHEI(A/G) +

.

Universality of this correction is being tested in gravity.
Less is known microscopically.

2. Mock modular forms

Decompose counting formula as quantum degeneracies of single-
centered and multicentered configurations.
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Holographic CFTs

The Landscape

Good, bad & promising SMFs

Quantum Black Holes
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T oda/ (f/czﬁsfﬂc’.a’(‘ion

of the overlap

H
O/erQ >
/9] ),
(@

Ca
oA

: : e \-7

« Large central charge: semi-classical limit

+ Necessary conditions on spectrum

1. Black hole regime: extended Cardy regime
2. Perturbative regime: very sparse condition

warning: Sizes are not meaningful.
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<
A

« Large central charge: semi-classical limit
+ Necessary conditions on spectrum
1. Black hole regime: extended Cardy regime
2. Perturbative regime: very sparse condition

warning: Sizes are not meaningful.
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THANK YOU!
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