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© Identifying the problem
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e 1-Problem Identification:

@Following the rules of quantum field theory does not guarantee
the construction of a consistent effective quantum gravity
theory.

e 2-Problem Statement:

E There must be a set of additional criteria that quantum
gravitational models must verify to insure their consistency.

e 3-Course of action:

| SWAMPLAND PROGRAM
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© The Swampland Program
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Swampland vs Landscape

Quantum Gravity (ex: String Theory)

Energy Scale
A

Landscape (Consistent with Quantum
Gravity)

S land (Not Cc

P

with Quantum Gravity)

> Theory space
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Swampland Algorithm

Investigate
phenomenological
Implications

Provide some physical
rationale for the
conjecture
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Swampland Conjectures

Trivial M Noglobal
Cobordism [\ symmetries

No free Distance
parameters Conjecture

Ads
Instability
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Completeness
Hypothesis

Boune en the
matter field

Weak Gravity
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ds Conjecture § ScalarWGC
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© The BNMM conjecture
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The BNMM Swampland Program: Step 1
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The BNMM Swampland Program: Step 1

Criteria Formulation

A d - dimensional EFT coupled to Einstein gravity must have a finite number of
massless fields. Moreover, the number of massless fields is bounded from above
by a certain number Nmax which depends only on the number of spacetime
dimensions d.

Other than the gravity multiplet, the massless fields
of a compactified theory are relatedto a
cohomology class of the manifold. What is noticed
is that no known series of CalabiYau manifolds have
an infinite dimensional cohomology class.

Could this bound on the number of massless modes
be a consequence of consistency of quantum
gravity theories? Could the bound on the matter
fields be a Swampland conjecture verified by all
Landscape theories?

Pattern Identification
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The BNMM Swampland Program: Step 2
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The BNMM Swampland Program: Step 2

On The Finiteness of 6d Supergravity
andscape
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Provide some physical
rationale for the
conjecture
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The BNMM Swampland Program: Step 3

In an effective field theory, the entropy of a black hole verify: Sex >N where N is the number
of light species, massless modes. Thus, our conjecture is already verified by black hole
requirement.

A new evaluation of the cutoff

resolution has been found: A< Mi’

3 Na-z

Providing therefore a tighter bound.

Provide some physical
rationale for the
conjecture
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The BNMM Swampland Program: Step 4

Investigate
phenomenological
Implications
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The BNMM Swampland Program: Step 4

COE - I i

10D 8D = & 4D
5D 6D
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The BNMM Swampland Program

Lower dimensions?

Qo

g 4D 3D
Qo
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The BNMM Swampland Program

Lower dimensions?

Qo

g 4D 3D
Qo

Topological gravity?
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Plan

@ BNMM in 3D
@ AdS3 Landscape
@ Boundary anomalies
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Here is 3D action

I'= e | °xv/ER
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Here is 3D action

I'= e | °xv/ER

Too trivial?
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Here is 3D action

I'= e | °xv/ER

Too trivial?
What about?

I = g [ *x/&(R—2M)
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Here is 3D action

= 16:7|.TG [ d*x/gR

Too trivial?
What about?

I = & [ d®x/B(R - 2A)

CFT2
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Generous symmetries

Virux Virr
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Generous symmetries

Virux Virr

Gravity as a gauge theory

CFT2 Virux Virr

I = 150 | *x&8(R — 2A) = Scs(Ar) — Scs(Ar)
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Generous symmetries

Higher spin fields
CFT2 Wix Wr
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AdS3 Landscape

W-DL x W-Dr
CFTZAds3 CFT2 W-ALx W-Ar
SO(N,N) x SO(N,N) AdS3 SL(NR) x SL(N,R)
W-BLx W-B
CFT2 X § W-CLx W-Cr
AdS3 CFT2
SO(N,1+N) x SO(N,1+N) AdS3
Sp(2N) x Sp(2N)

W-ELx W-Er
CFT2

CF‘ Vi:
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AdS3 Landscape

PHYSICAL REVIEW D
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Landscape of BTZ black holes

Home > Journal of High Energy Physics > Article F

Black flowers and real forms of higher spin sy
symmetries
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I = 165« [ d®x/8(R — 2A) = Scs(AL) — Scs(AR)

where,

Scs(A) = 45 [, tr(AdA + 5A%)
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I = 16tc | d*x/8(R — 21\) = Scs(AL) — Scs(Ar)
where,
Scs(A) = 45 [, tr(AdA + 5A%)

Gauge anomaly
With the gauge transformation

A— A+5A
0Scs(A) = 4= faM tr(6AA)
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I = 16tc | d*x/8(R — 21\) = Scs(AL) — Scs(Ar)
where,
Scs(A) = 45 [, tr(AdA + 5A%)

Gauge anomaly
With the gauge transformation

A— A+5A
0Scs(A) = 4= faM tr(6AA)

Gravitational anomaly
Choosing cgr # ¢; accounted for with

Scs(M) = %ot [opm,, tr(Fdl +317)

With an infintesimal diffeomorphism

F— T 460
au T = ng;L g meypaﬁaurgp
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Anomaly cancellation

Strings at the boundary
Similarly to polyakov action

SPL = / d2€\/ ’ — h|haﬁGABaaXA85XB +
0AdS3
/ Bape™? 0o X 05 X" 4 (1)
0AdS3
/ d’¢\/| — h|h*?9,d0sd + \/—|h|OR
0AdS3

One can define

Sstring = Skzw (gL) + Sv@zw (gR) + ng;av:: (/8) (2)
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Constraint computation

\
Gauge Current algebra with
kdimG
anomal =
y central charge ce=- 7
S CG S CL

Gravitational Virasoro algebra with

31
anomaly central charge C=s
N

—
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Constraint computation

For the SL(N,R) case,

k(N2—1
il o = N<a+l

For the rest of the Landscape theories:

SO(N,1+ N), % <cr
SO(N,N), :5_2;7\__1; <er
Sp(2N,R), : ;:(f;\% =

SO(N,1+ N)p: N<e - %

SO(A'Y. .'\‘T)L . N S Cp,

. 1 1 r
SP(Q‘N‘R)L . N < Z(CL - 1) + E Ci+ ldep +1
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Giving therefore



Finiteness conjecture
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Finiteness conjecture versus gravitational exclusion
principle

BTZ black hole

Statistics
Gravitational
Exclusion Principle
k(N2 -1
N-1<c — —( ) <c
k +N\‘
Anomaly Finiteness
cancellation Swampland
+ Conjecture
Unitarity of the
CFT
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Highest possible spin

The conjecture provide a bound not only on the number of massless fields
but also on the highest spin allowed

s <N < f(e)
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© Comments
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Future Directions

Finiteness of 4D
gravitational
Landscape

4D version of the
gravitational
exclusion principle
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