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No-go theorems in Quantum Gravity: 

Which IR consistent quantum field theories 
cannot be embedded into a UV complete 
quantum gravity theory?         

Picture thanks to Eran Palti

[H. Ooguri, C. Vafa  (2006)]     Swampland program
[Review by E. Palti (2019)]
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Can gravity be in the swampland?

Higher-spin (spin-2) theories and the swampland?

Pure  AdS vacua and the swampland?  

Can higher spin states tell us something about 
de Sitter space?  

New swampland conjectures:

Massive gravity and the swampland?  
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   Weak gravity conjecture:

Provides constraints on the spectrum of quantum gravity.

Mass

0

!"

Λ

Infinite tower of 
states above E � ⇤

Electric version:

Magnetic version:

Consider U(1)  gauge theory coupled to quantum gravity:

⇤ = gU(1) Mp

EFT breaks down above the cut-off       .  ⇤

mq  gU(1)|q|Mp

Suggests that
is at infinite distance.

gU(1) ! 0



Outline:

6

V) Summary

II) Spin-two swampland conjecture
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IV) de Sitter swampland and higher spins states
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II) Spin-two swampland conjecture
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gµ⌫
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II) Spin-two swampland conjecture

Consider an EFT containing Einstein gravity plus a massive 
spin-two field (plus other matter fields):

-  Massless spin-two graviton

-  Massive spin-two field            with mass m.

gµ⌫

wµ⌫

[S. Hassan, R. Rosen (2011); 
S. Hassan, R. Rosen, A. Schmidt-May (2011);
S. Hassan, A. Schmidt-May, M. Von Strauss, (2013)]

It was shown that a classically consistent, i.e. ghost free 
theory with one additional spin-two field can be 
constructed. 

Is this theory also consistent at the quantum level?

Can it be coupled to quantum gravity, i.e does it
belong to the swampland or not?
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Sg,w =

Z
d4x

p
�g


M2

pR (g)� 1

4
wµ⌫L⇢�

µ⌫w⇢� � 1

8
m2

�
wµ⌫w

µ⌫ � w2
�
+ ...

�

L⇢�
µ⌫w⇢� = �1

2

h
⇤wµ⌫ � 2@(µ@↵w

↵
⌫) + @µ@⌫w � ⌘µ⌫

�
⇤w � @↵@�w

↵�
�i

Action:
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Five degrees of freedom of massive spin-two field:

wµ⌫ = hµ⌫ + 2@(µ�⌫) +⇧L
µ⌫⇡ .

h = ±2 h = ±1 h = 0
[see e.g. G. Dvali, (2006)]

LFP � �1

8
m2Fµ⌫F

µ⌫
Fµ⌫ ⌘ @µ�⌫ � @⌫�µ,

[see also M. Reece, arXiv:1808.09966]
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Free theory: there is no notion of normalised coupling.

             Need additional matter (or self coupling).

Now we want to apply  WGC with respect to             .  U(1)�

=)

Lint =
m2

Mw
�µJ

µ �! 0
m �! 0

Mw �! 1

Defines a new mass scale        , in analogy to Planck scale.Mw

Define interaction as

Mw arises also in non-linear completion of bi-metric theory:

Sg,w =

Z
d4x

⇥
M2

p

p
�gR (g) +M2

w

p
�wR (w)

⇤
+ . . .
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Spin-two mode           couples to tensor          :Tµ⌫
w

Lint =
1

Mw
wµ⌫T

µ⌫
w =

1

Mw
�µ@⌫T

µ⌫
w

=) @⌫T
µ⌫
w = m2Jµ

wµ⌫

[Compare with Bachas, Lavdas (2018),
 Bachas (2019)]
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Spin-two mode           couples to tensor          :Tµ⌫
w
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1
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w =

1

Mw
�µ@⌫T

µ⌫
w

=) @⌫T
µ⌫
w = m2Jµ

wµ⌫

=)

Now use canonically normalised gauge field with

Aµ ⌘ m2�µ

Mw

Lint = AµJ
µ

[Compare with Bachas, Lavdas (2018),
 Bachas (2019)]

From kinetic term:  spin-two coupling g� =
mp
2Mw
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Then the (magnetic) weak gravity conjecture for  
  can be formulated as:

U(1)�

Spin-two swampland conjecture:

[D. Kläwer, D.L., E. Palti, arXiv:1811.07908]

⇤w = g�Mp =
mMp

Mw
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Then the (magnetic) weak gravity conjecture for  
  can be formulated as:

U(1)�

Spin-two swampland conjecture:

[D. Kläwer, D.L., E. Palti, arXiv:1811.07908]

⇤w = g�Mp =
mMp

Mw

Mass

0

!"

Λ W

It predicts an infinite tower of higher spin states above       :             

With   

⇤w

Mw  Mp =) m  ⇤w  Mp
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Evidence for spin-two swampland conjecture:

A:   KK compactification of 5D gravity 

            coupling:

Mass of spin-two KK graviton

Mw = Mp( )U(1)� g� =
1

(MpR)
3
2

mKK =
Mp

(MpR)
3
2

(Note that            is not the the same as massless             .)                     U(1)� U(1)KK
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Evidence for spin-two swampland conjecture:

A:   KK compactification of 5D gravity 

            coupling:

Mass of spin-two KK graviton

Mw = Mp( )U(1)� g� =
1

(MpR)
3
2

mKK =
Mp

(MpR)
3
2

(Note that            is not the the same as massless             .)                     U(1)� U(1)KK

Infinite tower of massive KK states: mn =
nMp

(MpR)
3
2

Spin-two conjecture: ⇤KK = g�Mp ⌘ mKK
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V : internal volume, string coupling,gs : string scaleMs :

Consider closed and open strings on D3-branes: 

B:  String realization of gravity plus massive spin-two:

[S. Ferrara, A. Kehagias, D.L. arXiv:1810.08147]

Mp = Ms

p
V , g� =

gsp
V

Mass of exited spin-two open string: gsMs
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V : internal volume, string coupling,gs : string scaleMs :

Consider closed and open strings on D3-branes: 

B:  String realization of gravity plus massive spin-two:

[S. Ferrara, A. Kehagias, D.L. arXiv:1810.08147]

Mp = Ms

p
V , g� =

gsp
V

Mass of exited spin-two open string: gsMs

Infinite tower of Regge states

Massless limit:  tension less string Ms ! 0

Spin-two conjecture:

mn '
p
ngsMs

⇤s = g�Mp ⌘ gsMs
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What about „massive gravity“:

 - No massless graviton

- Only massive spin-two graviton (and higher spins) 

[D. Boulware, S. Deser (1972);
G. Dvali, G. Gabadadze, M. Porrati (2000);

A. Chamsedinne,  V. Mukhanov (2010);
L. Alberte, A. Chamesiddine, V. Mukhanov (2010);

C. De Rham, G. Gabadadze,  A. Tolley (2010);
C. Deffayet, G. Dvali, G. Gabadadze, A. Vainshtein (2011)]

Sg =

Z
d4x

p
�g

⇥
M2

pR(g) + I (mg, g) + ...
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C. Deffayet, G. Dvali, G. Gabadadze, A. Vainshtein (2011)]

Sg =

Z
d4x

p
�g

⇥
M2

pR(g) + I (mg, g) + ...
⇤

Or one has to deal with an infinite tower of states !

Strong version of spin-two swampland conjecture:

⇤g = mgg� =
mg

Mp
=)

Excludes IR modification of gravity with 
[G. Dvali (2006)]

mg < 10�34 eV

Prediction: Graviton must be massless !! 
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Question:

Can we construct quantum gravity/string theories 
without a massless spin-two graviton field? 
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S-folds of Supergravity and of Superstrings: 
[S. Ferrara, D.L. (2018)]

   •   Exist also for N=7 supersymmetry

   •    Topological theories: topological twist by S - duality 
and diffeomorphisms

   •   Strongly coupled theories.

   •   Massless spin-two graviton is projected out - 
                there are only massive higher spin fields with mass 

of order Ms

W -  supergravity/ W - superstrings

Higher spin theory             Weyl
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V) Conclusion and Outlook

II) Spin-two swampland conjecture

III) AdS - Distance Conjecture

IV) de Sitter swampland and higher spins states
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III)  AdS - distance conjecture: 
[D.L. , E. Palti, C. Vafa (2019)]

What is happening in the limit                 ?    ⇤ ! 0

Consider AdS vacua in quantum gravity with varying 
negative cosmological constant       .  ⇤

[See talks by E. Palti and C. Vafa]
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III)  AdS - distance conjecture: 
[D.L. , E. Palti, C. Vafa (2019)]

What is happening in the limit                 ?    ⇤ ! 0

Consider AdS vacua in quantum gravity with varying 
negative cosmological constant       .  ⇤

AdS Distance conjecture (ADC):

There exist an infinite tower of states with mass 
scale m, which behaves as

m ⇠ |⇤|↵ with ↵ > 0

[See talks by E. Palti and C. Vafa]
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Mass

0

!"

Λ

Infinite tower of 
states above ⇤

⇤ ! 0 is at infinite distance !

The bound is satisfied for supersymmetric  AdS 
vacua with                  :↵ = 1/2

The conjecture is satisfied for many know backgrounds 
of string and M - theory like AdS5 ⇥ S5

via the tower of KK modes.

Strong AdS distance conjecture (SADC):

m ⇠ |⇤|1/2
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Refined de Sitter conjecture:
[G. Obied, H- Ooguri, L. Spodyneiko, C. Vafa (2018);

H. Ooguri, E. Palti. G. Shiu, E. Vafa (2018)]

|rV | � cV or(1): min (rirjV )  �c0V (2):
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Refined de Sitter conjecture:
[G. Obied, H- Ooguri, L. Spodyneiko, C. Vafa (2018);

H. Ooguri, E. Palti. G. Shiu, E. Vafa (2018)]

|rV | � cV or(1):

Instead of (1) consider  (1’): 

This condition is violated for AdS vacua.

So AdS vacua  have to satisfy condition (2) !

|rV |2 � c2V 2

min (rirjV )  �c0V (2):

This implies that the mass of the lightest state is 
bounded from above by          .|c0⇤|

1
2

[F. Gautason, V. Van Hemelryck, T. Van Riet (2018)]

But we conjecture that there must be a full tower of states
with                        for AdS vacua. ↵ � 1/2
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Apply the distance conjecture to 
the space-time metric.

Family of metrics with a distance on the space of metrics:

gMN = g0MN + �gMN

� = c

Z
⌧f

⌧i

✓
1

VM

Z

M

p
ggMNgOP

@gMO

@⌧

@gNP

@⌧

◆ 1
2

d⌧

Associated distance:

Generalized distance conjecture:
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 If we apply this to the metric of  

then this reduces to the known scalar distance conjecture 
of the CY moduli.

M = Mink4 ⇥ CY6
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Applied to Weyl rescalings:

g̃MN = e2⌧gMN

p
|g̃|R̃ = e(d�2)⌧

p
|g|

h
R+ (d� 2) (d� 1) (@⌧)2

i

Associated distance:

� =
p
(d� 2) (d� 1)(⌧f � ⌧i)

 If we apply this to the metric of  

then this reduces to the known scalar distance conjecture 
of the CY moduli.

M = Mink4 ⇥ CY6
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Now consider AdS space with metric

ds2 = e2⌧
⇣
� (cosh ⇢)2 dt2 + d⇢2 + (sinh ⇢)2 d⌦2

d�2

⌘

⇤ = �1

2
(d� 1) (d� 2) e�2⌧

� = �1

2

Z ⇤f

⇤i

p
(d� 2) (d� 1)d log⇤

Distance under Weyl rescaling:
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Now consider AdS space with metric

ds2 = e2⌧
⇣
� (cosh ⇢)2 dt2 + d⇢2 + (sinh ⇢)2 d⌦2

d�2

⌘

⇤ = �1

2
(d� 1) (d� 2) e�2⌧

� = �1

2

Z ⇤f

⇤i

p
(d� 2) (d� 1)d log⇤

Distance under Weyl rescaling:

This then immediately leads to the ADC:

m (⇤f ) = m (⇤i)

✓
⇤f

⇤i

◆↵

resp. m (⇤) = Mp

✓
⇤

M2
p

◆↵
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ADC in string theory:

•   There is no separation of scales in AdS string vacua.
[M. Duff, B. Nilsson, C. Pope (1986);

M. Douglas, S. Kachru (2006);
F. Gautason, M. Schillo, T. Van Riet, M. Williams (2015);

F. Gautason, V. Van Hemelryck, T. Van Riet (2018);]

[CFT discussion:  J. Conlon, F. Quevedo (2018)]
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ADC in string theory:

•   There is no separation of scales in AdS string vacua.

 Pure AdS space cannot exist alone in quantum gravity.

•   In the flat limit              always a infinite tower of    
       massless states is opening up -  there always exists 

an extra space factor like

⇤ ! 0

AdSd ⇥Md0

[M. Duff, B. Nilsson, C. Pope (1986);
M. Douglas, S. Kachru (2006);

F. Gautason, M. Schillo, T. Van Riet, M. Williams (2015);
F. Gautason, V. Van Hemelryck, T. Van Riet (2018);]

[CFT discussion:  J. Conlon, F. Quevedo (2018)]



25

The generalized distance conjecture should also 
hold for de Sitter vacua (if they exist):

There should exist a light tower of states like

m ⇠ 10�120↵Mp



Outline:
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V) Conclusion and Outlook

II) Spin-two swampland conjecture

III) AdS - Distance Conjecture

IV) de Sitter swampland and higher spins states
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Higher spin states in de Sitter space must satisfy the 
 Higuchi bound:

Spin-2  in d=4: M
2
(2) � 2H2

IV)  dS swampland and higher spin states: 
[D.L. , E. Palti, C. Vafa: unpublished]
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Higher spin states in de Sitter space must satisfy the 
 Higuchi bound:

Spin-2  in d=4: M
2
(2) � 2H2

de Sitter distance conjecture with ↵  1/2H
2 = ⇤ )

Generalization to states with higher spin k in d dimensions:

Higuchi bound:

M
2
(k) � H

2 (k � 1) (d+ k � 4)

IV)  dS swampland and higher spin states: 
[D.L. , E. Palti, C. Vafa: unpublished]
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kcrit ⇠
✓
Mstring
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Let us compare the Higuchi bound with the masses of the 
higher spin states on the Regge trajectory:

At some critical spin the Higuchi bound will be violated:

Therefore if we trust this argument, perturbative string 
theory would be inconsistent in de Sitter space for any 
finite value of H.

kcrit ⇠
✓
Mstring

H

◆2

M2
(k) = M2

string k
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Note that the higher spin Regge states that violate the 
Higuchi bounds are precisely those, whose length exceeds 
the de Sitter horizon:

L
2
(k) = M

�2
stringk � 1/H for k � kcrit

I.e. they do not „fit“ into de Sitter space, and this may 
possibly ruin the consistency of string theory as 
theory for quantum gravity (problem with modular 
invariance).
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Now let us relax the condition that all higher spin Regge 
states must satisfy the Higuchi bound, but only require this 
up to some scale         .⇤⇤ Identify ⇤⇤ ⇠ Mp

It also follows that consistency with the Higuchi bound 
implies a lower bound on the string coupling constant: 

gs > g
?
s = R̂

3

s
H

Mp
(d = 4)

This rules out (quasi) de Sitter solutions for 
weakly coupled strings !

Then one can derive from the tower of states that

Mstring >
p

HMp (stronger than  Mstring > H )
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V) Summary

  •  Spin-two swampland conjecture:
     Massive higher spin states are always accompanied by a     
     tower of massive higher spin states. 

Their masses go to zero in the limit of light higher spin mass. 

  •  Higher spin states provide additional restrictions to the 
consistency of de Sitter in string theory.

  •  AdS swampland conjecture:
     The AdS (dS) cosmological constant is accompanied by a  
     tower of states. 

⇤ ! 0Their masses goes to zero in the flat limit

Can gravity be emergent?
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Thank you !


