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de Sitter vacua in String Theory …
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• The Landscape: … from moduli stabilization!
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• The Swampland:

EFT constraints from quantum gravity/string theory

no dS vacua in asymptotic regions of 

moduli space [Garg,Krishnan,’18]

[Ooguri, Palti, Shiu, Vafa, ’18]

[Hebecker, Wrase, ’18]

exponentially many meta-stable dS vacua, 

constructions of varying degrees of explicitness
[KKLT, LVS, Kähler Uplift, IIB on compact negatively curved spaces, …]

(in the interior of moduli space

• The Landscape: … from moduli stabilization!
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Our goal is to extend the above results:          effects stronger than gaugino condensation 



•  Overall Kähler Modulus T and Dilaton S

T has a PSLp2,Zq symmetry from T-Duality:

T Ñ γ ¨ T “
aT ` b

cT ` d

Kähler potential

K “ ´ lnpS ` S̄q ´ 3 lnp´ipT ´ T̄ qq

For action to be invariant under PSLp2,Zq,

G “ K ` ln|W |2

must be invariant ñ W has modular weight ´3

Re(Ti)

Im(Ti)

i
ρ
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[Font, Ibanez, Lust & Quevedo ’90]
[Cvetic, Font, Ibanez, Lust & Quevedo ’91]  
[Gonzalo, Ibanez & Uranga ’18] 

heterotic strings on torus orbifolds …

<latexit sha1_base64="NC79cKTQxwi5/Y38U2YSx9dgdok="></latexit>
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• gaugino condensation:

heterotic strings on torus orbifolds …

xλλy „ Λ
3 „ e´fa{ba „ e´S{ba

• modular invariance from thresholds:

δfa » ba lnrη6pT qs` ¨ ¨ ¨

•      W:
W “

HpT qe´S{ba

η6pT q

HpT q “

ˆ

G4pT q

η8pT q

˙nˆ

G6pT q

η12pT q

˙m

PpjpT qq

[Rademacher,Zuckerman,’38]

[Lehner]

¨ ¨ ñ Here be moonshine
[Wrase,’14]

infinite sum of  e 2πi T - terms — like ws instantons



heterotic strings on torus orbifolds …

• scalar potential:

<latexit sha1_base64="OicrsSp7WKiVoKeiNwyXEGob/2w="></latexit>
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n

|H(T )|2
�

A(S, S̄)− 3
�

+ V̂ (T, T̄ )
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V (S, S̄, T, T̄ ) = eK
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KSS̄FSF̄S̄ +KT T̄FT F̄T̄ − 3|W |2
⌘

Conjectures [Gonzalo,Ibanez,Uranga,’18 - GIU]:  no dS for tree-level tree-level kpS , S̄q

• 2 classes of S extrema:

Class A: ΩSpSq ` KSΩpSq “ 0 Ñ FS “ 0

Class B: FS ‰ 0



• establish 2 no-go theorems — proving the GIU 
conjecture & extending it:

Theorem 1: At a point pT0, S0q, the scalar potential V pT , Sq
can not simultaneously satisfy:

1 V pT0, S0q ° 0
2 BSV pT0, S0q “ 0 & BTV pT0, S0q “ 0
3 pΩS ` kSΩq|S“S0

“ 0
4 Eigenvalues of the Hessian of V pT , Sq at pT0, S0q are all • 0.

Class A 

class A no-go [Leedom, Righi & AW ’22]



Corollary 1.1: Class A extrema in the two-modulus model
with kpS , S̄q “ ´ lnpS ` S̄q can never be dS vacua.

Corollary 1.2: The one-modulus model with
W pT q “ HpT q{η6pT q and K “ ´3 lnp´ipT ´ T̄ qq can not
have dS vacua.

Proves several conjectures from GIU 

class A no-go [Leedom, Righi & AW ’22]



What about Class B extrema?

In general Hessian doesn’t factorize – much more complicated

Enter the power of modular symmetry

V pT , Sq is a non-holomorphic modular function in T , so BTV
is a weight 2 modular form and vanishes at T “ i , ρ

All mixed derivatives of T & S are weight 2 modular forms

ñ Hessian is block diagonal

Self dual points always extremum - when are they minima in

T -sector?

class B no-go ? [Leedom, Righi & AW ’22]



class B no-go

Theorem 2: At a point pT0, S0q, the scalar potential V pT , Sq
with kpS , S̄q “ ´ lnpS ` S̄q can not simultaneously satisfy:

1 V pT0, S0q ° 0
2 BSV pT0, S0q “ 0 & BTV pT0, S0q “ 0

3 rFT pT0q “ 0
4 Eigenvalues of the Hessian of V pT , Sq at pT0, S0q are all • 0

Class B  
 

- even SUSY-breaking S extrema cannot give dS minima 
if S has tree-level Kähler potential …

[Leedom, Righi & AW ’22]



a look into the modular landscape …
[Leedom, Righi & AW ’22]

V pS , S̄ , i ,´iq “
24n`9

π
8n`9

Γ12p1{4q
|ΩpSq|2|Pp1728q|2ekpS ,S̄q

`

ApS , S̄q ´ 3
˘

Set m “ 0 or else extremum is Minkowski

dS extremum at T “ i if dilaton is stabilized with xApS , S̄qy ° 3

If we set PpjpT qq “ 1, then this point is stable in T sector if

2 ´
p1 ` 8nqΓ8p1{4q

192π4
† ApS , S̄q † 2 `

p1 ` 8nqΓ8p1{4q

192π4

0 10 20 30 40 50
0

5

10

15

20

25

30

• T = i :
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a look into the modular landscape …
[Leedom, Righi & AW ’22]• T = ρ  is remarkable:

B2

tV |T“ρ “ B2

aV |T“ρ “
28m`13

π
12m`12

33pm`1q ˆ 1225m
|ΩpSq|2|Pp0q|2ekpS ,S̄q

`

ApS , S̄q ´ 2
˘
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•  [Novichkov+ ’22]: counter-examples 

for certain (n,m) extrema near T = ρ  off boundary

• verify & find more:
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14

4× 10
14

is there dS ?
[Leedom, Righi & AW ’22]

• outcome:  dS must come from class B …

But impossible with tree level dilaton Kähler potential!



beyond the no-go …
[Leedom, Righi & AW ’22]

•  [Shenker, ’90]: All closed string theories have effects of strength   
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beyond the no-go …
[Leedom, Righi & AW ’22]

•  NP gauge theory effects are weaker: 
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We want to utilize Shenker-like effects in Heterotic vacua. 

We should be sure that they exist 
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a road to heterotic dS - an example
[Leedom, Righi & AW ’22]



[Silverstein,’96]: Can find Heterotic Shenker-like effects via
duality arguments. They correct the Kähler potential

Type I-Heterotic: gH

MN
“ λHg

I

MN
& λH “ λ

´1

I

Type I Worldsheet Instantons: δLI „ e´A
I {α1

Ø δLH „ e´ A
H

α1λ

Type IIA-Heterotic: If SH Ø TIIA in 4d and if there is a
non-trivial π1:

Type IIA Worldline Instantons : δLIIA „

ÿ

m

e´mR
IIA

Ø δLH „

ÿ

m

e´m{λ

Does not explain the fundamental origins of these effects
within the Heterotic frame

Very schematic – no explicit calculations

Can do a bit better in M-Theory

evidence for heterotic Shenker-like effects
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SHO
10D Å

g
´1{2
ho

29p2⇡q74!`2H

ª

M10

d10x
?

´Gt8t8R
4E3{2pig´1

ho q
p q

ª

M

Esp⌧q “
ÿ

pc,dq

1 y s

|c⌧ ` d |2s
⌧ “ x ` iy

Esp� ¨ ⌧q “ Esp⌧q

E 3
2
pig´1

ho q “ 2⇣p3qg´ 3
2

ho ` 2⇣p2qg
1
2
ho `

ÿ

nPZ`

8⇡�´1p|n|qe´
2π|n|
gho p1 ` Opghoqq3

2
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2
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ÿ
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8⇡�´1p|n|qe´
2π|n|
gho p1 ` Opghoqq

Shenker-like Terms
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But Why? Dualities

Back to 9D: SO & Type I are S-Dual via gho Ø g´1

I
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satisfied by the real-analytic Eisenstein series 

s is determined by matching the perturbative part 

<latexit sha1_base64="UhbZ5N4XyiHFQttRgzfhFIz/02g=">AAAB+3icbZDLSsNAFIYn9VbrrerSzWARKkhJxNuyKILLCvYibSiTybQdOpmEmZNiCX0Kt7pyJ259GBe+i9M0C209MPDx/+dwzvxeJLgG2/6yckvLK6tr+fXCxubW9k5xd6+hw1hRVqehCFXLI5oJLlkdOAjWihQjgSdY0xveTP3miCnNQ/kA44i5AelL3uOUgJEeb7u63AESH3eLJbtip4UXwcmghLKqdYvfHT+kccAkUEG0bjt2BG5CFHAq2KTQiTWLCB2SPmsblCRg+sQf8Uin6CZP6fETfGRcH/dCZZ4EnKq/pxMSaD0OPNMZEBjoeW8q/ue1Y+hduQmXUQxM0tmiXiwwhHiaBPa5YhTE2AChipu7MR0QRSiYvEwezvzvF6FxWnEuKuf3Z6XqdZZMHh2gQ1RGDrpEVXSHaqiOKArQM3pBr9bEerPerY9Za87KZvbRn7I+fwA4f5UC</latexit>
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•  And Self-Duality
A 9D Theory we have left behind: M-theory on T 2 Ø IIB on S1

S IIB
10D Å

1

`2
II

ª

d10x
?

´Gg
´

1
2

IIB
E 3

2
pSqt8t8R4

S “ C0 ` ig´1

IIB
is a complex scalar.

Orientifolding to Type I projects out C0,
leaving only g´1

s in the other 9D theories

From What?

In Type I:

Non-BPS type I D-instantons. Responsible for O(32) ñ SO(32) [Witten, ’98]

In T-dual IIA frame, these are D-particles winding around the orbifolded

x
11 direction [Dasgupta, Gaberdiel, Green, ’00]

In Heterotic: Unclear

•  
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°

V pT0, S0q “ e
k0 |Ω0|

2
Z0Λ

4

which yields an expression for HT pT0q:
HT pT0q “ 3i

2π
H0

pG2pT0, T̄0q ˘
?

3i

T0 ´ T̄0

ˆ
Λ

2˘ i

b
|H0|2

`
3 ´ ApS0, S̄0q

˘˙

ApS0, S̄0q “ 0 by (iii)

The 2nd condition in (ii) gives a (long) expression for HTT pT0q
Plug these into the T-modulus sector of the Hessian:

pBTB
T̄
V q09 ´ 2Λ4

† 0 ñ
B2

t
V “ 2BTB

T̄
V ´ 2RepB2

T
V q

B2

a
V “ 2BTB

T̄
V ` 2RepB2

T
V q

BtBaV “ ´2ImpB2

T
V q

Cannot both be positive
≠

Æ

dS minima not possible

sketch of proof of theorem 1 (& similarly, 2)
p q p q •

Proof: The proof by contradiction – assume (i)-(iv) are true at pT0, S0q

BSV pT , Sq “
FS

W
V pT , Sq `

!

e
kpS ,S̄q|ΩpSq|2|HpT q|2Z pT , T̄ q

)

BSApS , S̄q ñ vanishes by (3)

ñ Bk
TBl

T̄
BSV pT0, S0q “ 0 ñ Hessian is block diagonal

d : To satisfy (1), introduce Λ ° 0 such that

1 4

3

1

2


