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Figure 1 : The strict fundamental domain eFi of the diagonal Kähler modulus Ti . The
dots indicate the fixed points as well as the oft-quoted stabilized value Ti ' 1.23i found
in heterotic moduli stabilization.

for the moment the T6 to be a factorized product of three T2, then each of the diagonal

Kähler moduli Ti has a PSL(2, Z)i modular symmetry that acts as

Ti ! �i · Ti =
ai Ti + bi

ci Ti + di
with �i =

✓
ai bi

ci di

◆
2 PSL(2, Z)i . (2.1)

Ostensibly, the Kähler moduli are valued in the upper half planes

Hi = {Ti 2 C | Im(Ti ) > 0} (2.2)

since their vacuum expectation values (vevs) control the size of the compact dimensions.

However, modular symmetry restricts the set of inequivalent Ti values to the strict

fundamental domain eFi , which is defined as the union of the set

Fi =

⇢
Ti 2 Hi | |Ti | > 1 & |Re(Ti )| <

1

2

�
, (2.3)

with boundary points that satisfy Re(Ti ) < 0. This is the region displayed in Fig. 1.

Of particular note are the fixed points Ti = i and Ti = e2⇡i/ 3 ⌘ ⇢, which are fixed by

cyclic subgroups of PSL(2, Z)i , as described in Appendix A.

The matter fields �↵ of the compactification also transform under modular trans-

– 5 –

The Modular Landscape: Into the Fundamental Domain

In [Cvetic+,Õ91], it was conjectured that all extrema of the scalar
potential lie on the boundary of the fundamental domain of
PSLp2, Zq

However,[Novichkov+,Õ22]provided counterexamples
For certain integerspn, mq, there are concentric rings of vacua
aroundT Ò ! & inside the fundamental domain

We also found these minima, and additional saddle points
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constructions of varying degrees of explicitness
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¥ The Swampland:

EFT constraints from quantum gravity/string theory

evidence against dS vacua in asymptotic 
regions of moduli space

Cosmology & String Vacua

Our Universe appears to be in a de Sitter (dS) phase with an extremely small cosmological constant.

Can we explain this in a UV complete theory of gravity, i.e. string theory?

On one hand:The Landscape
There are many dS vacua in string theory, from constructions like KKLT.
We live in one that just happens to have certain properties, such as a
small cosmological constant

On the other:The Swampland

The (reÞned) de Sitter conjecture:

|! V | !
c

Mp
V or minp! i ! j V q" «

c1

M 2
p

V

Metastable dS are not permitted.

[Garg,Krishnan,Õ18]

[Ooguri, Palti, Shiu, Vafa, Õ18]

[Hebecker, Wrase, Õ18]

Why postulate this? Number of No-Go Results for dS
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many recent works on acceleration!
in asymptotic moduli regions É see e.g. TimmÕs talk !

exponentially many meta-stable dS vacua ,!
constructions of varying degrees of explicitness

[KKLT, LVS, KŠhler Uplift, IIB on compact negatively curved spaces, É]

(in the interior of moduli space)
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de Sitter vacua in String Theory É
Heterotic de Sitter: No-Go Results

Classical SUGRA?

No dS

AdS OK

[Maldacena-Nunez]
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Heterotic de Sitter: No-Go Results

HE: E8 ö E8 HO: Spinp32q{Z2

Classical SUGRA?

No dS

AdS OK
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Leading! 1?

No dS

AdS OK

[Green+,Õ11]
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1

2" 2
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d10x

?
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„
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1
2
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4

ˆ
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see also 
[Brustein & de Alwis Õ04]
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Our goal is to extend the above results:          effects stronger than gaugino condensation 
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Heterotic Orbifolds: Two-Moduli Model

[Cvetic,Font,Ibanez,Lust,Quevedo,Õ91]
[Font,Ibanez,Lust,Quevedo,Õ90]
[Gonzalo, Ibanez,Uranga,Õ18]

4D N Ò 1 Heterotic Toroidal Orbifolds:
Compactify onT 6{ZN or T 6{ZN ö ZM

Massless spectrum: Dilaton, KŠhler moduli, C.S. moduli,
matter Þelds, gauge bosons, graviton + superpartners
Overall KŠhler ModulusT and DilatonS

T has aPSLp2, Zq symmetry from T-Duality:

T „ ! ¬T Ò
aT ` b
cT ` d

KŠhler potential

K Ò « lnpS ` øSq « 3lnp«ipT « øT qq

For action to be invariant underPSLp2, Zq,

G Ò K ` ln|W |2

must be invariant– W has modular weight« 3
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Re(Ti )

Im( Ti )

i!

1.23i

Figure 1 : The strict fundamental domain !F i of the diagonal K¬ahler modulusTi . The
dots indicate the Þxed points as well as the oft-quoted stabilized valueTi ! 1.23i found
in heterotic moduli stabilization.

for the moment theT6 to be a factorized product of threeT2, then each of the diagonal
K¬ahler moduli Ti has a PSL(2, Z)i modular symmetry that acts as

Ti " " i áTi =
ai Ti + bi

ci Ti + di
with " i =

"
ai bi

ci di

#
# PSL(2, Z)i . (2.1)

Ostensibly, the K¬ahler moduli are valued in the upper half planes

H i = { Ti # C | Im(Ti ) > 0} (2.2)

since their vacuum expectation values (vevs) control the size of the compact dimensions.
However, modular symmetry restricts the set of inequivalentTi values to the strict
fundamental domain !F i , which is deÞned as the union of the set

F i =
$

Ti # H i | |Ti | > 1 & |Re(Ti )| <
1
2

%
, (2.3)

with boundary points that satisfy Re(Ti ) < 0. This is the region displayed in Fig.1.
Of particular note are the Þxed pointsTi = i and Ti = e2! i/ 3 $ ! , which are Þxed by
cyclic subgroups of PSL(2, Z)i , as described in AppendixA.

The matter Þelds! " of the compactiÞcation also transform under modular trans-

Ð 5 Ð

[Font, Ibanez, Lust & Quevedo Õ90]
[Cvetic, Font, Ibanez, Lust & Quevedo Õ91]!
[Gonzalo, Ibanez & Uranga Õ18] 

heterotic strings on torus orbifolds É
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¥ gaugino condensation:

heterotic strings on torus orbifolds ÉHeterotic Orbifolds: Two-Moduli Model

Non-perturbative superpotential arises fromgaugino condensation

x!! y ã ! 3 ã e« fa{ba ã e« S{ba

Not correct modular properties - need contribution from massive states:

" fa È ba lnr#6pT qs̀ ¬ ¬ ¬

Superpotential is then given as

W Ò
HpT qe« S{ba

#6pT q

HpT q Ò
ö

G4pT q
#8pT q

ú nö
G6pT q
#12pT q

ú m

PpjpT qq [Rademacher,Zuckerman,Õ38]

[Lehner]

– Here be moonshine
[Wrase,Õ14]

HpT q has inÞnite sum of exponentialse2! iT - like worldsheet instantons
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¥ scalar potential:
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= ek(S, øS) Z (T, øT)|! (S)|2
!

|H (T)|2
"
A(S, øS) ! 3

#
+ öV(T, øT)

$
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V (S, øS, T, øT) = eK
!

KS øSFS øF øS + KT øT FT øF øT ! 3|W |2
"

Conjectures [Gonzalo,Ibanez,Uranga,Õ18 - GIU]:  no dS for tree-level 

Heterotic Orbifolds: Two-Moduli Model

– Here be moonshine
[Wrase,Õ14]

Non-perturbative superpotential arises fromgaugino condensation

x!! y ã ! 3 ã e« fa{ba ã e« S{ba

Not correct modular properties - need contribution from massive states:

" fa È ba lnr#6pT qs̀ ¬ ¬ ¬

Superpotential is then given as

W Ò
HpT q" pSq
p# pT qq1{4

Scalar potential is
V pS, T q ÒeK pK S øSFS øFøS ` K T øT FT øF øT « 3 øW W q
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Class A 

class A no-go [Leedom, Righi & AW Õ22]

Proves several conjectures from GIU 



Beyond the No-Go

What about Class B extrema?
In general Hessian doesnÕt factorize Ð much more complicated

Enter the power of modular symmetry

V pT , Sq is a non-holomorphic modular function inT , so BT V
is a weight 2 modular form and vanishes atT Ò i , !

All mixed derivatives ofT & S are weight 2 modular forms
– Hessian is block diagonal

Self dual points always extremum - when are they minima in
T -sector?
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class B no-go ? [Leedom, Righi & AW Õ22]



class B no-go

Beyond the No-Go: Part 2

The above suggest that dS vacua may be possible for Class B
extrema

However, this is not enough
Theorem 2: At a point pT0, S0q, the scalar potentialV pT , Sq
with kpS, øSq Ò « lnpS ` øSq can not simultaneously satisfy:

1 V pT0, S0q! 0
2 BSV pT0, S0q Ò0 & BT V pT0, S0q Ò0
3 rFT pT0q Ò0
4 Eigenvalues of the Hessian ofV pT , Sq at pT0, S0q are all " 0

Proof is similar to previous theorem. In particular, this implies
that the self-dual points cannot be dS if one has the tree-level
KŠhler potential

There is alsoTheorem 3 for models with modular anomalies.

How to proceed? One idea:Shenker-like e! ects
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Class B!
!
- even SUSY-breaking S extrema cannot give dS minima!
if S has tree-level KŠhler potential É

[Leedom, Righi & AW Õ22]



a look into the modular landscape É
[Leedom, Righi & AW Õ22]

The Modular Landscape:T Ò i

V pS, øS, i , « iq Ò
24n` 9! 8n` 9

! 12p1{4q
|" pSq|2|Pp1728q|2ekpS, øSq`

ApS, øSq « 3
ù

Set m Ò 0 or else extremum is Minkowski

dS extremum atT Ò i if dilaton is stabilized withxApS, øSqy! 3

If we setPpjpT qq Ò1, then this point is stable inT sector if

2 «
p1 ` 8nq! 8p1{4q

192! 4 " ApS, øSq" 2 `
p1 ` 8nq! 8p1{4q

192! 4

! "! #! $! %! &!
!

&

"!

"&

#!

#&

$!
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¥ T = i :
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into the bulk É
[Leedom, Righi & AW Õ22]

¥  [Cvetic+ Õ91] - conjecture: all extrema on boundary

¥  [Novichkov+ Õ22]: counter-examples 

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

links to ßavor symmetries:
[Baur, Kade, Nilles, Ramos-Sanchez & Vaudrevange Õ20]
[Knapp-Perez, Liu, Nilles, Ramos-Sanchez & Ratz Õ23]

¥ verify & Þnd more:

The Modular Landscape: Into the Fundamental Domain

In [Cvetic+,Õ91], it was conjectured that all extrema of the scalar
potential lie on the boundary of the fundamental domain of
PSLp2, Zq

However,[Novichkov+,Õ22]provided counterexamples
For certain integerspn, mq, there are concentric rings of vacua
aroundT Ò ! & inside the fundamental domain

We also found these minima, and additional saddle points
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The Modular Landscape: Into the Fundamental Domain

One can also attempt to see if inclusion of dilaton sector
results in metastable dS vacua for interior/ boundary minima

This is di! cult to analyze analytically Ð must check
numerically

!"#! !"#$ %"!! %"!$ %"%!

%! %!%&

' ! %!%&

( ! %!%&

&! %!%&
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is there dS ?
[Leedom, Righi & AW Õ22]

¥ outcome:  dS must come from class B É

But impossible with tree level dilaton KŠhler potential!



beyond the no-go É
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O(e! 1/g 2
s )

¥  [Shenker Õ90]: All closed string theories have effects of strength   
<latexit sha1_base64="YCqUJIgWgtdQisPIysmFF1k4VRU=">AAACCHicbZDJTsMwEIadspWyheXGxaJCKhKUBLEdK7hwo0h0kdoQOY7TWnUW2U5FifICPAVXOHFDXHkLDrwLbpoDUH7J0qf5ZzSe34kYFdIwPrXCzOzc/EJxsbS0vLK6pq9vNEUYc0waOGQhbztIEEYD0pBUMtKOOEG+w0jLGVyO/daQcEHD4FaOImL5qBdQj2IkVcnWt5IuRgxepxVylxyYhz1bpHu2XjaqRiY4DWYOZZCrbutfXTfEsU8CiRkSomMakbQSxCXFjKSlbixIhPAA9UhHYYB8IvbdIY1EhlZyn12Swl3lutALuXqBhFn153SCfCFGvqM6fST74q83Lv7ndWLpnVsJDaJYkgBPFnkxgzKE41igSznBko0UIMyp+jfEfcQRlio8lYf59/ppaB5VzdPqyc1xuXaRJ1ME22AHVIAJzkANXIE6aAAMHsATeAYv2qP2qr1p75PWgpbPbIJf0j6+AUphmVg=</latexit>

O(e! 1/g s )

¥  In Type I & Type II theories, these effects come from D-branes 



beyond the no-go É
[Leedom, Righi & AW Õ22]

¥  NP gauge theory effects are weaker: 
<latexit sha1_base64="8vRk1HbWTpDZWU33KloQ31kizM8=">AAACCnicbZDLSsNAFIYnXmu9RQU3bgaLUEFrUrwti27cWcFeoE3DZDJth04uzEyKJeYNfAq3unInbn0JF76L0zQLbf1h4OP853Dm/E7IqJCG8aXNzS8sLi3nVvKra+sbm/rWdl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nMH12G8MCRc08O/lKCSWh3o+7VKMpCrZ+m7cxojB26RIOvGxedKzRaecHNp6wSgZqeAsmBkUQKaqrX+33QBHHvElZkiIlmmE0ooRlxQzkuTbkSAhwgPUIy2FPvKIOHKHNBQpWvFDeksCD5Trwm7A1fMlTKu/p2PkCTHyHNXpIdkX0964+J/XimT30oqpH0aS+HiyqBsxKAM4Dga6lBMs2UgBwpyqf0PcRxxhqeJTeZjT189CvVwyz0tnd6eFylWWTA7sgX1QBCa4ABVwA6qgBjB4BM/gBbxqT9qb9q59TFrntGxmB/yR9vkDgwaZ/A==</latexit>

O(e! 1/g 2
s )

¥  [Shenker Õ90]: All closed string theories have effects of strength   
<latexit sha1_base64="YCqUJIgWgtdQisPIysmFF1k4VRU=">AAACCHicbZDJTsMwEIadspWyheXGxaJCKhKUBLEdK7hwo0h0kdoQOY7TWnUW2U5FifICPAVXOHFDXHkLDrwLbpoDUH7J0qf5ZzSe34kYFdIwPrXCzOzc/EJxsbS0vLK6pq9vNEUYc0waOGQhbztIEEYD0pBUMtKOOEG+w0jLGVyO/daQcEHD4FaOImL5qBdQj2IkVcnWt5IuRgxepxVylxyYhz1bpHu2XjaqRiY4DWYOZZCrbutfXTfEsU8CiRkSomMakbQSxCXFjKSlbixIhPAA9UhHYYB8IvbdIY1EhlZyn12Swl3lutALuXqBhFn153SCfCFGvqM6fST74q83Lv7ndWLpnVsJDaJYkgBPFnkxgzKE41igSznBko0UIMyp+jfEfcQRlio8lYf59/ppaB5VzdPqyc1xuXaRJ1ME22AHVIAJzkANXIE6aAAMHsATeAYv2qP2qr1p75PWgpbPbIJf0j6+AUphmVg=</latexit>

O(e! 1/g s )

¥  In Type I & Type II theories, these effects come from D-branes 

¥  HE & HO are closed string theories, but have no D-branes
[Silverstein Õ96]: arguments from type I-heterotic & IIA-heterotic duality
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O(e! 1/g 2
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¥  [Shenker Õ90]: All closed string theories have effects of strength   
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O(e! 1/g s )

¥  In Type I & Type II theories, these effects come from D-branes 

¥  HE & HO are closed string theories, but have no D-branes

We want to utilize Shenker-like effects in Heterotic vacua. 

We should be sure that they exist (É backup slides É)

[Silverstein Õ96]: arguments from type I-heterotic & IIA-heterotic duality



evade the no-go É
[Leedom, Righi & AW Õ22]

¥  

Evading the No-Go Theorems: A Loophole
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Evading the No-Go Theorems: An Example
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a road to heterotic dS - an example
[Leedom, Righi & AW Õ22]



all T2 - moduli -> modular symmetry at genus-2

¥ full KŠhler potential
[Kidambi, Leedom, Righi & AW - WiP]

<latexit sha1_base64="W/p/Er0qOvT18OxWTgr1GJT7ZW8="></latexit>

K (T, øT) ! K (M, M   ) = " ln
!
" i det(M " M   )

"

<latexit sha1_base64="4CAM0CCq+Kt0/hyAgnp3omDdRxI=">AAACIXicbVDLSgMxFM34rPVVdekmWCwutMyIr41QdONGqNBRsVNKJnPbhmYyQ5IpLUO/wk/wK9zqyp24E/FfTB+IVg8kHM65l3vv8WPOlLbtd2tqemZ2bj6zkF1cWl5Zza2tX6sokRRcGvFI3vpEAWcCXM00h9tYAgl9Djd++3zg33RAKhaJiu7FUAtJU7AGo0QbqZ7buzz1fGgykcYh0ZJ1+7iCC/gOe575Ctj1QATfXj2Xt4v2EPgvccYkj8Yo13OfXhDRJAShKSdKVR071rWUSM0oh37WSxTEhLZJE6qGChKC2g06LFZDWku7wxP7eNu4AW5E0jyh8VD92Z2SUKle6JtKs2tLTXoD8T+vmujGSS1lIk40CDoa1Eg41hEe5IUDJoFq3jOEUMnM3pi2iCRUm1RNHs7k9X/J9X7ROSoeXh3kS2fjZDJoE22hHeSgY1RCF6iMXETRPXpET+jZerBerFfrbVQ6ZY17NtAvWB9f9xCjRg==</latexit>
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all T2 - moduli -> modular symmetry at genus-2

Wilson line

¥ full KŠhler potential
[Kidambi, Leedom, Righi & AW - WiP]

<latexit sha1_base64="W/p/Er0qOvT18OxWTgr1GJT7ZW8="></latexit>
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all T2 - moduli -> modular symmetry at genus-2

Wilson line

T 2 complex structure modulus

¥ full KŠhler potential
[Kidambi, Leedom, Righi & AW - WiP]

<latexit sha1_base64="W/p/Er0qOvT18OxWTgr1GJT7ZW8="></latexit>

K (T, øT) ! K (M, M   ) = " ln
!
" i det(M " M   )

"
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all T2 - moduli -> modular symmetry at genus-2

Wilson line

T 2 complex structure modulus

¥ full KŠhler potential

¥ does KŠhler transformation under Sp(4,Z)

[Kidambi, Leedom, Righi & AW - WiP]

<latexit sha1_base64="W/p/Er0qOvT18OxWTgr1GJT7ZW8="></latexit>

K (T, øT) ! K (M, M   ) = " ln
!
" i det(M " M   )

"

<latexit sha1_base64="IiDDmuNVWyQYt5d6Uw9hloilhNY="></latexit>

M ! ! (M ) = ( AM + B )(CM + D)! 1 , ! =
!

A B
C D

"
" Sp(4, Z)

<latexit sha1_base64="UG8FK/ii4D3gFN2iJ79bLJgJ0iw=">AAACH3icbZDLSsQwFIbT8X6vunQTHARlZGjF21LUhSCCguMI0zqk6WknmKYlScWh+BA+gk/hVlfuxK0L38VM7cLbgcCX/z+H5PxBxpnSjvNu1YaGR0bHxicmp6ZnZufs+YULleaSQoumPJWXAVHAmYCWZprDZSaBJAGHdnB9MPDbNyAVS8W57mfgJyQWLGKUaCN17caxp1N8jBseF14IevXg5MoLSRyDbByufVPNrWvXnaZTFv4LbgV1VNVp1/7wwpTmCQhNOVGq4zqZ9gsiNaMc7ia9XEFG6DWJoWNQkATUenjDMlWiX9yWC97hFeOGOEqlOULjUv0+XZBEqX4SmM6E6J767Q3E/7xOrqNdv2AiyzUI+vVQlHNsMhmkhUMmgWreN0CoZObfmPaIJFSbTE0e7u/t/8LFRtPdbm6dbdb39qtkxtESWkaryEU7aA8doVPUQhTdo0f0hJ6tB+vFerXevlprVjWziH6U9f4JgPOhRg==</latexit>

K ! K + ln det( CM   + D) + ln det( CM + D)

<latexit sha1_base64="4CAM0CCq+Kt0/hyAgnp3omDdRxI=">AAACIXicbVDLSgMxFM34rPVVdekmWCwutMyIr41QdONGqNBRsVNKJnPbhmYyQ5IpLUO/wk/wK9zqyp24E/FfTB+IVg8kHM65l3vv8WPOlLbtd2tqemZ2bj6zkF1cWl5Zza2tX6sokRRcGvFI3vpEAWcCXM00h9tYAgl9Djd++3zg33RAKhaJiu7FUAtJU7AGo0QbqZ7buzz1fGgykcYh0ZJ1+7iCC/gOe575Ctj1QATfXj2Xt4v2EPgvccYkj8Yo13OfXhDRJAShKSdKVR071rWUSM0oh37WSxTEhLZJE6qGChKC2g06LFZDWku7wxP7eNu4AW5E0jyh8VD92Z2SUKle6JtKs2tLTXoD8T+vmujGSS1lIk40CDoa1Eg41hEe5IUDJoFq3jOEUMnM3pi2iCRUm1RNHs7k9X/J9X7ROSoeXh3kS2fjZDJoE22hHeSgY1RCF6iMXETRPXpET+jZerBerFfrbVQ6ZY17NtAvWB9f9xCjRg==</latexit>

M =
!

T Z
Z U

"



all T2 - moduli -> modular symmetry at genus-2

¥ F-term scalar potential from Sp(4,Z)-invariant G:
<latexit sha1_base64="Po11v4KL/Hk0QRizFJdV89DIa+w=">AAACA3icbZDLSsNAFIYn9VbrpVGXbgaLICglEW8boehCwU0F2xSaUCaTSTt0Mgkzk2IpXfoUbnXlTtz6IC58F6dpFtr6w8DH+c/hzPn9hFGpLOvLKCwsLi2vFFdLa+sbm2Vza7sp41Rg0sAxi0XLR5IwyklDUcVIKxEERT4jjt+/nvjOgAhJY/6ghgnxItTlNKQYKV3qmOWby7tDl3HouD4S0OmYFatqZYLzYOdQAbnqHfPbDWKcRoQrzJCUbdtKlDdCQlHMyLjkppIkCPdRl7Q1chQReRQMaCIz9EaP2RFjuK/dAIax0I8rmFV/T49QJOUw8nVnhFRPznqT4n9eO1XhhTeiPEkV4Xi6KEwZVDGcJAIDKghWbKgBYUH1vyHuIYGw0rnpPOzZ6+eheVy1z6qn9yeV2lWeTBHsgj1wAGxwDmrgFtRBA2CQgmfwAl6NJ+PNeDc+pq0FI5/ZAX9kfP4ALR+XEA==</latexit>

G = K + ln W øW

forces W to be holomorphic Siegel modular form of deÞnite weight!

[Kidambi, Leedom, Righi & AW - WiP]



all T2 - moduli -> modular symmetry at genus-2

¥ F-term scalar potential from Sp(4,Z)-invariant G:
<latexit sha1_base64="Po11v4KL/Hk0QRizFJdV89DIa+w=">AAACA3icbZDLSsNAFIYn9VbrpVGXbgaLICglEW8boehCwU0F2xSaUCaTSTt0Mgkzk2IpXfoUbnXlTtz6IC58F6dpFtr6w8DH+c/hzPn9hFGpLOvLKCwsLi2vFFdLa+sbm2Vza7sp41Rg0sAxi0XLR5IwyklDUcVIKxEERT4jjt+/nvjOgAhJY/6ghgnxItTlNKQYKV3qmOWby7tDl3HouD4S0OmYFatqZYLzYOdQAbnqHfPbDWKcRoQrzJCUbdtKlDdCQlHMyLjkppIkCPdRl7Q1chQReRQMaCIz9EaP2RFjuK/dAIax0I8rmFV/T49QJOUw8nVnhFRPznqT4n9eO1XhhTeiPEkV4Xi6KEwZVDGcJAIDKghWbKgBYUH1vyHuIYGw0rnpPOzZ6+eheVy1z6qn9yeV2lWeTBHsgj1wAGxwDmrgFtRBA2CQgmfwAl6NJ+PNeDc+pq0FI5/ZAX9kfP4ALR+XEA==</latexit>

G = K + ln W øW

forces W to be holomorphic Siegel modular form of deÞnite weight!

¥ power of modular symmetry + string-loop thresholds!
severely constrain W:

[Kidambi, Leedom, Righi & AW - WiP]

<latexit sha1_base64="P5rTBsy1Ms6379G9LQs31ZWaMB0="></latexit>

W =
! (S)

!
H (2) (Y )



all T2 - moduli -> modular symmetry at genus-2
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Conclusion

Classical SUGRA?

No dS

AdS OK

[Maldacena-Nunez]

Leading! 1?

No dS

AdS OK

[Green+,Õ11] [Gautason+,Õ12]

InÞnite! 1 tower?

No dS

No AdS

[Kutasov+, Õ15]

Nonperturbative! 1?

No dS

AdS OK

[Quigley,Õ15]

Nonperturbativegs,
Gaugino Condensation?

No dS*

No AdS*

[Gonzalo+,Õ18]

Instantons,Condesates,
Threshold Corrections*?

No dS (numerically)

AdS OK
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Conclusion

Symmetry

M odular

Metastable

de Sitter

Swampland

ConstraintsClassical SUGRA?

No dS

AdS OK

Leading! 1?

No dS

AdS OK

InÞnite! 1 tower?

No dS

No AdS

Nonperturbative! 1?

No dS

AdS OK

Instantons,Condesates,
Threshold Corrections*?

No dS (Class A)

& Some Class B

Instantons

Nonperturbativegs,
Gaugino Condensation?

No dS*

No AdS*

Stringy

Number Theory:[CFC,JML,NR,AW] & [AK,JML,NR,AW] ,...

Shenker E! ects:[RAG,CFC,JML,NR]

JML Heterotic dS 48 / 48
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From String Dualities

[Silverstein,Õ96]: Can Þnd Heterotic Shenker-like e! ects via
duality arguments. They correct the KŠhler potential

Type I-Heterotic: gH
MN Ò ! H gI

MN & ! H Ò ! « 1
I

Type I Worldsheet Instantons:"L I ã e« AI {! 1
¯ "L H ã e« AH

! 1"

Type IIA-Heterotic: If SH ¯ TIIA in 4d and if there is a
non-trivial #1:

Type IIA Worldline Instantons : "L IIA ã
Ø

m

e« mRIIA
¯ "L H ã

Ø

m

e« m{"

Does not explain the fundamental origins of these e! ects
within the Heterotic frame

Very schematic Ð no explicit calculations

Can do a bit better in M-Theory

JML Heterotic dS 32 / 48
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evidence for heterotic Shenker-like effectsFrom M-Theory:Dualities

Low-Energy Limit: 11D Supergravity

S11D Ò
1

2! 2
11

!
d11x

?
« G

ö
R «

1
2

|G4|2
ú

«
1
6

!
C3 ^ G4 ^ G4

M-TheoryType IIA Type IIB

HE

on S1

gIIA ã R
3
2

on T2

U Ò "

on
S1

{Z
2

gHE ã R
3
2

SHW Ò S11D ` SYM ` SB

JML Heterotic dS 33 / 48



evidence for heterotic Shenker-like effectsFrom M-Theory:Dualities

Low-Energy Limit: 11D Supergravity

S11D Ò
1

2! 2
11

!
d11x

?
« G

ö
R «

1
2

|G4|2
ú

«
1
6

!
C3 ^ G4 ^ G4

M-TheoryType IIA Type IIB

HE

on S1

gIIA ã R
3
2

on T2

U Ò "

on
S1

{Z
2

gHE ã R
3
2

SHW Ò S11D ` SYM ` SB

JML Heterotic dS 33 / 48

From M-Theory:Dualities

Low-Energy Limit: 11D Supergravity

S11D Ò
1

2! 2
11

!
d11x

?
« G

ö
R «

1
2

|G4|2
ú

«
1
6

!
C3 ^ G4 ^ G4

M-TheoryType IIA Type IIB

HE

on S1

gIIA ã R
3
2

on T2

U Ò "

on
S1

{Z
2

gHE ã R
3
2

SHW Ò S11D ` SYM ` SB

JML Heterotic dS 33 / 48



evidence for heterotic Shenker-like effectsFrom M-Theory:Dualities

Low-Energy Limit: 11D Supergravity

S11D Ò
1

2! 2
11

!
d11x

?
« G

ö
R «

1
2

|G4|2
ú

«
1
6

!
C3 ^ G4 ^ G4

M-TheoryType IIA Type IIB

HE

on S1

gIIA ã R
3
2

on T2

U Ò "

on
S1

{Z
2

gHE ã R
3
2

SHW Ò S11D ` SYM ` SB

JML Heterotic dS 33 / 48

From M-Theory:Dualities

Low-Energy Limit: 11D Supergravity

S11D Ò
1

2! 2
11

!
d11x

?
« G

ö
R «

1
2

|G4|2
ú

«
1
6

!
C3 ^ G4 ^ G4

M-TheoryType IIA Type IIB

HE

on S1

gIIA ã R
3
2

on T2

U Ò "

on
S1

{Z
2

gHE ã R
3
2

SHW Ò S11D ` SYM ` SB

JML Heterotic dS 33 / 48

From M-Theory:Dualities

Low-Energy Limit: 11D Supergravity

S11D Ò
1

2! 2
11

!
d11x

?
« G

ö
R «

1
2

|G4|2
ú

«
1
6

!
C3 ^ G4 ^ G4

M-TheoryType IIA Type IIB

HE

on S1

gIIA ã R
3
2

on T2

U Ò "

on
S1

{Z
2

gHE ã R
3
2

SHW Ò S11D ` SYM ` SB

JML Heterotic dS 33 / 48



evidence for heterotic Shenker-like effects
From M-Theory:Dualities

M-Theory
On S1{Z2 ö S1

Wilson Line:SOp16q ö SOp16q

HE Type IA

HO Type I
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evidence for heterotic Shenker-like effectsFrom M-Theory:Amplitudes

Calculations from[Green, Rudra, Õ16]
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From M-Theory:Amplitudes

Calculations from[Green, Rudra, Õ16]

But Why? Dualities
Back to 9D: SO & Type I are S-Dual viagho ¯ g« 1
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f pgi qt8t8R4 term requires a coe! cient such that
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I
q

Which is satisÞed by the real-analytic Eisenstein series Esp$q
The value of s is determined by matching the perturbative part
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satisÞed 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>

Es(! )

evidence for heterotic Shenker-like effects

¥  



¥  

From M-Theory:Amplitudes

Calculations from[Green, Rudra, Õ16]

But Why? Dualities
Back to 9D: SO & Type I are S-Dual viagho ¯ g« 1
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And Self-Duality
A 9D Theory we have left behind:M-theory onT 2 ¯ IIB on S1

SIIB
10D !

1
"2

II

!
d10x

?
« Gg

« 1
2

IIB E3
2
pSqt8t8R4

S Ò 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
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From M-Theory:Amplitudes

Calculations from[Green, Rudra, Õ16]

From What?

In Type I:
Non-BPS type I D-instantons. Responsible for O(32)– SO(32) [Witten, Õ98]

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

x11 direction [Dasgupta, Gaberdiel, Green, Õ00]

In Heterotic: Unclear

JML Heterotic dS 39 / 48
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A dS No-Go Result

Proof continued: To satisfy (1), introduce! ! 0 such that

V pT0, S0q Òek0 |" 0|2Z0! 4

which yields an expression forHT pT0q:

HT pT0q Ò
3i
2!

H0 pG2pT0, øT0q ù

?
3i

T0 « øT0

ö
! 2ù i

b
|H0|2

`
3 « ApS0, øS0q

ù
ú

ApS0, øS0q Ò0 by (iii)

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

pBT BøT V q09 « 2! 4 " 0 –

B2
t V Ò 2BT BøT V « 2RepB2

T V q

B2
aV Ò 2BT BøT V ` 2RepB2

T V q

Bt BaV Ò « 2ImpB2
T V q

Cannot both be positive
!
"

dS minima not possible (1)
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sketch of proof of theorem 1 (& similarly, 2)

A dS No-Go Result

Extrema in dilaton sector come in two classes

Class A: ! SpSq ` KS! pSq Ò0 „ FS Ò 0

Class B: FS ä 0

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

1 V pT0, S0q! 0
2 BSV pT0, S0q Ò0 & BT V pT0, S0q Ò0
3 p! S ` kS! q|SÒS0 Ò 0
4 Eigenvalues of the Hessian ofV pT , Sq at pT0, S0q are all " 0.

Proof: The proof by contradiction Ð assume (i)-(iv) are true atpT0, S0q

BSV pT , Sq Ò
FS

W
V pT , Sq `

!
ekpS, øSq|! pSq|2|HpT q|2ZpT , øT q

)
BSApS, øSq – vanishes by (3)

– Bk
T Bl

øT BSV pT0, S0q Ò0 – Hessian is block diagonal
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