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* The Swampland:

EFT constraints from quantum gravity/string theory

—» NO dS vacua in asymptotic regions of

mOdU|| Space (Garg,Krishnan, 18]
[Ooguri, Palti, Shiu, Vafa, '18]

[Hebecker, Wrase, '18]
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Our goal is to extend the above results: = effects stronger than gaugino condensation



heterotic strings on torus orbifolds ...

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

® Qverall Kdhler Modulus T and Dilaton S
o T has a PSL(2,7Z) symmetry from T-Duality:

T+ b
rer T (0 Desies

cl +d
o Kahler potential {m(Ti? :
K=—In(S+S5)—=3In(—i(T-T))
1123i
o For action to be invariant under P5L(2,7), - -
g _ IC + |n\ W‘z ‘1.232 e
must be invariant = W has modular weight —3 P | =
) Re?Tz)



heterotic strings on torus orbifolds ...

* gaugino condensation:
N ~ N3 ~ e falba L g=5/b:

e modular invariance from thresholds:

0f, ~ by In[n®(T)]+ -

[Rademacher,Zuckerman,’38]
[Lehner]

infinite sum of e2n 7 - terms — like ws Instantons



heterotic strings on torus orbifolds ...

* scalar potential:

V(S,S,T,T) = ek (ICSSFSFS + KT o o — 3\W!2)

= HES Z(1, D)QS) 2 { [H(T)? (A(S, S) = 3) + V(T,T) }

Conjectures [Gonzalo,lbanez,Uranga, |8 - GIU]: no dS fortireelevel k(S,S)

e ) classes of S extrema:

:Q5(5)+K5Q(S)=O—>F5=0
 Fs #0



class A no-qo [Leedom, Righi & AW "22]

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

@ Theorem 1: At a point ( Ty, Sg), the scalar potential V(T,S)
can not simultaneously satisty:
G V(To, 50) > 0
Q 0sV(Tp,5)=0 & 07V(Ty,S) =0
© (QS + kSQ)’5=So =0
@ Eigenvalues of the Hessian of V(T,S) at (Tg, So) are all > 0.



class A no-qo [Leedom, Righi & AW "22]

o Corollary 1.1: Class A extrema in the two-modulus model
with k(5,5) = —In(S + S) can never be dS vacua.

o Corollary 1.2: The one-modulus model with
W(T)=H(T)/n°(T) and K = =3In(—i(T — T)) can not
have dS vacua.

GlU



class B no-qo 7 [Leedom, Righi & AW "22]

@ What about Class B extrema?
In general Hessian doesn't factorize — much more complicated

o V(T,S) is a non-holomorphic modular function in T, so 0tV
is a weight 2 modular form and vanishes at T =/, p

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

@ Self dual points always extremum - when are they minima in
T -sector?



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

@ Theorem 2: At a point (Tp,Sg), the scalar potential V(T,S)
with k(S,S) = —In(S + S) can not simultaneously satisfy:
0 V(To,So) > (0
@ 0sV(To,S) =0 & 07V(To,So) =0
Q@ Fr(To) =0
@ Eigenvalues of the Hessian of V(T,S) at (Tg, Sg) are all = 0



a look into the modular landscape ...

o [ =j: [Leedom, Righi & AW ’22]

24n—|—97.‘.8n—|—9

V(S,S,i,—i) = F2(1/2)

Q(S)]?|P(1728)2X(S2) (A(S, ) — 3)

@ Set m = 0 or else extremum is Minkowski
o dS extremum at T = i if dilaton is stabilized with (A(S,S)) > 3

o If weset P(j(T)) =1, then this point is stable in T sector if

(14 8n)I3(1/4) _ (14 8n)I3(1/4)

> A 2 4
10074 <A(5,9) < 10074

w
o

N
(=)

Log( Det[Hess])

ul




a look into the modular landscape ...

= i Leedom, Righi ’
* T=p isremarkable: [Leedom, Right & AW "22]

28m—|—137.‘.12m—|—12 _

0iV|T=, = 02V]T=, = T < 1aoem Q(S)2[P(0)]2eKS5) (A(S, 5) - 2)

0.05p

o o
o o
W AN

Det(Hess[V])

AlS,SD]
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into the bulk ...

[Leedom, Righi & AW "22]

® [cvetic+’91] - conjecture: all extrema on boundary

®  [Novichkov+22]: COUNter-examples

for certain (n,m) extrema near [ = p off boundary

e verify & find more:




is there dS ?

[Leedom, Righi & AWV ’22]

e outcome: dS must come from class B ...

v
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[Leedom, Righi & AW "22]

e outcome: dS must come from class B ...

v

4x 1077 t

3x1014:' """
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But impossible with tree level dilaton Kahler potential!
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evade the no-go ...

[Leedom, Righi & AWV ’22]

® Linear Multiplet Formalism: L o {/,v, B>}

()4
e — f d49E<—2+ f(L)) ) "
|

® Parametrize Shenker-like effects [Gaillard & Nelson, 07]+:

df d
F(0) = 3 Ant e BV L = -1 d—f +f
n=0

® Scalar potential for single gaugino condensate:

V(0) = f—g [(1 +0g")(1 4 bt)? — 3b2€2] e8—(FHL/bE Ty — )



a road to heterotic dS - an example

[Leedom, Righi & AWV ’22]

0.0008f ‘_ £(0) = (Ag + Algé)e—B/\/Z

0.0006} [ A=10 A1 = 930
= | B=0.6r bg = 82
l 0.0004! ‘
N |

0.0002 Metastable dS

0.0000} ; <e_B/\/Z> ~ 0.11

0.0 0.5 1.0 15 2.0



Q

evidence for heterotic Shenker-like effects

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

‘ype |-Heterotic: gy = AHgn & A = )\,_1

AH

Type | Worldsheet Instantons: 62, ~ e /% < 6Ly ~ e o

Type [|A-Heterotic: If Sy <> T4 in 4d and if there is a
non-trivial 71:

ype [IA Worldline Instantons @ 6Lya ~ Y e ™" o 6Ly ~ > le™™?

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

Very schematic — no explicit calculations
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Summary

| | | | |

Classical SUGRA? Leading a/?  Infinite o tower? Nonperturbative o/?  Nonperturbative g5,  Instantons,Condesates,
Gaugino Condensation? Threshold Corrections*?

No dS (Class A)
AdS OK AdS OK AdS OK & Some Class B

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

Shenker Effects:[RAG,CFC,JML,NR]
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evidence for heterotic Shenker-like effects

Low-Energy Limit: 11D Supergravity

1
SllD — — &5 d11X\/ (R — —‘G4|2> — = f C3 A\ G4 A\ G4
2/%11
1 2
Type 1A <212 M—Theory on 1=, Type IIB
gia ~ R2 U=r
N
_
. 0p)
/ 11dim. / -
10dim. 10dim. @)
HE ;
gHE ~ R2

211 the orbifold direction
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evidence for heterotic Shenker-like effeets
Sl/ZQ : gllRll
St l11Rig

M- T heory
On S/Z; x 51
Wilson Line: SO(16) x SO(16)

2 9
S /4
Bhe — Rf{Q Q\\/\/ /80
rhe = R10v/ R11 HE Tye? A
o 7
E ]
<
gho = R11/Rio 3 S-dualit 3
1 HOX ) > Type |




evidence for heterotic Shenker-like effects

Sl/ZQ : gllRll

St l11R1g
M-T heory
On S/Z; x 51
Wilson Line: SO(16) x SO(16)
A\ S,
2 %,
S y
QY /80 o — R%z
s Type 1A ra = Ri1v/ Rio
> —
| | kzl-
H\(’)( S-duality )Tyg’e |




evidence for heterotic Shenker-like effects

3/2
he = Rl{

rhe = R10/ R11

gho = R11/Ri10

Frho —
° RiovRi

M-T heory

On S/Z; x 51

Wilson Line: SO(16) x SO(16)

N S,
2 %,
S Q\'\'\' /80 /4
HE Ty&e 1A

2 "
— Q.
3 5
<
H\(,)( S-duality )Tyg’e |

Sl/ZQ : gllRll

St l11Rig
8IA = R%2




evidence for heterotic Shenker-like effects

Calculations from [Green, Rudra, "16]

/ /
AI Al
X
/ /
In 10D HO:
gh_1/2 10 4 1
SHO D) © f d " x —Gtgth E3 2(Ig_ )
HoP 29(27)74|£%—I Mo / o



evidence for heterotic Shenker-like effects

Calculations from [Green, Rudra, "16]

1. .1 rd
- -

. Ay "
In 1 L = / \

g .
Sll—cl)% — . )2} JM d*Ox —Gt8t8R4E3/2('ghol)
10

29(2m) 7410
(( ))

B / y® T=X+1y
Es(7) =
’ (é) |CT + d|25 ES(/V . 7') — ES(T)

M




evidence for heterotic Shenker-like effects

Calculations from [Green, Rudra, "16]

el o

g L
S10D 2 29(2;374%*2}‘ J M dxv/—GtgtgR* E3 5 (ig, )
( ) v 10
- , % T=X+1y
E(7) =
" g‘/) cT + d|? Es(y-7) = Es(7)

E%(I'gh_ol) = 2C(3)gh_og + 2((2)gh%o =+ Z 8770—1(‘”’)6_%[:'(1 + O(8ho))

neZt



evidence for heterotic Shenker-like effects

Calculations from [Green, Rudra, "16]

A /‘ N\ 4
/ / Al AH
YN
| / /
8ho g
Si0p 2 29(2;)74!@2}' JMlo dxv/—GtgtgR* E3 5 (ig, )
() M
- , yS T =X+1y
E(7) =
" é/) cT + d|? Es(y-7) = Es(7)

3 1
Ex(igh, ) = 20(3)8h° +20(2)gp, +
Shenker-like Terms
ote: Similar terms vanish in 10D HE



evidence for heterotic Shenker-like effects

Calculations from [Green, Rudra, "16]

-~ 4 % A
/ / A 7
/X

| / /

Sho 10 4 . 1

S100 = 3520721 EQJ JMlod xv/ = GstaR*Es o igi})
() M

Z T=X+1y

(c,d) eT _I_ d|2s Es(v-7) = Es(7)

_3 1
Ex(igy) = 20(3)gp,’ +20(2)e, +
Shenker-like Terms

C __"1___ 1_ P SN e I
Note Similar terms vanish in 10D HE HE



evi@Mm@henkerﬁl@ effectsX

e But Why? Dualities
Back to 9D: SO & Type | are S-Dual via gy, < g,_1

()



evitheferoﬁc Shen%lm_eﬂ‘etoﬁ
_ e

e Bui
Back to 9D: SO & Type | are S-Dual via gy, < g,_1
2@(3) \ 2¢(3)
Mho r
Seb 29(%’;64% fdgxﬁ( ) )t8t8R4 +oo Sipo 29 (2n)6417, fdgxﬁ( = )t8t8R4 o



}“Wl’t;apcc yeferofic SHenker-like ¥dfects
e \

e

. _ -
Back to 9D: SO & Type | are S-Dual via g, < g,_l
2/4(3) \ [ 2¢(3)
HO Fho 9 - d 9/ 4, ...
Sep 29(%)64%]6/ XV—G( ) )t8t8R4‘|'”' Sop 2°[2m)54lL, f{xv G)( o )tgth +

— Z)—OQC(?))gho tg t8R4
H



;j}“widence. fo¥ heterotic Shenker--mk efjec
¢ __ P -

Back 1 '_1
— 2/4(3) \ ( 2((3)
HO Fho / r 9,/ 4
>0 2 39(ar)%all fdgx _G( Eho )tStSRum %90 = [om)ealt; J<<X G)( g7 )tStSR "
— Z)—OQC(?))ghotgth
H

r.
The ——f(g;)tgtgR* term requires a coefficient such that
Uir/&i (&) 1 1
f(igh, ) = f(ig ")



;}“widence. fo¥ heterotic Shenker—liﬁ efjec
¢ __ P -

Back 1 '_1
2@(3) \ ( 2¢(3)
HO "ho 9 / di 9, ./ 4 ..
Sop’ 2 29(%)64%[6/ XV—G( ) )tstsR4+--- Sop = 2°[2m)54lL, f{xv G)( o )tgth +
— Z—OQC(S)ghoiBtSR
H

r.
The ——f(g;)tgtgR* term requires a coefficient such that
Uir/&i (&) 1 1
f(igh, ) = f(ig ")

satisfied by the real-analytic Eisenstein series FE(7)

s is determined by matching the perturbative part



evidence for heterotic Shenker-like effects

e And Self-Duality

A 9D
/

e

e From What?

In Type I:

e

o

= A, Ay
Oriel t G,
leavi eories

Non-BPS type | D-instantons. Responsible for O(32) = SO(32) [witten, 98]

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

X11 direction [Dasgupta, Gaberdiel, Green, '00]

In Heterotic:



sketfeh of proof of (’rhe)ore(m ] )(9 siw}uilarly, 2)

Proof: The proof by contradiction — assume @-@ are true at ( Tg, Sp)
0sV(T,S) = F—V;V(T, S) + {ek<55>m(5)|2\H(T)|22(T, T)} 0sA(S, S) S

0% 0505V (To, So) =0
d: To satisty @, introduce A > 0 such that =
V(To, So) = e*|Qo|? ZoA*

which yields an expression for Hy(Tp):

3i,, A _ V3i . =
Hy(To) = iHoGg(To, To) + T —ITo (A% /\/\HOP (3 - A(SO,SO))>

The 2nd condition in @ gives a (long) expression for Hr1( Tp)
Plug these into the T-modulus sector of the Hessian:

2\ _ _\/ _ 2
4 eV = 20707V = 2Re(07V) Cannot both be positive
(0107 V)oxt —2N" <0 — 32V = 20707V + 2Re(02V) |
0:0,V = —2Im(0% V)



