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EFT constraints from quantum gravity/string theory

—» evidence against dS vacua In asymptotic

regions of moduli space [Garg Krishnan 018]
many recent works on acceleration i [Ooguri, Palti, Shiu, Vafa, O18]
in asymptotic moduli regions E see e.g. TimmOs t [Hebecker, Wrase, O18]
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Our goal Is to extend the above results=»  effects stronger than gaugino conden
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class A No-go [Leedom, Righi & AW 22

¥ establish 2 no-go theorems N proving the GIU
conjecture & extending It:
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e What about Class B extrema?
In general Hessian doesnOt factorize ® much more compl

e VpI,Sqis a non-holomorphic modular function 1, so BV
is a weight 2 modular form and vanishesTatO i, !

o All mixed derivatives ol & S are weight 2 modular forms

e Self dual points always extremum - when are they minima
T -sector?
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e Theorem 2: At a point plg, $9q the scalar potentiaV pT , Sg
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a look into the modular landscape E
¥ T=i;: [Leedom, Righi & AW 022
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o Setm O O or else extremum is Minkowski
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IS there dS ?

[Leedom, Righi & AW 022

¥ outcome: dS must come from class B E

v

81 0p= E

But impossible with tree level dilaton KShler potential!
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¥ full KShler potential
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evidence for heterotic Shenker-like effects

[Silverstein,096Can bnd Heterotic Shenker-liké ects via
duality arguments. They correct the KShler potential

N

Type I-Heterotic giy O hoiy & 1y O1¢1

AH

Type | Worldsheet Instantons:"L, a e<A¢ "~ "L, & e“iF

Type lIA-Heterotic If Sy Tja in 4d andif there is a
non-trivial #1:

. J %) "
Type IIA Worldline Instantons :"Lys & ™"~ "L,5 e™

m m

Does not explain the fundamental origins of thede=ets
within the Heterotic frame

Very schematic B no explicit calculations
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evidence for heterotic Shenker-like effects

Low-Energy Limit: 11D Supergravity
| 0 u |
1 ? 1

: — 1
S110 O = dllX «G R« §|G4|2 « 6 C3N G N

Type IIA O”S |\/| Theorv O”T Type IIB

Jia A

11dim.
10dim 10dim.

on SY{Z,

N

mzl_%
D

OHE

X the orbifold direction /

7
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Calculations fron{Green, Rudra, O16]
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Shenker-like Terms
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¥ But Why? Dualities
Back to 9D: SO & Type | are S-Dual vign, ~ g*
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¥But Why? Dualities
Back to 9D: SO & Type | are S-Dual vign, ~ g*

. 0 - - ! ) v u
HO| rhO % «G Z#FBq 4\_I_I_ | ' rl d9 —G 2#FBq ttR4\_|_"
I
00 2#Begno tatsR?
H

The 2 —f pyictstsR* term requires a cdecient such tha

f gy tg Of dg“'q

satisped by the real-analytic Eisenstein seig$! )
s Is determined by matching the perturbative ps



evidence for heterotic Shenker-like effects

¥ And Self-Duality
A 9D Theory we have left behindvl-theory onT? = [IB on S*

I
' ?

1 - ((l
Siob ! =y 4 « G’ EspSdiatsR

SO Gy gy is a complex scalar.
Orientifolding to Type | projects out C,
leaving only g<? in the other 9D theories

¥ From What?

In Type I:

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 orbifold
X11 direction [Dasgupta, Gaberdiel, Green, O00]

In Heterotic:



sketch of proof of theorem 1 (& similarly, 2)

Proof: The proof by contradiction b assur@ @ 1v) are true @iy, S0

! )
BV T, Sq O SV, Sq° €591 (SP|HET o°ZpT, Pa BSATS, o o

Bf ByBsV plo, Soq OO
To satisfy @), introduce! ! 0 such thal
V pTo, Sog O eX|" o[?Z! 4

which yields an expression fal pToq

b \ RY
3 3i . u
Ht pToq O—Ho@szo,"zqu .2u| |Ho|2 3« ApSo, %9
2' O(( -ﬁo

The 2nd condition In@) gives a (long) expression férr plog
Plug these into the T-modulus sector of the Hessian:

4 RV O 28rBpV « 2RBV Cannot both be positiv
PE BgV 9« 217" 0— BV O 2B;BsV ~ 2RpE V(

BBV O «2ImpE Vg



