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Overview

Work with toroidal orbifold compactifications of the Heterotic string, e.g. X¢ = Tﬁ/ZN

Prove no-go theorem for dS minima for Kahler modulus + dilaton sector including
non-perturbative effects in superpotential

Attempt to extend no-go results to stronger non-perturbative effects in g5 & indicate
potential loophole
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No-Go Results
C|aSSIC3| SUGRA [Maldacena,Nunez,'00]: NO dS

Subleading o/ corrections [creen Martinee Quigiey serni 111: AdS, but no dS
Inf|n|te tower Of Oé, [Gautason,Junghans,Zagermann,’'12]: NO AdS or dS
A” Worldsheet efFeCtS [Kutasov,Maxfield,Melnikov,Sethi,'15]. NO dS

Gaugino Condensation [quigley 1512 no AdS or dS

V VVYVYVYV

Gaugino Condensation, threshold effects, instantons®(conzato, ibanez Uranga, 1811 AdS, numerically
no dS
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6L ~e T

6L ~ e S = e~ 1/9t
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TWO'MOd u Ii M odel [Cvetic,Font, Ibanez, Lust,Quevedo, 91] . Tm(T}

[Font,Ibanez, Lust,Quevedo, 90]
. . [Gonzalo, Ibanez,Uranga, 18]
> Kahler Modulus T" and Dilaton S
T has an SL(2,Z) duality:

T+b
ToyT=2"1

cl'+d

Re(T)

[0]
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= [Cvetic,Font,Ibanez,Lust,Quevedo,'91] Tm(T)
TWO_MOdu“ MOdeI [Font,Ibanez, Lust,Quevedo, 90] :
. . [Gonzalo, Ibanez,Uranga,'18] '
> Kahler Modulus T" and Dilaton S

- T has an SL(2,Z) duality:

T—>7~T:aT+b

cl'+d

Kahler potential

K=—n(S+38) - 3In(i(T - T))

- Superpotential
W (S, T) =
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TWO'M od u Ii M odel [Cvetic,Font, Ibanez, Lust,Quevedo, 91] . Tm(T}

[Font,Ibanez, Lust,Quevedo, 90] '

[Gonzalo, Ibanez,Uranga,'18] '

> Kahler Modulus T' and Dilaton S :
T has an SL(2,Z) duality:

T—>7~T:aT+b ]

cT +d 5

Kahler potential

K=—n(S+38) - 3In(i(T - T))

Superpotential

QS) =h+ Y Adehas/ba
n°(T) a

- U](’D)”<(1<s(1‘)>’”/
H(T) = ] PU(T)
(') <//“(‘/') 2(T) (J(T))

[Rademacher,Zuckerman,’38]

W(S,T) =

[Discontinuous Groups and Automorphic Functions - Lehner]
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= [Cvetic,Font,Ibanez,Lust,Quevedo,'91] Tm(T)
TWO_MOdu“ MOdeI [Font,Ibanez, Lust,Quevedo, 90] :
. . [Gonzalo, Ibanez,Uranga,'18] '
> Kahler Modulus T" and Dilaton S

- T has an SL(2,Z) duality:

T—>7~T:aT+b

cl'+d

- Kabhler potential

K = —k(S,8) - 3n(i(T — T))

Re(T)
- Superpotential UDH(T S5 K55|05 + K.Of
{ S P2 (2]
W(S,T) _ ( 6) ( ) 1(S,S5) = Tk o2
n°(T) _ 1
ZIT) = - s

- Scalar Potential ‘T"(T‘T VIn( >.‘)_ )
V(T,T) = =" |H'(T) — J-H(T)C(T,T)

V(S,T) = (K55 FgFs + KT FrFy — 3WW) ’

= S Z(T, T)|Q(S)|2{ [H(T)]*(A(S, S) = 3) + V(T, T)}
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TWO-MOdu Ii Model [Cvetic,Font, Ibanez, Lust,Quevedo, 91]

[Font,Ibanez, Lust,Quevedo, 90]
Gonzalo, Ibanez,Uranga,'18
~ Kahler Modulus T and Dilaton S (Consale anes tranen
- T has an SL(2,Z) duality:

T—)'y-T:aT+b

cl'+d

- Kahler potential B B
K=-k(S,S)— 3ln(i(T - T))

- Superpotential

- Scalar Potential

V(S,T) = (K55 FsFg + K™ FrFp — 3WW)

= K9 22 DS PP A S) -9+ V)

O]
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A dS No-Go Result

> Assume typical Heterotic dilaton stabilization:
(Fs) =0— A(S,8) =0

> Conditions for dS minimum at 1" = Ty:
Vo=A'">0
orVp =0
Hes(V)o & 92V > 0

> Solve for H{) & H{), plug into 2nd derivatives:
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> Conditions for dS minimum at 1" = Ty:
Vo=A*">0
orVp =0
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—2A4

A o
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A dS No-Go Result

Assume typical Heterotic dilaton stabilization:
(Fg) =0— A(S,5)=0
Conditions for dS minimum at 1" = Tjy:
Vo=A*">0
orVp =0
Hes(V)o & 92V > 0
Solve for H), & H{, plug into 2nd derivatives:
O}V = 20707V — 2Re(07V)

Or0sV (Ty, Ty) = ————— = 03V = 20797V + 2Re(07V)
010,V = —2Ilm(03.V)
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> Assume typical Heterotic dilaton stabilization:
(Fs) =0— A(S,8) =0
> Conditions for dS minimum at 1" = Ty:
Vo=A*">0
orVp =0
Hes(V)o & 92V > 0

> Solve for H{) & H{), plug into 2nd derivatives:

7V = 20707V — 2Re(07
_ 8t2V OrorV e(c')§V) Cannot both be positive
OrdpV (1o, To) = — =g = 0aV = 20007V + 2Re(07V) T
010,V = —2Ilm(03.V)
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Beyond the No-Go

> V(T,S) is a modular function in T, so OrV is a weight 2 modular form and vanishes at
T =1i,p.

> Self dual points always extremum - when are they minima?
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Beyond the No-Go

V(T,S) is a modular function in T', so 7V is a weight 2 modular form and vanishes at
T =1i,p.

Self dual points always extremum - when are they minima?

Set n = 0 in parametrization of H(T). At T = p:

44m+6ﬂ.12m+12 ) ) k(sg) )
= 1225m x 27m+1T18(1/3) 1Q(S)[7[P(0)[7e (A(S, S) — 3)

8m+13,_12m+12
2 T

33(m+1) % 1225m

V(S,S,p,p")

OVl = OV = (S)PIP(O) P ES) (4(S,5) - 2)
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Beyond the No-Go

V(T,S) is a modular function in T', so 7V is a weight 2 modular form and vanishes at
T =1i,p.

Self dual points always extremum - when are they minima?
Set n = 0 in parametrization of H(T). At T = p:

44m+6 12m+12 _ B

= Q(8)[2[P(0)[2ek55) (A(S, S) — 3

Toasm s armri(r ) U FIPO P (A, 5) - 3)

28m+13ﬂ.12m+12

33(m+1) % 1225m

V(S,S,p,p")

OV r=p = V|r=p =

Q)PP (0)[2eH5) (A(S, ) - 2)

dS minima at 7' = p if dilaton is stabilized with (A(S, S)) > 3

How can this be achieved?
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Non-perturbative Contributions: Shenker-like Effects

> All closed string theories have non-perturbative contributions of strength e 1/9s
> Bit odd in Heterotic - no D-branes! [Shenker,'90]
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Non-perturbative Contributions: Shenker-like Effects

> All closed string theories have non-perturbative contributions of strength e 1/9s
> Bit odd in Heterotic - no D-branes! [Shenker,'90]

> Can find these effects via duality arguments, correct the Kahler potential [Silverstein,'96]

’ Al
Type | Worldsheet Instantons 6L ~ e~ Al/a < 0Ly ~e o
Type IIA Worldline Instantons dLjr4 ~ Ze‘mR”A < 0Ly~ Ze_m/gs
m m

Page 9
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Non-perturbative Contributions: Shenker-like Effects

> All closed string theories have non-perturbative contributions of strength e 1/9s
[Shenker,"90]

> Bit odd in Heterotic - no D-branes!

> Can find these effects via duality arguments, correct the Kahler potential [Silverstein,'96]

AH

Type | Worldsheet Instantons 6L ~ e~ AN/ < 0Ly ~e o
Type 1A Worldline Instantons 6L;74 ~ Ze‘mR”A < Ly~ Ze_m/gs
m m

> Also in M-theory 1-loop amplitudes [Green & Rudra,'16]
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Non-perturbative Contributions: Shenker-like Effects

> All closed string theories have non-perturbative contributions of strength e 1/gs
[Shenker,"90]

> Bit odd in Heterotic - no D-branes!

> Can find these effects via duality arguments, correct the Kahler potential [Silverstein,'96]

H

/ A
Type | Worldsheet Instantons 6L ~ e~ Al < 0Ly ~e o
Type lIA Worldline Instantons 0L;r4 ~ Ze‘mRHA ~ 0Ly~ Ze—m/gs
m m

> Also in M-theory 1-loop amplitudes [Green & Rudra,'16]

—1/2
9o T V—GtgtsR'E
D 29 27T e, /Mm 818 3/2(95 )

Eylg,) = 2(3)97 %2 +20(2)g2 + Y 8mo_y(fnl)e”
nezZ+t

SHO

1+ 0(g,))
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A Loophole Example
> Linear Multiplet Formalism: L D {¢,v, By} 0y = 9s

Lxp— / d40E< —og f(L)) k(L) = In(L) + (L)

[0]
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A Loophole Example
> Linear Multiplet Formalism: L D {¢,1), Bo}

Lxp— / d40E< —og f(L)) k(L) = In(L) + (L)

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

— —qn ,—B/VE @ _
fo)y=>" At e L+ Lo+

n=0
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> Linear Multiplet Formalism: L D {¢,1), Bo}

Lxp— / d40E< —og f(L)) k(L) = In(L) + (L)

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

— —qn ,—B/VE @ _
fo)y=>" At e L+ Lo+

n=0

> Scalar potential for single gaugino condensate:

V(l) = ? {(1 +09')(1 + bb)? — 36202 |9~ S+ D)/0E
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A Loophole Example

>

>

DESY.

V(1)
0.025]

0.020

0.010

0.005

0.015}
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A Loophole Example

> <L> _ 9
V() 1+ f(¢) 2
0.010 -
occs| F0) = (Ao + Aye03)e BV
> I Ay = —5.1 x 10*
0.006 |- A = 4.5 x 10*
I B =27
0.004 - 30
> i bps = 52
0.002 - gs = 0.75
L 1 |
0.1 06
>

O]
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A Loophole Example

2
> <_€ > _ 9%
0 1+ f(¢) 2
0A010j
0.008 |- f0) = (Ao + Alfo'?’)e*B/\/Z
- ’ Ag = —5.1 x 104
0.006 - Ay =45 x 10
I B =27
0.004j 30
- B g
0.002 e = 0.75
- - o L (e_B/‘/Z)NS.?xlO_E’
> 0.1 . . . . 0.6 <e_23/ﬂ> ~14%10°°

[0]
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Conclusions

Provided a no-go theorem =- extends connection between modular-invariance and
swampland conjectures

[llustrated a loophole in dS no-go arguments using Shenker-like e /95 effects in the
Kéahler potential

Many potential future directions - most obvious is a better understanding of Shenker-like

effects to close loophole or realize meta-stable dS in Heterotic string constructions

/
Silverstein-like Effects - 6L ~ e’l/g; ’
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Thank you!

Contact

pESY. Deutsches Jacob M. Leedom

Elektronen-Synchrotron 0000-0003-4911-2188
Theory - Cosmology
jacob.michael.leedom@desy.de

www.desy.de Office 01.142
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