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The Swampland

e \What is the Swampland Program? [vafa 05]

e Swampland: set of consistent EFT’s in
the IR that cannot be completed into
guantum gravity in the UV.

e The Swampland Program aims to
determine general features of theories
consistent with quantum gravity.

Energy
Auv

IR

Starobinsky Inflation and the Swampland

Quantum (e.g. String theory in
Gravity  ¢=10)

(EFTs in d=4)
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e The Swampland distance conjecture (SDC) tells us that for a field
experiencing super Planckian field displacement there is an associated
Infinite tower of states whose mass scale decreases exponentially [©oguri. Vafa '07]
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e Furthermore, the species scale will follow a similar behaviour

Nsp(dy) = Ngp(s)e™ 01—

e |n the following we assume the scale of QG saturates the species scale
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Starobinsky Inflation

e For an effective theory of gravity valid up to some UV cutoff, one expects

higher curvature corrections of the form
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e An effective realization of Starobinsky inflation would require
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e Hard to motivate from string theory, even harder to construct
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e A spectrum of Nsp light species coupled to gravity produces a guantum
one-loop correction to the graviton propagator

1
H,ul/pa(p2) _ K,uupaﬂ_(pQ) K Hvpo — 5 (nupnl/a 4 nuanup L nul/npa)

77_1(192) ~ p” (1 - Nsppz)

¢ [his acts as a correction to the momentum dependence of the tree level
graviton propagator.
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® [he graviton propagator is corrected by a tower of species as

2
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¢ \Ve can consider a gravitational action
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* The exponential scaling modifies the predictions
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String Theory Embedding

e \Ve start from the higher dimensional EFT

MS
Shet = > /dm:lf vV —G) ¢72® G(S MNTRU) 4 o/ OMN(RI2), v+ - }

MS
Siip = 5 /dm:z:\/ GI(S) 2@ G(S)MNR (S) _I_O/BOMN (R(S)4)MN---‘|‘"']

e After compactifying down to four dimensions we obtain
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R2

Sus NMJ%,4/d437 \/ —94 Ry + gy 2V81/3M2 Foee
P4
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Heterotic: M ~ M, String tower:

N ~ 95_2
( M
Iy Ag >~ Mp 0 =~ \/—Ti
2
Type I[IB: M ~ g, 12 KK tower: <
’ \ N ~ To X~ V%

* Not protected from higher curvature corrections!
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Conclusions Starobinsky Inflation and the Swampland

e The Starobinsky model of inflation can be interpreted as a QG correction to
EH gravity.
* |n particular, it can be generated by the renormalization effects of a tower

of light species.

e Top-down arguments can be used to identify M ~ A,.
e ldentifying M ~ A, leadsto A, ~ 10" GeV, N,, ~ 10'°.

p =

e Starobinsky Inflation is spoiled by an exponential scaling |7 2 O(107°)
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