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OVERVIEW

1. Recap on flattening in axion monodromy inflation

2. Flattening beyond 2 derivatives
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the string theory landscape:
many isolated vacua, connected by tunneling

. some mountain slopes drive inflation
*

string theory’s 6 compact dimensions:
strings , branes & fluxes
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ing theory’s 6 compact dimensions:
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moduli & axions:



inflation in string theory ..

must-haves ... controlled moduli stabilization & inflation . _
. 0 ‘. e.g. axion monodromy
R ," “ain double throat from
o . ultra-light thraxion
RO C2 KK-mode
R ;. e.9. 7-branes [Hebecker, Leonhardt,

Moritz & AW '18]

anti-D3 , O7-Z2: swap 2-

cycle bananas

to get C2 axions -
CICY scan

[PhD R. Altman &
ongoing work]

4D - 10D consistency of USS '

KKLT , LVS , Kahler Uplifting ... —

[Hamada, Hebecker, Shiu, Soler / \

Carta, Moritz & AW /

Gautason, Van Hemelryck, Van Riet, Venken / multiple throats - several

Kachru, Kim, McAllister, Zimet '19] axions ... look out for multi-
field effects!



axion monodromy inflation from 100
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* example - B; - axion monodromy from flux:
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many models in ’10-’18: Stanford/Cornell/Hamburg, Madrid, Madison, Heidelberg, ... erC
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S s
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many models in ’10-’18: Stanford/Cornell/Hamburg, Madrid, Madison, Heidelbersg, ... erc



axion monodromy inflation
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charge backreacts on geometry
— charged vs neutral BH !

[McAllister, Silverstein & AW ’08; McAllister, Pedro, Servant, Stout & AW ’1 6; Kim & McAllister ’18]
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axion monodromy inflation

)

* bare bones monodromy:

dB|?
/d10$(| 92| | |F1|2—|—‘F3|2—|—

Fy

[McAllister, Silverstein, AW & Wrase ’ 4]
[Hebecker et al.’ |4’
[Buchmuller, Dudas, Heurtier, AW, Wieck & Winkler ’| 5]




axion monodromy inflation

)

bare bones monodromy:

dB|?
/dmx(| 92‘ I |P1|2+\53|2+
C
L — 51 I CQ¢2(/L2 —|— bz)

Fy

05V =0

(9) = ($)o(L +0° /)17

[McAllister, Silverstein, AW & Wrase |4
[Hebecker et al.’ |4’
[Buchmiiller, Dudas, Heurtier, AW, Wieck & Winkler ’| 5]




axion monodromy inflation

2 types of flattening — additive & multiplicative:

b2
Veff.(b) — V‘(qs) ~ <¢>(2) (1 14 b2/M2)2/3

other powers as well: b, b*3, b2

[McAllister, Silverstein, AW & Wrase |4
[Hebecker et al.’ |4’
[Buchmiiller, Dudas, Heurtier, AW, Wieck & Winkler ’| 5]




41 effective axion monodromy inflation

b now called

1 2
= S(06)° +

1
48

< Fiy —

[Kaloper & Sorbo ’08]
[Kaloper, Lawrence & Sorbo 'l |; Kaloper & Lawrence ...]
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axion monodromy inflation
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flattening from modvulus backreaction

2-field system:

effective potential:

[Dong, Horn, Silverstein & AW ’10]

V(g,x) =gd°x" + M*(x — x0)°

ms=9gxo~xXo <M (951)

2. 2 g ¢
Ve =M
ff.(¢) X0 M2+ggb2
_omet w3
1+ %% 1+ 4n



axion monodromy inflation with full mixing ...

Neglected so far here - kinetic coupling:

LZ%(%XV | fZ(é/A)

(au¢)2 o

2
m g
V=—1(x—x0)" - > ¢2+§x2q§2  M?>> H? >m?
2 limits:

(I) rigid mass:g=0
() field-dependent mass: m =0

[Pedro & AW ’19]



String compactification - UV input

Kinetic coupling - use string input:

(B) bulk moduli:

A2 (00)° +(09)° | 1 2

L= 72 ’ 5(3X)2 + ?(3@2 , [ =exp(x/A)

(L) small/local 'blow-up’ moduli:
W\ e X\P
L= (K> (007 + (09)] > f=(7)

[Pedro & AW ’19]



A Tale of 2 EFTs ...

e Full system is 2-field

See also e.g.: [Achucarro, Atal, Cespedes, Gong, Palma & Patil 2]

* Just integrating out heavy field X at 2-
derivative level too naive, if turn-rate large

e 2 EFTs of light field:

(HD) integrate out heavy field X correctly:
-- higher-deriv. action for

(2F)  2-field perturbation theory, then correctly integrate out
orthogonal perturbation

eI"C [Pedro & AW ’19]



A Tale of 2 EFTs ...

e Method (HD):

X=Xo(l+0) , 0= Z&2n$2n

;o

72 FEEE PR PRV 4 SLa IV — A fAVY
— _¢ V(¢) 2A2V//¢ T IN2T/ V72 \2 ¢ ..

el"C [Pedro & AW ’19]



Method (2F):

d* v}, dvy dlaH

d7-2 + zaHT’—L d: o a2H277J_U + ( dTnJ_) i\f + QTN’U(]XV - (QTT — k’2)’1}g — O
dQ N d d H

d7'2 — QCLHT]J_;—T — CL2H2T]J_U (adTnJ_)rUz; 4 QTN/UZ 4+ (QNN 4+ kz)’l}év — 0

a2H277l(3—|—€— 2n) — &) .

A Tale of 2 EFTs ...

—a?H*(2 4 2¢ — 3n + n&) — 4den + 26> —n) |
—a’H*(2 — €) +a*Vyny + a*H?eR |

[Pedro & AW "1 9]



A Tale of 2 EFTs ...

e Resulting speed of sound for curvature perturbation:

Qnn > |Qrn|, Q7]

[2 RV 4 31 fUVY — AfaftVE"

1 4
A2VO’/ Vo/éle2 ¢ + ..

12
T

0;2:1+4

e Same as for method (HD) -- the 2 EFTs agree order by order!

eI"C [Pedro & AW ’19]



Flattening & mbcotiidKderivatives ...

e cross-over from regime (l) to (ll) controlled by ratio:

2 2
(): T <1 (h: 1< 20
2
(L) : % <1 no constraint
2 2

[Pedro & AW ’19]



Flattening at more than 2 derivatives...

Can now check various examples of the 4 regimes ...
The g = 0 limit of (I)-(L) has been extensively studied & we agree

See also e.g.: [Achucarro, Atal & Welling ’15]
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Flattening at wmore than 2 derivatives ...

e (Case (I)-(L) at finite g -- kinetic steepening !
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Flattening at wmore than 2 derivatives ...

The m = 0 limit of (lI)-(L) for an f with p = I:
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® eq.(4.11), (4.12) : m.large

® eq.(4.11),@.12):m =0 |

xxxxxxxxxxxxxx

[Pedro & AW ’19]



Flattening at wmore than 2 derivatives ...

e The m =0 limit of (Il)-(B) for an exponential f:

| — » : 1.00000 | e—_

0.95| | |
| 0.0055| |
| | 0.99998

0.90, ,

85| | 0.99996/

< % = 0.0050, B |

0.80, ! | 0.99994

0.75| ! 2zl |
| ! D00 , _ 0.99992

0.70| b | |
005 0.10 050 1 5 0.05 0.10 050 1 5 0.05 0.10 050 1 5

‘/”0/ A (/)u/ A ‘/’0/ A

2
Observables for f = e X/M in the regime m? < gX?) and % > 1.




e kinetic mixing drives sizable 3pt-CMB correlations

o efficient description with single-field Higher-Deriv. EFT
® even for strong potential backreaction, 2-deriv. EFT not enough
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