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CMB Observables
of Small Field Models of Inflation
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% Small field models of inflation
¥ Predictions for the CMB:

#* Simplest models: ng<I, r, ,;<<I, @, ,s<<I

#* New class: ng, r, 5, @ 45 all allowed values

#* Designing small field SUGRA models
#* Relevance to string theory




Large field

e < 1< O

‘;,-
Small field < — ¢
, 0

0.96 1.00
n




llllll_.llllll!_llll_lllllllll

No evidence for running

Hvbrid -

A(l) my, Lagge E"jltimi |
e < n U

0.2 o

79 < 1

. fj

Small ﬁ

| O . . x 2 = = =
Ap~mp " go 0.96 1.00 1.04
Ik g




(My) preferred models of .

S. de Abwis, E. Novak

modular inflation: small field models

» “T'opological inflation™: inflation off a flat feature

Guendelman, Vilenkin. Linde Z I /.
—4 -2 0 2 4 O/my,
el
- | A

0 —wall thickness 1n space
(A/8)> ~ A? Inflation @ 6H>1 = A>m,
H>~1/3 A%/m 2




Ad My
- | Large field
. 02

) < N {:}
['/'::j} o r]

& f;_,:j
Small field n<—¢

0.92 0.96 1.00
n




llllll_.llllll’_llll_lllllllll

No evidence for runming




lep-ti 0205042

(My) preferred models of hep-th 0212341

S. de Abwis, E. Novak

modular inflation: small field models

1

» “Topological inflation™: inflation off a flat feature

)

Guendelman, Vilenkin, Linde 2 I ( 3
—4 -2 0 2 s dm,
——y
—a | A

0 —wall thickness 1n space
(A/8)> ~ A? Inflation @ 0H>1 = A>m,
13 A'fm




(My) preferred models of L

S. de Abwis, E. Novak

modular inflation: small field models

» “Topological inflation™: inflation off a flat feature

Guendelman. Vilenkin. Linde 2 I 3

Enough inflation & V7/V<1/50
0 —wall thickness 1n space

(A5 ~A*  TInflation < SH>1 A>m,
H2~1/3 A¥m 2




(My) preferred models of
modular inflation: small field models

Enough inflation & V/V<I750
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(MY) preferred mOdels Of S. de Alwis, P. Martens
modular inflation: small field models

« Another version of inflation off a flat feature
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Enough inflation & V/V<I750




Models of inflation: Background

de Sitter phase p + p << p 2 H ~const.

Parametrize the deviation from constant /7

by the value of the ficld

Or by the number of e-folds
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Inflation ends when € = 1




Models of inflation:Perturbations

» Spectrum of scalar perturbations

f!”:‘;
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Spectral indices

is = 1 — 6ecrB + 2ncmB

Tensor to scalar ratio (many definitions)
r 1s determined by P/P,
(*current canonical” r =16 €)




Models of inflation:Perturbations

» Spectrum of scalar perturbations

T B _ ing
_ iIn Pr = arncg

dln k din k

Spectral indices

ng =1 —6ecyrs + 2ncmB

Tensor to scalar ratio (many definitions) [EEe=
r 1s determined by P/P,

(“current canonical” r =16 €) CMB observables determined

bv quantities ~ 60 efolds before
the end of inflation

Page 14/70




Small field models, standard lore:
No Observable GW
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r=16g = 4&

do n \/II_

If £ ~ const. =

“Lyth theorem” Ap ~ 1 =2 1y > 1
In practice need A¢ ~ 10




Small field models, standard lore:
No Observable SIR

Easther+Peiris, 06040214
“Thus, a definitive observation of a large negative running would imply
that any inflationary phase requires multiple fields or the breakdown of

slow roll. Alternatively, if single field, slow roll inflation is sources the
primordial fluctuations, we can expect the observed running to move
much closer to zero as the CMB Is measured more accurately at small
angular scales.”




Small field models, standard lore:
No Observable SIR

Simple example: V(o) = A* (1 — a,®) Joenp S 1

L Ben-Dayvan, S. de Alwis 0802.5160
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Small field models, standard lore:
No Observable SIR

Simple example: V(¢0) = A* (1 —a,0”) Joenp S 1
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Small field models, standard lore:
No Observable SIR

Simple example: V(o) = A* (1 — a,o”) Joenp S 1
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Small field models, standard lore:
No Observable SIR
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Simple example:
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e The “mimmmal” model:
— Quadratic maximum
— End of inflation determined by higher order terms
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e The “mimmmmal” model: _- A% (1 — ax¢? — a,¢P)
— Quadratic maximum
— End of inflation determined by higher order terms

» Results:
— Exira suppression of GW
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Observational consequences

* Observation of GW signal in the CMB =>

small fieid models

 Observation of SIR in the CMB =

.

small figid models = single ficid models




SIR S
observations®

A *hard* measurement
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New class of small field models




New class of small field models
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New class of small field models

¥ L3
~ 3/2rn END
4 physical parameters™ + 2
mitial conditions, 5 equations,
1 non-linear *only denivatives
of the potential are measured




New class of small field models
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New class of small field models

— A0 — A50
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4 physical parameters® + 2
mmtial conditions, 5 equations,
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of the potential are measured




New class of models: “Predictions”

Potential parameters Fl.'ktIl;" CAIB observables
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New class of models: “Predictions”




New class of small field models:
EFT considerations

Small scale-separation

A= min(_x/g. \/;)H <E<A

A

P

min(~/ <. \/}-—])

);1i=1.2.3. special. For example [BYIESNIRLIPNIIIRE







New class of small field models
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New class of small field models
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New class of small field models
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New class of small field models
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Potential parameters
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New class of models: “Predictions”
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New class of models: “Predictions”




New class of small field models:
EFT considerations

Small scale-separation

min(Ve ,\7) A = min(Ve. ) H < E <A
-

L. 11,23, special. For example [REEECERIEBIFENI )1/2




A, 1i=1.2.3, special. For example [DYISESNIELIPNIINEE




A, 1=1,2.3, special. For example [DEIEEemiSHIFg]




New class of small field models:
EFT considerations




A, i=1.2.3, special. For example [DYISESNIELIPNIIIEE




A, 1=1,2.3, special. For example DS ISHIFNNIE e




r<la>001=3x10°GeV >A >1x10°GeV




Designing flat features for single
field SUGRA modular inflation

Enough inflation & 177/1V<[730




Design a maximum with small curvature with polynomial egs.

Example: real 5,




A numerical example:

The potential 1s not sensitive

to small changes in coeflicients
Including adding small higher
order terms. inflation is indeed
1/100 of tuming away

b,~0, b.=5:0,~1,b;=n/6,

Need 5 parametcrs: b. VH(y2+5) + y2+-1=0
V(0)=0.VV)=1,V”*/V=x ) :
D, W(-y), D;W(+y) =0 M =6b,; b; — 2(by)*

[f one wishes to tune the CC (@ min to be small enugh
replace D T W=0 by V T=0, V=0 (one more

_____ s R TarsUIRCRRELR,



Relevance to string theory

- SIR: Extremely sensitive indicator for a high scale mflation

 High scale of inflation €= central region of moduli space
s i 1 Vcampact Z’ 1

» Relatively small separation of scales

mp s Ms Z ‘xhlﬂatlﬂﬂ

Some hope for stringy physics 1n anisotropies: explain!
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Relevance to string theory

« SIR: Extremely sensitive indicator for a high scale inflation

 High scale of inflation €= central region of moduli space
s i 1 Vcﬂmpact Z 1

» Relatively small separation of scales

mp i Ms e ‘xlnﬂatmn

Some hope for stringy physics in anisotropies: explain!




A numerical example:

The potential 1s not sensitive

to small changes in coeflicients
Including adding small higher
order terms. inflation 1s indeed
1/100 of tuning away

b,~0, b.=5:0,~1,b;=1/6.

Need 5 parametcrs: b. VH(y2+5) + y2+1=0
V(0)=0.Y0)=1, V" /V= ) )
D, W(-y), DW(+y) =0 M =6 b, by —2(by)"

[f one wishes to tune the CC (@ min to be small enugh
replace D T W=0 by V T=0, V=0 (one more
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Designing flat features for single
field SUGRA modular inflation

Vir(To. To). VHT5.Ty) =0 Vr(0) =0
V(To.To) >0 V() =1

n| < @O(1073%) nl < O(1077)
IAT| 2 m, DrW(d+y) =0. y~1

A local equation

Not a local equation
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Designing flat features for single
field SUGRA modular inflation

4 -2 0 2 4 O/my,

Enough inflation <& 177/1<I7350




Designing flat features for single
field SUGRA modular inflation

Enough mmflation & 177/1V<I730




A, 1=1,2.3, special. For example DS tISHIFNNI} e

r<la>001=3x10°GeV >A >1x10°GeV




New class of small field models:
EFT considerations

Small scale-separation

A= mm(\/g. \/;)H <E<A

A

m_

y2

min( Je. \frf—l)

A, 1i=1.2.3. special. For example [BAIENIRLIPSNIIRE
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Designing flat features for single
field SUGRA modular inflation

Enough nflation & 177/1<I730




Relevance to string theory

- SIR: Extremely sensitive indicator for a high scale mflation

 High scale of inflation €= central region of moduli space

g <1, V > 1

cempact —

» Relatively small separation of scales

mp s MS S ‘X[nﬂatmn

Some hope for stringy physics in anisotropies: explain!




Relevance to string theory

- SIR: Extremely sensitive indicator for a high scale mflation

 High scale of inflation €= central region of moduli space

s i 1 VCGIﬂpECt Z’ 1
» Relatively small separation of scales

Inp = Ms o ‘\Inﬂatmn

Some hope for stringy physics 1n anisotropies: explain!




Conclusions

#% Small field models of inflation are mteresting
* Predictions for the CMB:

¥ Simplest models: ng<I, r, ,;<<I, &, ,s<<I

# New class: ng, r,,;, @45 all allowed values

* SIR has a strong discriminating power among
cosmological models, linked with high 7 in our

models




Design a wide (symmetric) plateau with polynomial egs.

DR LTI\ e LRI [n practice creates two
| minima @ +v.-y

y(bo + bry + boy” + byy® + byy* + bsy®) + by + 2bsy + 3bgy” + dbyy” + 5bsy” =0
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A smmple solution: b,=0, b,=0, b,=1.b;=nm/6.




Design a wide (symmetric) plateau with polynomial egs.
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A smmple solution: b,=0, b,=0, b,=1.b;=1m/6.



Design a maximum with small curvature with polynomial egs.

2_

V = X[K®|D,W|2 —3|W

~ (1 + 60)[(6W + Wy)(oW + W3) — SWW]
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b2 362 —1 = by £0 Example: real 5,
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Designing flat features for single
field SUGRA modular inflation

-{}_II—IJ.TH}.I%{I—I,MTH} —4 ITTH}F — |
V(To,T,) >0 V(D) =1

n| < O(1072) nl < ©(107?)
[AT] 2 mp. DeW(ty) =0, y~1

A local equation

Not a local equation




