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#* Small field models of inflation

- Designing small field SUGRA models
- Relevance to string theory

% Predictions for the CMB:
# Simplest models<1 | ry ;<<1, ¢y (=<<1

# New classng, Iy 1, @ osSpans allowed values




Models of inflation: Background

de Sitter phasp + p<< p = H ~const.

Parametrize the deviation from consthint
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Or by the number of e-folds
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Inflation ends whers = 1




Models of inflation:Perturbations

« Spectrum of scalar perturbations

dln Pr y — dnsg
— dlnk o dln k

Tensor to scalar ratio (many definitions) R/ L
r is determined byP,/Pg
(“current canonicalt =16¢)

CMB observables determined
by quantities ~ 60 efolds befor
the end of inflation




Hybrid 1+ ¢P
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No evidence for running

WMAP7 1001.4538

ng=.973, 6=.014
r<.24
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S. de Alwis, E. Novak

modular inflation: small field models
- “Topological inflation”; inflation off a flat featr

Guendelman ‘91, 2 1 /0

Vilenkin ‘94. Linde ‘94 /\_
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Enough inflation < V”/\V<1/50
o —wall thickness In space

(A/O)? ~ A* Inflation <> 6H>1® A>m,
H~1/3 A%/m?
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modular inflation: small field models
« Another version of inflation off a flat feature

Recently, Itzhaki +.
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Designing flat featuresfor single
field modular SUGRA inflation
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A singlefield with a logarithmic
Kaehler potential

K=-AIn(T+T) @V = b(I' - Tp)

Tro = — (14 (3— A ol
S| ° T IBR = 32

4 Cannot design a flat featurég'

Also:
Gomez-Reino and Scrucca, 0706.2785
Badziak, Olechowski 0802.1014

for 0 < A<L<3

Covi et al 0805.3290



Take the simplest Kahler potential and superpotentite
vicinity of an extremum

Always a good

approximation when
expanding in a small region

(9<1)

V — ¢ K [ K @ rI_J D{:. W 2 3 ‘ W 3]

~ (1+ ¢0) (oW + W) (oW + W5) — SWW]

For the purpose of finding local properties
V can be treated as a polynomial




Designing flat featuresfor single
field SUGRA modular inflation

Vi (1o.To), VE(To. To) = 0 Vr(0) =0
V(ly, To) >0 V(0) =1

n| < O(1072) n| < O(107%)

AT]Z my. DrW(+y) =0, y~1

A local equation

Not a local equation T — a complex scalar field




A numerical example:

The potential is not sensitive

to small changes in coefficien
Including adding small higher
order terms, inflation is indee
1/100 of tuning away

b,=0, b.=G, n,=1,b,=1/6,
Need 5 parameters: bs y4(y2+5) + y2+1=0
V'(0)=0.\{0)=1,V"/V=+
D W(-y), DyW(+y) = O N =6 by by = 2()7

K = o¢; W= Z b’

i1=0

If one wishes to tune the CC @ min to be small ghou
replace D_T W8 by V_T=0, V=0 (one more
condition)




Relevance to string theory

« Small field models, High scale of inflation,
central region of moduli space 91, Viompace=1
 Relatively small separation of scales
My 2 Mg 2 Ajfiation
Some hope for stringy physics in anisotropies!




Small field models, standard lore:
No Observable GW

N(p) = jf‘dloga(t):jf Ht =j:e‘%d¢= lem j: md@

If ¢~ const=>» 1 ~ & ( Ao )

NceuB

“Lyth theorem”A¢ ~ 1 =» 1, 3;> 1 (depending on “choice” of M;s)

In practice needd ~ 10
lo01= (r/0.01)

“dream” sensitivity




Small field models, standard lore:
No Observable RUN

casthe Simple example V(o) = A* (1 — a,0”)  dpnp < 1
“Thus, a definitive obsen . . 1 oly
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Simple example
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e The “minimal” model. V(o) = A (1 ay0? — a, ")
— Quadratic maximum '
— End of inflation determined by higher order terms

e Results:
— Suppression of GW

1 p—1 25
Tmazr — 16 [( ) ; ]
60eN/2 ) p— 2

Vpaw = 3 % 107 pl( W )2

p—2 \ Nenp

: 3 4 5 7 10 p — o0
Froar | 9.0x 1078 44x 1070 1.7x107°| 53x 10| 1.0x 107* | 3.0 x 107*
a 6.0x107% | 3.7x107* | 21 x107* | 6.0 x 1075 | 6.2 x 1076 0

Omae | 6.0 x 1074 | 45 x107% | 40x107* | 3.6 x 107* | 34 x 107* | 3.0 x 1074
ro] 9.0x107% | 35x107% ) 1.0x1077 | 1.9x 107" | 2.0 x 1077 0




Observational consequences

* Observation of GW signal in the CM®

small hieia models

e Observation of RUN in the CMB > 4

small icicé models” single iisic-models




CMB measured parameters

relevant to inflation physics
» Amplitude of temperature fluctuations TT

» Polarization EE, EB, BB

» Non-Gaussianity

» 5 parameters relevant to inflation physics:
v A
M ng
r

M run
T
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New class of small field models

-4
\7
FIG. 1: Shown is a graph of v/2e = V//V (left) and V (right) for a small field canonical SUGRA 3
+ B(¢—
model (blue), a large field model (green) and a model of the new class with non-monotonic € (red). + (¢ ¢m | n )
The new model interpolates between the two others. For the small field model (blue) the CMB

point is at ¢oymp = 0.13 and inflation ends at ¢gyp = 0.93. For the large field model (green)

(donip =5, dpnp = —3.53) and for the new model (red) (¢cnrp = 0, dpnvp = 1.0). The large field

R

model is offset V' — V — 1.5. Additionally, to demonstrate the similarity between the small field 3 (_ I 1

model(blue) and the new model (red) a symmetric example was chosen, i.e. as = 0,a6 = 0.3911.

The CMDB observables are ng = 1.03,r = 0.2, o« = —0.07.




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

Potential parameters Range CMB observables

o nm| o aj|ax Adso | Adgy || ns | 7 &

x 0.10] 0.015] 0.03]—0.6102(0.709 | 0.567 | 1.0 |0.96/0.10] —0.07
x 0.02]  0.01] 0.005] —0.875[1.451 0.4 0.8 0.99]0.02| 0.001
* 0.08]—0.005|—0.02] —0.695]0.7567] 0.566 | 1.0 [0.97]0.08] —0.05
* 0.10 0 0| —0.688]0.7591]| 0.573 | 1.0 |1.01]0.10{—0.006
* 0.05] —0.02]—0.03]—0.683410.7405]| 0.555 | 1.0 [0.94]0.05| —0.06
0.01 0 0{—0.3919]0.538 || 0.485 | 1.0 |0.99]0.01| 0.001
0.02 | 0.108) 0.003| 0.0341| 0 0.8 2.0 {/1.21{0.02] 0.0054

TABLE I: Listed are the values of the potential parameters, the range of inflaton motion after 50

and 60 e-folds and the values of the CMB observables, assuming that Nojysp = 60. The models

appearing in Fig. 2 are marked with an asterisk. The last model is a renormalizable model with

ag = 0.



“Predictions”
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New class of models: “Predictions”
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Potential parameters Range CMB observables Potential parameters Range CMB observables
0 o ) aqlas Adsy | Aogo || ns | 7 o 70 M0 g a4las Adsy | Aogo || ng | 1 o
# 0.10) 0.015) 0.03/-0.6102/0.709 || 0.57 1.0 [|0.96/0.10] —0.07| +0.02| 0.108|0.003 0.0341| O 0.80 | 2.0 [1.21]0.02] 0.005

Table I. The calculated spectra are the red curves. The observables in the table are at the pivot
scale of ln(k/kg) = 2.5 (left panel) and In(k/ko) = 6.7 (right panel). The green dashed curves
assumes just constant ng, the dashed purple curves constant ng and a. The red curves are the

numerical spectra.



New class of small field models:
EFT considerations

Small scale-separation

min(@,ﬁ)mﬁAz MinWz /7 H < E < A

(E/A) ~ve, h<<1




7\‘i i:112!31 SpeCial- For examp _;\1 — — '[j;;r} ;,’{jl) 1/2

r<la>.00l1= % 168Gev > A > & 16GeV

A~ 1x 10" GeV (/.01 1/4




Non-Gaussianity

» The running does not scale as 1/(h)>
* Integrating over the trajectory:

R | Pl (M)
INL = oV Yecnm | dM
b J

V(M)

OWEVER: Maldacena '03

single field=» boundary term (verified
explicitly)
= Need additional fields? (as in SUGRA)




Conclusions for models of inflation

% Small field models of inflation are interesting

(in my opinion most relevant to string/SUGRA)

3% Predictions for the CMB:
# Simplest models<1 | 1y 1<<1, ¢y (<<1

% New classng, Iy 91, & osSpans all allowed values

% RUN has a strong discriminating power among

cosmological models, linked with highn our models




Conclusions for inflation physics

% Simple “Reconstruction” = finding the inflaton
potential from cosmological observables, s

practically impossible
% ldentifying “The Inflaton” Is extremely hard

> High scale inflation, inflaton an arbitrary direatio

n fleld space, moving over a limited range

> Only window to Inflaton dynamics through

cosmological observables




