Inflation In Light of Planck & BICEP2
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Some Big Questions

Why is the Universe so big and old?

Why is it (almost) homogeneous on large
scales?

Why Is its geometry (almost) Euclidean?
What is the origin of structures in the Universe?

A possible answer:

Cosmological inflation
What do the Planck and BICEP2 data tell us? _
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General Relativity & Cosmology

* Einstein’s equations:

1 8mG
Ryy — 59w B+ g A = TT;W

« G = Newton constant, energy scale ~ 101° GeV,
Distance ~ 10-32cm, time ~ 10%3s

« Our Universe Is a special solution of equations
Size >>1032cm, age ~ 10*3s

| * Due to a “cosmological constant” A?

— Due to a scalar “inflaton” field ¢: A ~ V(¢) # 07?
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Cosmological Inflation

Expansion driven by cosmological constant:
2 _ (a)i _A (a = scale size)

a. 3
Exponential expansion

All the visible Universe
was once very small

In close contact:
(almost) homogeneous
Geometry ~ flat
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Primordial Perturbations

“Cosmological constant™ due to vacuum energy in

“Inflaton” field ¢: A ~V(¢) # 0

Quantum fluctuations In ¢ cause perturbations in
energy density (scalar) and metric (tensor)

(Almost) mdependent of scale size

False Vacuum
(metastable)

True
Vacuum

|

Visible In cosmlc microwave background (CM B)

&,
Magnitude of Scalar Field (¢)
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Perturbations Generate Structures

Planck

i v

Dark matter distribution today (simulated)
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Inflationary Perturbations in a Nutshell

« Universe expanding like de Sitter
Horizon = information loss = mixed state
» Effective ‘Hawking temperature’ H/2n
Expect quantum fluctuations:
<dd>, <hh> ~ H?
: = +
(Ig I:Iz;\a:;orn(’d%rnas\; gla)ltl ?ennaslofrI ?JIS rtg FL B at i?)?]vs &
Should have thermal spectrum
Scalars enhanced by evolutionof ¢ 2 r~¢
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Slow-Roll Inflation

Expansion driven by cosmological constant:

a\? A
| w=(2) =3 |
Getting small density perturbations requires a
“small” potential: ( T = 0.0275 x Mp

That is almost flat: . _ z”(” ) = u“( )small
SO as to get sufﬁuent e-folds ot expansion:
Malin observables ot scalar and tensor pert’ns:
Scalar tilt: n, = 1-6¢+ 2y, tensor/scalar ratio: » = 16e
Perturbations ~ Gaussian: look for deviation (fy,) |







| The Spectrum of Fluctuatlons In the |
Cosmic Microwave Background ‘

The position of the first peak
-> total density Q.

The other peaks
depend on density of §
ordinary matter € .. |

& dark matter Qp.. |
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Multipole moment, 7




Cosmological Inflation in Light of BICEP2

Quantum gravity radiati




Cosmological Inflation in Light of
BICEP2

« QUANTUM GRAVITY RADIATION!
. |~
« BICEPZ2 observations support for inflation
“Large” tensor tO scalar ratIO ‘r = (). 20+8 82-;'
S C:'ILJP-.D %:nclr"nerang _:f;g":_‘ "—'::v‘:' II."; , i El} +0. ﬂ?
% 00! _,_—::_;f - 3
gﬁ _'_—T:'__,_ - % * f
g i L1 I
- T 13_'_ ~ k '| |
2 ——% _+_ Y
i s (;:_-,+ T‘i | I I Hk'\ o
1o oo il
1‘3'“]1 - 1;}2 ' 1;:'3 0 01 02 03 l}r—l 05 0.6 [...'
Multipole Tensor-to—scalar ratio 1 -«

|
— 5 = = - ~ =
A R P L ol lab o n > S g -~y - ] . - " 2 4



The BICEP2 Result 1s a Big Deal

+« [B2xB2
=1 0.05 < B2xBlc
B2xKeck (preliminary)

Data too high? |

% S stimated background |8
-------------------------------------- from gravitational lensing |8

0 50 100 150 200 250 300
Multipole

| » Gravitational waves! Probably quantum origin |
|+ Need to maintain proper scientific scepticism A
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e
Questions/Issues| oo

with BICEP? RS

test too good?

EE data
too high?

BB jack — x> PTE = 0.99

BICEP2 has only 0 50 100 150 200 250 300
one frequency

I(1+1)CEE/2r [uK?)

1(H+1)C2/2m [uK?]

100
Multipole




I Po"ﬁﬁon

by Loops?

 Radio-emitting
loops from
supernova bubbles

1

By W
B

A
s..h'fm VLY USY

?' « Associated with

| magnetized dust?
» May polarize CMB
- |+ BICEP2 towards a loop
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1 nal

Inflationary Landscape

Monomial
Single-field

=

0 potentials
0.20|E' 07 F
s | BICEP2 | k.
o1d 01F
0.09 Starobinsky
R + R? model

0.0 [][]
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Reconciling Planck and BICEP2?

Possible if scalar spectral index runs (fast)

dne =21 7] 2 Where ¢ =t (Y2)
Bracketed terms O(104), need & = O(10-?)
In slow-roll approximation, expect & << O(10-2)

Such a large value of & Is problematic for
consistency of slow-roll approximation:

¢ = O(10-%) implies V’/V = O(101)
E = O(10-%) then requires V’>’= O(107)
Change AV”* = O(1) for Ap = O(10)
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Inflationary Models in Light of Planck

» Planck CMB observations consistent with inflation
« Tilted scalar perturbation sj T pWn): |
04t lanck v -|-1|gr

— Planck -WP--highl +BICEP? |
n, = 0.9585 w84

« BUT strengthen upper limi| 5}
perturbations: r < 0.10

 Challenge for simple
| Inflationary models
1+ Starobinsky R to rescue? w

|« Higgs/Supersymmetry/Suj——gr—ey—e——i

Flanck+WP
B Planck-+WP+highL
71 | Planck+WP+BAOD | |
I Natural Inflation
—— Power law inflation | |
SB SUSY

fo.ooz

R?
— Vxa®

— Vxg?3
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Starobinsky Model

* Non-minimal general relativity (singularity-free

mol 1
| cosmology): . / d*z/—g(R + R?/6)M?)
 No scalar!? 2

* Inflationary interpretation, calculation of
perturbations: Mukhanov & Chibisov, 1981

1 , a?l
85, = —2—)’..:14,-: [ﬂ" Z‘VQ¢V“¢+('; + M2a® ¢2J

| o Conformally equivalent to scalar field model:

—

1 _ 3 ’
q — —/d4I _g R‘I‘ (aﬂwf)ﬂ L iﬂfﬂ(l e 2/3¢p }2

Stelle; Whitt, 1984



Higgs Inflation: a Single Scalar?

Bezrukov & Shaposhnikov, arXiv:0710.3755

|+ With potential: v(y) - 22z (Hﬂp( % ))z

Successful mflatlonary potentlal at X > Up =

 Standard Model with non-minimal coupling to
graVIty: 5 — /d*:r.v"—_g{ M? +£h_;:_rR

2

&y hoH h _i 2 92
—+ 5 1 (h v ) }

e Consider case 1 <« /€ <= 1017 : In EInstein frame
Sp = /d‘lx\/__g{ _ ﬁ}h Oux07x U(k)}

4¢? V6Mp
Similar to Starobinsky, but not identical =

.
™



Higgs Inflation: a Single Scalar?

» Successful inflation for ., _ \/E NCOBE _ 400007/ — 46000 ™"
3 0.0272 V2v
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'+ BUT:

— Requires A > 0 beyond M;: need M, > 127 GeV?

- How natural |s such a Iarge value of &7




Theoretical Constraints on Higgs Mass

» Large M, — large self-coupling — blow up at &
— 7 7_ 4 0.10 - _
: ANQ) = A\(v) 3?34 L:;.EJ-Q oosf. \ Instability @ .
2%y IECAPSS SR N 1 011 1+11 Gev/ I
|* Small: renormalization = &= \
: :
due to t quark drives £ ool | |
quartic coupling <0 .
| at some scale A — \
’_z — vacuum unStabl e 2 10 10 IRDG;LE Lum G:; 105 10% 109 ,:‘_“3

~ » Vacuum could be stabilized by Supersymmetry




Vacuum Instability in the Standard Model

Viz]

 Very sensitive to m, as well as M, !
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ﬂj . ﬂ-irf E‘Eg{ﬂfz} —0.1184
log,g Gy = 11341 [l( cov 125 55) — 1.2( Cov 173.10) +0.4 000

. New measurement of m, = 173.34 + 0.76 GeV
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Inflationary Models in Light of BICEP2

|+ Back to basics: monomial power-law inflationary |
potential? VvV = p*"¢"
» Slow-roll parameters: ¢ = ; ‘"‘ifﬂ n = n(n—l)M‘éﬁ
» Inflationary observables: _ . ﬂiﬁfﬁ} . l—n(n+2)Mz
|« Number of e-folds: N—%% ' 7
» Consistency condition:|- = s(1-n- )
|+ Comfortably satisfied by the measurements :
r = 0.16729% n, = 0.960 ::0.008, N = 50+10 |




Inflationary Models in Light of BICEP2

« What is the power In the monomial inflationary
potential? Vv = ptmgn

» Two expressions for n: » — %; n = 2[N(1—n,)—1]
« Numerical values from measurements:
_ +0 _ n
n = 2.0 DS, = 2.0+1.1

* n =2 perfectly OK, n = 1, 3 potentials unbounded |
| below, n=4 has Ay*> 8
|+ Looks like quadratic inflationary potential
V 0% N(ZXIUIBGCV) m = \/_[LL—ISXIUH GCV‘I;D \/ﬁMPgE

- JE Garc R, Nanopoulos & Ollve arX|v 1403 7518




Destabilization of Electroweak VVacuum
during Inflation

Kobakhidze & Spencer-Smith: arXiv:1301.2846

e Transition out of unstable electroweak vacuum
if H>101to 1012 GeV

« BICEP2 measurements corresponds to
V ~ (2 x 10% GeV)?

' » Corresponding to

H~ 10* GeV

1 » Strengthens case for new physics beyond the
Standard Model, scale < 10! GeV




Inflation Cries out for Supersymmetry

Want “elementary” scalar field -
(at least looks elementary at energies << M)
To get right magnitude of perturbations
Prefer mass << M,
(~ 1013 GeV in simple ¢? models)
And/or prefer small self-coupling A <<'1
Both technically natural with supersymmetry

JE, Nanopoulos, Olive, & Tamvakis: 1983 =

J T
R )
- r . L4 v
. v R <




Sneutrino Inflation?

» See-saw model of neutrino masses requires

~ s

massive singlet (right-handed) neutrinos

* In supersymmetric models would be accompanied
by massive sneutrinos, with m4¢2 potentlal

1014 i

« Decay of sneutrino inflaton I / _
012 A | B

gives efficient leptogenesis R

- BUT: disfavoured by 10 5
s B
Planck data 10° ||
6 I 0P 0% 107

= T ST
.l 2 v e Sl e “ v [ a——TT-—"—

M in GeV
\




Multiple Sneutrino Inflation?
JE, Fairbairn & Sueiro: arXiv:1312.1353
« EXxpect 3 massive singlet (right-handed) neutrinos

|« Consistency with Planck data? -
|+ Marginal improvement with 2 sneutrinos

N | | | | | | I—I q:': jlrlﬂm‘ilnn I.I I I | ' _iF inflatio

0.2~ © ¢ inflaton + @ curvaton | 0.2~ 1&;1 nflatio l;lc vaton| |
0505 e 0. J( "' | :-I.:{J 9% . | 0G0 14 {31}3 —
| Slgnlflcant |mprovement with 3 sneutrinos
:4»_4;;_...:-* 57 L T e Y e N AR oS U "SR | i




Multiple Sneutrino Inflation?

JE, Fairbairn & Sueiro: arXiv:1312.1353

EaClbg e 5. Lo

VO A g Wy T

- 3 P
S e

 Sneutrino inflation model compatible with all the
- neutrino and Planck data -
1+ Neutrino masses and mixing Porster | Vil _
Mg, 2.6 10 eV
i, - Tg 29%10° GeV
an {18, o 2 2w 10" GeV
24¢-) My 2.2 10" GeV
Iy 1.5x10¢ GeV
Xs 2 4w 10" GeV
M a0 GeV =
% I, 1.8x 10~ GeV
sin (28,1 T 1.2 10" QeV
l j J 2.7 x10° I:Er"."
o1y 1.8 10—
TAcls T5e05 Theds T7eld 04 U 0.4 Mg [0.0507
d cin'ilElul P 0.042
o m 4 85x 10— eV
- Full set of model parameters M| 492 U0E oY




More General Polynomial Potential

» Consider single real field with double-well L
potential: v — 442w —¢)? [ V(@) ?

l‘"l

« Shallower than ¢? for \‘
0<op<V \

|» Better tensor-to-scalar
ratiorforO<oe <v inflation

| Steeper than @2 for
@ <0or>v:worser




Effective Potential in Wess-Zumino Model

 First (and minimal) supersymmetric field theory:
. e Efxﬁ :
|« Effective potential: v = ‘;‘;
 Equivalent to single-fielc
model for 6 = 0 (good)
|+ Combination of ¢? + ¢*
for 6 = /2 (no good)

|+ Good inflation possible

= Av*(z* — 2cosfx® + z?)
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Supersymmetric Inflation in Light of Planck

* Supers| ; \del

consist

L s B

VR U AR YA TR RO TN

0.94



Exploring Wess-Zumino Inflation

» Generic SUSY models have 2 scalars: ® =y + 1o
» Explore 2-field parameter space of WZ model .

\\l Il Inflationary
N trajectories




Exploring Wess-Zumino Inflation

. Explore 2-field parameter space of WZ model

|o=s

] | 0.5 . ,
. 04 L P.l'anck+WF’+h|-:th - ‘mmem -, !
Planck +WP +hlghL+B|{fEP2 0.4 b

03} =

f 0.3 :
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Exploring Wess-Zumino Inflation

o Statistical distribution of possible predictions -
assuming rotationally-invariant distribution of R
|n|t|a| Cond|t|0ns JE, Mavromatos & Mulryne: arXiv:1401.6078 ‘

| » Planck-compatibility not implausible
:4'»_4.;'.-.;..':--*‘ IR owge ok - IR AN g Wy I TR O WO U T e




From Supersymmetry to
Supergravity

The only good symmetry is a local symmetry |
(cf, gauge symmetry In Standard Model)
L_ocal supersymmetry = supergravity
Early Universe cosmology needs gravity
Supersymmetry + gravity = supergravity
Superpartner of graviton is gravitino fermion
Gravitino condensation? (cf, quarks in QCD) | =
Mechanism for inflation R E R




No-Scale Supergravity Inflation

Supersymmetry + gravity = Supergravity -
Include conventional matter?

Potentials in generic supergravity models have
‘holes’ with depths ~ — My*

Exception: no-scale supergravity
Appears in compactifications of string
Flat directions, scalar potential ~ global model +

OntrOI Ied COFI’eCtIOﬂS JE, Nanopoulos & Olive, arXiv:1305.1247, 1307.3537 :




No-Scale Supergravity Inflation

'+ Simplest SU(2,1)/U(1) example:
« Kanler potential: K = —3In(T+7T*—|¢|?/3)

» \Wess-Zumino superpotential; w - Lo* - 2¢°

2 3

» Assume modulus T = ¢/2 fixed by ‘string
dynamics’

oW |°

£

| v ﬁ
8 |2 — - =
w = e Tepme. Y

Modifications to globally supersymmetric case




No-Scale Supergravity Inflation

—

» Inflationary potential for A ~ 1./3

1.0

Vip?

08

06

04

02
- Similar to global case

oo™ '

JE, Nanopoulos & Olive, arXiv:1305.1247



: : 3 '
| Effective potential: V = JM?(1 —e™ V)2

o Starobinsky model:

1
S — 5/&]43}1; —Q(R—F_Rg/ﬁﬁvfg)

o After conformal transformation:

1 - 3 ,
= 5 [ eV (B4 @ - M1 - VT2

ke
A ‘E ) ‘
Y ..

ﬂwldlf}v‘

(’(! '?;ﬁ /1; : !
{ KRV 4 T

: 1 ‘flgj,‘f::'\"‘ ‘;“':x 1.‘ 7
3 S :

AN
HEh ¢

 |dentical with the no-scale Wess-Zumino model |
for the case \ = /3

&1 iuﬂiil;’s%

1t actually IS Staroblnsk

s e JE, Nanopoulos & Olive, arXiv:1305. 1247 |

2 -
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See also ...

Nakayama, Takahashi & Yanagida — arXiv:1305.5099
Kallosh & Linde — arXiv:1306:3214

Buchmuller, Domcke & Kamada — arXiv:1306.3471
Kallosh & Linde — arXiv:1306.5220

~arakos, Kehagias and Riotto — arXiv:1307.1137
Roest, Scalisi & Zavala — arXiv:1307.4343

Kiritsis — arXiv:1307.5873

~errara, Kallosh, Linde & Porrati — arXiv:1307.7696

W



| Nd—ScaIe Supergravity Ihflation I
Light of BICEP?2

| Possible to accommodate quadratic potential
| K = 3@+ T+ W = eF (Do)

p) P 0
IO N e Y Rt T T AR ki

' JE, Garc & Nanopoulos & Olive, arXiv:1403.7518 [ o o
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No-Scale Supergravity Inflation In

Light of BICEP2

* Re ¢ evolves, Im ¢ small

C )

e > \/‘\S j
X X X X

» Re T and Im T also well-behaved

|+ Sufficient inflation
- |* BICEP2-compatible




Supersymmetric Starobinsky
Inflation in Light of BICEP2

* Im ¢ has m2¢? potential _ .
when Re ¢ =0

* But Im ¢ does not
Inflate

- Inflation driven by Re ¢ |
- |+ Looks like Starobinsky
~|» BICEP2-incompatible

- ~ s T A
o o £ ;
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Supersymmetric Starobinsky

Inflation in Light of BICEP2

| K = —3h1(T+T’— 3 A5
 Unstable potential!

1 Can stabilize
6" _ (T +T%)" {q‘b@’}f)

.Kz—Sln(T+T— 3 RtA

.|

scale supergravity

fJ° Modify Kéhler potential? |

00 =SSOSR
od* (T +T*)"\ § e
_ | 0O < = =" -
= Vim ;

|+ Alternative realization of | -
quadratic inflation inno- |

JE Garc R, Nanopoulos & Ollve arX|v 1403 7518 M

B IFT T



Summary

Inflation may solve some of the biggest problems in
cosmology: age, size, homogeneity, flatness, ...

Structures originated from quantum effects in the
early Universe

Another scalar field (inflaton) in the sky?
Quantum gravitational radiation detected?
Tension between Planck and BICEP?2
Inflation also cries out for supersymmetry
Open season for building inflationary models
Inflaton = superpartner of neutrino?




Time for China to get involved In
CMB Experiments?




Crossing the Scalar Rubicon:
Once or Twice?




No-Scale Supergravity Inflation

» Good Inflation for A ~ /3| et {ra o
N ] E
i :q T T * E R
< not ' ' . N T = o 107k il 3 §
™ ' b s
'E! - % H\- ] 1}? %
= Lll}.{lﬁ- % | ”}_‘lPRlSM a.l 5.? ¥ 1{}‘:‘1
Qosf . 3 o 5 g',
uw | r PRISM + delensing : r) g
- - a L P 'Ei
5
=

| Q000] s B T Syt m_q.;mE»"'lL /"‘ :3‘1 « 10" a3
= s : =
i =1 f}/ . ¥
1 Looks like R model |// 001 o 1 e
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l-mNo—ScaIe Framework for Particlg_!

Physics & Dark I\/Iatter

» Incorporating
Starobinsky-like
Inflation,
leptogenesis, neutrino
masses, LHC
constraints,
supersymmetric dark
maltter,

Log (M, (GeV))

|+ Stringy origin...?
‘7 _
JE Nanopoulos & OI|ve arXiv: 1310 4770 :_ T

q ”’ _y"_) ovor 3 X ... b 2 i ;



Inflationary Models in Light of BICEP2

 Consistency condition for simple power-laws:
d—r1 111
T
+ They require = &(1-n,~ ) OK with BICEP2
¢ n:20K 10° E"(_:EE',E"""" e =

Boomerang Fr

| QUR % —v
QUAD —— Y
Planck+WP-highL 10' F QUET-Q  WMAP .
{]4 - } ) - L | e Ll — - L
Planck+WP-+highL+BICEP2 QUIET-W  CAPMAP ' A Ty T
- e N
o - T
03 | ﬁ 10 ¢ ey
o —— T ae
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Stabilization of Modulus Field

« With modified geometrical (Ka&nler) structure:
|p|? N (T+T*—1)*+ d(T—T*}*‘)

K
3 A2

—31n (T +T" —

| Effective inflaton potential ~ Starobinsky

;;' « Other field directions stabilized:

" VHII‘?U}E S e f
i oa
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Generalizations

« Common no-scale geometrical (Kaaler) structure
many superpotentials:

B . 9P e 8
K = —3111(T+T —T),W— M[Q wﬁ]

W = %{T—1,»'2)2(1+1DT+2\/§¢;W = %{T— 1/2)%(5 + 2T + 2V3¢)

| W = VEMO(T - 1/2) W =2/BMGT(T— /W = M V3(T? —1/4) + (T — 1/2)¢7]

B {T _ 1}/2)112{11.—3} B (T _ 1};2}712{11—2}'?5}
AW = [ T + 1) ] Al = [ T + )

| also yield Starobinsky-like inflationary models

3 . ""‘ ;»ﬂj & il e o e
- ' *’ ~ JE, Nanopoulos & Olive, arXiv:1307.3537
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Beyond Starobinsky

« Exponential  E.g., multiple no-scale moduli:
- approachtoconstant || x 5 —s, N, (T, +77): N, >0, &N, =3 s
potential:

 Characteristic of generic string
V = A(1-de P +0( ™)) | compactifications

* Relations between | . Tensor/scalar ratio may be <

observables: . prediction of o (2
ng = 1—2B%e 5% t i - ‘\.I' (E)
_ eptsrecBe | Starobinsky

v o_ L i model: AN, 2
- o B2 r= S
> 5 3 » String phenomenology via the B
b n. =1—— ,r = — B
':'-:.. , N, BE"\'E | CMB? JE, Nanopoulos & Olive, arXiv:1307.3537
. o A 3 Ty =N - Y B TR M o

o N : o e
e | e * i 4 . TR S 1

- . F <2 . o "l 4
¥ - - VO R Ly F W e iy e .
BN R ol lab o n g -~y - .



Completing the Holy Trinity

 Scale hierarchy possible only in theory that can be
calculated over many magnitudes of energy .

Renormalizable
* Theorem: (1) vectors (2) fermions (3) scalars
o Need to Specify- Cornwall, Levin & Tiktopoulos;

Bell; Llewellyn-Smith

(1) group (2) representations (3) symmetry break‘_mg :
(1) =SU(3) x SU(2) x U(1) [so far]

| (2) = Singlets + doublets + triplets
 Finally: SN
' (3) Ascalar mechanlsm of symmetry breaklng ONCEER

L n——



Measurements of CMB
Fluctuations with Planck Satellite y

RET Angular scale ks
- 90° 18  1° 0.2° 0.1° 0.07° juun

6000

5000 |

— 4000 |

(o]

X

3000 |
K

[}

2 10 50 500 1000 1500 2000 2500
Multipole moment, ¢




| Wess-Zumino Inflation in Light of Planck |

 Consistent with Planck for x; = 0.3, 0.4

Value of z; 0.1 0.2 <f 0.4
Derived quantity

H”%—i 15000 4200 1600 710

€ 0.0085 0.0067 0.0045 0.0020

1 0.0062 0.00074 -0.0073 -0.022

£ -0.000053 -0.000077 -0.000079 -0.000050
r 0.14 0.11 0.072 0.031

Tlg 0.961 0.961 0.958 0.945

v, —14x107%| —1.3 x10~° 1.4x107% | —1.1 x 107
A 4.3 x 107% 1.0 x 107 2. 107 4.1 x 10,

. Numbers calculated for N =30 e- folds
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Unofficial Combination of Higgs Data
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Inflationary Models in Light of BICEP2

« QUANTUM GRAVITY RADIATION!

« BICEP2 observations support for inflation
* “Large” tensor-to-scalar ratio: ‘r = O 20+8 82-;'
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| » Starobinsky R? dead, quadratic inflation OK?




It Walks and Quacks like a Higgs

Power law best fit (M =244.03337, e=—0.022%;;)

So far, it looks like a (bog) Standard Model Higgs Boson

JE & Tevong You, arXiv:1303.3879




Dixit Swedish Academy

Today we believe that “Beyond any reasonable
doubt, it is a Higgs boson.” [1]

| http://www.nobelprize.org/nobel_prizes/physics/laureates/2013/a
i dvanced-physicsprize2013.pdf |




Gravitino Inflation

» Inflation driven by condensate of gravitinos?

 Possible with suitable non-perturbative parameters
e Wt i = K [{].4878 o Ino? — 0.2549 0% — 0.0022 02 + 0.25?4}

. Potentlal can yleld good (ng, r):

KHV 20l r
: I - 7107 F

51070 o

: 1 o5t
b1 -
- \ for

P T [ T T TR S AN T T T S [T SO TS N SO S N
D001 0.0 0003 o

el

I’Wt 5 g ._- T —
’ sa‘.'é‘- b e r . y,.o s -’ " \(-'v;,.

e y ~ 4 g e il
T R e ol Bl o o VR RTINS - e > '3 . B T



Scalars Come of Age

* A new boson discovered at the LHC
— A scalar, beyond any reasonable doubt
— Consistent with the Higgs of the Standard Model

 Circumstantial evidence for scalar inflaton
— Q ~ 1, tilt In spectrum of scalar perturbations, ...
— No sign of non-Gaussianity, strings, defects, ...

 Data compatible with Starobinsky (R + R?) model
o Similar predictions in Higgs inflation: BUT M,,?




