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Motivation 10 GeV

Inflation

@ Inflation dilutes everything : daryonena:

1) How to create Standard Model baryons & B oy R

Cold dark matter

@ Mass and couplings of the Inflaton should be i oyt

Known : I

[

1) Quantum stability, UV corrections P ol MOeV |
A

2) Predictivity and reliability - |
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3) Testability n I
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@ Can we test the Inflaton in a laboratory ?



Existing models of inflation

@ Particle physics motivated examples:

V(e x) = Mo?(x*! xp)° + g°¢°x* + m*¢°
1" I (Absolute Gauge Singlets)
A, m, g = (Ad — hoc numbers j ust to match the CM B data)

|
| 2(Higgs) | 2(Hidden)?
SM degreesof freecdm Hidden degrees of freedom

Why the Inflaton predominantly decays into the
SM baryons ?



Challenge is to gef rid of the
bump?
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N
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@ In reality the potential is rather steep

Gauge Singlet

@ Radiative corrections spoil the shape



Existing models of inflation

@ String inspired models:
1) Inflation happens in the bulk of space-time
2) Inflation at the tip of the throat

1OW 70 dradnster ihe energy 1rom fine
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) UV _correcrions
=) bounaary conditions

L) Why The energy will be transterred onty
0 Theé observable secior <

A. Frey, A.M., R. Myers, 2005

Now imagine having a landscape of such shapes and throats

Q) Why cant we inflate the SM sector ?



SM Higgs

@ SM Higgs with a Standard GR :
1) Potential is too steep
2) Energy density in the Higgs is not sufficient to generate

observed density perfurbations

o What if there exists: !|RH?
1) Potential can be flattened and you can match the observations
2) Who selects the coupling ! | 10°°

Shaposhnikov 2006

How would we test such non-conformal
coupling ?



A gauged Inflaton

® Embed inflation within a SM gauge thory

Choice of Vacuum

Point of enhanced symmetry Color & charge breaking minimum
favored disfavored

Provided the order parameter
carries SM charges

Note: The Higgs cannot be the inflaton without modifying GR



SUSY

® SUSY address the hierarchy issue
@ SUSY has scalars, i.e. squarks, sleptons, etc.

® SUSY has flat directions
1) Gauge invariant combination of squarks and sleptons
2) F-and D- flat directions

wdd LLE& HyHg LH, O0dé QQQrL

All carry SM charges

NH,L SU(2)z x U(1)y x U(1)m £



SUSY provides flat directions

L Shift symmetry H, —\HO%L:%Z
LH,
H,,
SUSY is broken

LH .,

| %4 L
Shift symmetry

IS broken

Enqvist, Mazumdar Phys. Rept. (2004)

Dine, Kusenko, Rev. Mod. Phys. (2005) H Uu



Gauged Inflaton

Inflaton carries Standard Model Charges

Allahverdi, Enqvist, Jokinen, Garcia-Bellido, Mazumdar, PRL (2006)
Allaherdi, Kusenlo, MazumdarJCAP (2006)



Gauged Inflaton
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M, ~ I\/IGUT, I ¢ ~ 0.1 —-0.01, m~ m3/2 ~ 100 GeV, A2 — 40m3/2

Allahverdi, Enqvist Garcia-Bellido & Mazumdar, Phys. Rev. Lett. (2006)

Eternal

e A slow roll phase of inflation .
regime

driven by third derivative of the
potential, sufficiently large e-
foldings of inflation

Slow roll

regime

e No SUGRA efa problem

e UV / Trans-Planckin corrections
are negligible

e No Moduli problem : 1/2

: X 2
&/ Hing > Hinpj2m! 22y m¢f0
e Low Reheat temperature but % Mp

sufficient to excite thermal dark . i I(] i 10 £
matter & baryogenesis A (¢0) =) e ( 0) =0 ( O) =

Inflation around Point of Inflection



1) Sub-Planckian VeV: ! o =3! 10'* GeV
V =100 810°" Gl

Lo

B g Al

2) Low scale inflation:
Hznf = (1 - 10) GeV
my L ETReV . aHenge e e Vs
(SUGRA corrections are negligible)

3) Enough e-foldings:
g

N, | dixt | 10°
% m, Mp

4) Maximum temperature:
Tomae ~ V(1)Y% ~ 10° GeV

5) Rehea'l' 'I'empera'l'ure: Tr,ah ' 1" 10 T@V Allahverdi & Mazumdar

JCAP (2005), (2006)



CMB Predictions for the MSSM Inflaton

Chaotic Inflation

m2¢2 o|lO _
N-flation m2¢2 © |© ]
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Hybrid Inflation

Transition
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Allahverdi, Dutta, Mazumdar, Phy. Rev. D. (2007)
Allahverdi, Enqvist, Garcia-Bellido, Jokinen & Mazumdar, JCAP (2007)

@ Inflaton mass governs the spectral tilt & the amplitude of perturbations



Rrobing, the, Inflafen, @ LHC- in, conjunction, with, CMBy
observations.

Inflation

8 G v | Theory suggests:
-_380 e\\\\\\ | | 0 ~ 1015 Gev

"l 260 GeV

-~ CMB observations suggest:
200 GeV

5 7 9 11 13 15
log, ,(u)

¥LHC will constrain the masses for squarks, ﬂdd

Allahverdi, Enqvist, Jokinen, Garcia-Bellido, Mazumdar JCAP (2006)
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MSSM Inflation happens in a large class of initial conditions

_ Vfalse ‘|'VM SSM

H2
3VE

Vfalse > VMSSM

Ve

20000 40000 60000 80000 100000
t

@ Point of inflection is a dynamical attractor
during false vacuum inflation




MSSM Inflation happens in a large class of initial conditions

20000 40000 60000 80000 100000
t

@ Point of inflection is a dynamical attractor
during false vacuum inflation




MSSM Inflation happens in a large class of initial conditions

20000 40000 60000 80000 100000
t

@ Point of inflection is a dynamical attractor
during false vacuum inflation




Naturalness issue

\/MSSN\ vacuum

¥ The model address the
naturalness issue : Why we see
the observed amplitude and the
spectral tilt

)

Allahverdi, Frey, Mazumdar Phys. Rev. D (2007)




Conclusions : 3 unique examples

N H, L

Inflation is the only link which connects CMB
anisotropy, SM Baryons, and Dark Matter




@ Simplest extension of the SM
SU(B)C X SU(Z)L X U(l)y

@ Nearly 300 gauge invariant
combinations you can construct
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@ Their potentials are flat in a SUSY
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Dine, Randall, Thomas, Nucl. Phys. B. (1995)
Gherghetta, Martin, Kolda Phys. Rev. D (1996)



MSSM Inflation & Neutralino Dark Matter
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FIG. 4: The contours for di! erent values of ns and 0y are
shown in the mo! my,, plane for tan 8 = 40. We used A =1
for the contours. We show the dark matter allowed region
narrow blue corridor, (g-2), region (light blue) for a, " 11#
10' 8, b $ sv allowed region (brick) and LEPII bounds on
SUSY masses (red).
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FIG. 5: The contours for di! erent values of ns and dy are
shown in the mo! my /> plane for tan 8 = 10. We used A = 0.1
for the contours. We show the dark matter allowed region nar-
row blue corridor, g-2 region (light blue) for a, " 11# 10' 2,
Higgs mass " 114 GeV (pink region) and LEPII bounds on
SUSY masses (red). The black region is not allowed by radia-
tive electroweak symmetry breaking. We use m; = 172.7 GeV
for this graph.




Cold Dark Matter Synthesis

Heavy particles decouple from thermal bath

0 IIIIIII I IIFIIIII | |IIIIII

increasing {(o,|v]) -

¥CDM is in thermal
eqbm.

I
o

¥Universe cools

¥Neutralinos freeze
out

log[Y/Y(x=0)}]
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Mass of the Neutralino is around 100 GeV




DM testing Inflation & GUT
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FIG. 3: The contours for di! erent values of ng; and 6y are FIG. 6 Contours of I for " : 1.91 x 10"~ in the n, m
shown in themo! m, s, plane for tan 3 = 10. Weused A = 1 plane. The blue band on the left isdueto the stau-neutralino

for the contours. We show the dark matter allowed region coannihilation region for tan# = 10 and the blue band on the

narrow blue corridor, (g-2),. region (light blue) for a, " 11#  right (which continues beyond the plotting range) denotesthe
10' &, Higgsmass" 114 GeV (pink region) and LEPII bounds focus point region.

on SUSY masses (red). We also show the the dark matter

detection rate by vertical blue lines.

Allahverdi, Dutta, Mazumdar, Phy. Rev. D. (2007)

New Bench Mark Points: Inflation & Dark Matter




