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Introduction

Slow-roll Inflation

@ The universe dominated by a scalar field (“inflaton”), ¢:
¢»+3Hop+V/(¢) =0.

@ Exponential expanding: R(t) o e

n=M2V" V| << 1)

0 c=1IMZ(V//V) <1 d=—¥ (Or,

@ "Reheating": After inflation, the inflaton oscillates around
the global minimum and produces the entropy density.



MSSM Inflation

(Lifted) Flat Directions in Supersymmetric Theories

The superpotential:

W = Wrenorm + Zn>3 ﬁq}n.

= Flat directions in MSSM are lifted by soft SUSY-breaking
terms and by non-renormalizable terms. [cherghetta, olda, Martin]

= The scalar potential:

2
V = %méqy + Acos(nf + HA)n)l\\/Tg " + Mg&n—3) $2(n=1)



MSSM Inflation

M SS M |nf|at|0n [Allahverdi, Enqvist, Mazumdar]

Only n=6 (LLe, udd) flat directions can be inflaton candidates.
Parametrized by, e.g.,

Li=750 o) L=70 07 e= 50
The scalar potential is:

12 /2 A/\ 6 A8 10
V = dm2g? — Db + o

Tuning A% = 40m$, at the saddle point,

$o = (\r;qi\/l\e) /4; V(po) = 15 ¢,¢0,



MSSM Inflation

With m,, ~ 1TeV, \g ~ 1,

me

¢o ~ 101GeV; H; o (1-10)GeV;

ng ~1-—

~092; ”‘f;ﬁ"P NZoge ~ 1075,

NCOBE



LR Symmetric Model

The Minimal Left-Right (LR) Symmetric Model et

@ U(1)g_L x SU(2)r — U(1)y by SU(2)R triplet Higgs.

@ Heavy right-handed neutrino is naturally included.
(:> my ~ m%/MR)

@ Parity is broken spontaneously.

@ Subgroup of SO(10).



LR Symmetric Model

The chiral superfields (SU(3) x U(1)g_L x SU(2). x SU(2)R):

Q=(3,1/3,2,1), =(3*,-1/3,1,2), L=(1,-1,2,1)
Le = (1,1,1,2), :( ,0,2,2%), ¥ =(1,2,3,1)

¥=(1,-2,3,1), x.=(1,-2,1,3), X.=(1,2,1,3)

The renormalizable superpotential: (i, j: family index)
Wien - o . . I — —
My (ZX+ %)+ YgHQi Qcj+ Y HLiLej+ 5 Y (Lei ZeLej +LiZLy).



LR Symmetric Model

The chiral superfields (SU(3) x U(1)g_L x SU(2). x SU(2)R):

Q=(3,1/3,2,1), =(3*,-1/3,1,2), L=(1,-1,2,1)
Le = (1,1,1,2), :( ,0,2,2%), ¥ =(1,2,3,1)

¥=(1,-2,3,1), x.=(1,-2,1,3), X.=(1,2,1,3)

The renormalizable superpotential: (i, j: family index)

Wren = _ , " - _ _
My (ZX+ %)+ YgHQi Qcj+ Y HLiLej+ 5 Y (Lei ZeLej +LiZLy).
The symmetry is broken by nonrenormalizable terms:

War 3 2%-(ZcXe)?.

The LR symmetry breaking scale:

108%GeV < Mp(=/™5%e) < 10'6GeV.



"MLRSM" Inflation

The Set-up

@ QcQcQcL. flat direction: Lift by n=4 QcQcQcLc.
Parametrizing the fields such as
Qci = ei9¢(¢ 0)", Qcj = ei9¢(0 )7, Qck =
ei9¢.(o ¢)T7 7LCj = Cjeiej (w O)Ta Lek =
cke'%(y 0)7, ... ( # ki ¢ +¢f = Ligj,cx €R), flat
directions:
@ Yp=¢;, T=0=0; cos(2 729"):17?12%'
("LR-symmetric" flat direction)

o =0 0'_\/_%124'4 64mz e +oh o= %Z‘F%\/i'
("MSSM-like" flat direction)
O Wi = 237 (ZcTe)? + gy O3Lej + gtk 3Ly




"MLRSM" Inflation

The Dynamics

(i) "LR-symmetric" direction (¢ = o = 0)
@ Constraints:
@ Nucleon (non-)decay = )4 < 1078,
@ LR Symmetry breaking = my ~ Mggg.

@V =V, +V4+ Vc, where

2
V, = (mz — JE) (02 +72%) + sm?(o? + 52)
—u?(07 +h.c.) — )Xl’wAP“ (07)?,
A4A 2]
Vi = 3m2o? — e’ + koS

myM
= do=1/"%

= Consistent with observation.



"MLRSM" Inflation

(i) "MSSM-like" direction (& # 0,0 # 0)

A4 —x 3
g 7 ¢

_, A2t
(=)
. ~ 2 2 _ )\ZA¢4 >\4¢8
® p<Mg:V ¢ (m e e
; M
=V — VMSSM! with )\ZNTE — A\
= Smaller ¢yg.
® ¢ > Mg
o ¢2 ) o 2 2 )\ZA¢5 )\4¢14
0 7 sV = of (m? - R+ i)
=- Very complicated fine-tuning needed.

We "integrate out" the L¢ first: Lg ~ —

0T« iV 2 m2g? — AM2g + X P
2

b

= No flat potential.

— Works only for ¢g < MRg.



"MLRSM" Inflation

(ii") Assumption JA symmetry suppressing the QcQc¢QcLc.

= War = a3 (ZeXe)? + 6M4¢Gzc

/8msM AXM NM2
°¢<< mip:vquZ(mZ_ M3R¢4_|_ MER¢8)

=V — Vpmssm, With )\m — A

0 > /BmMe .y ~ g2 (mz §¢5+,\%¢10)
Mg P
M4m 1/4
= ¢O = ()\7T\/|R>

= Slightly larger ¢g (compared to that in MSSM inflation), but
works.




Post-inflation

Preheating

@ Basic piCture [Kofman, Linde, Starobinsky]
2
Assuming V = 2242 + 192422, EOM for quantum
fluctuations of the scalar field y:
. . 2 .
YK + 3Hxk + (a'z‘—(t) + g2d(1)? S|n2(m¢t)) vk = 0.
(a: scale factor, ®: amplitude of oscillations)
= Parametric resonance can happen!
= Particle production: n = = ('Xkl + k] ) 1.



Post-inflation

Preheating

@ Basic piCture [Kofman, Linde, Starobinsky]

2
Assuming V = 2242 + 192422, EOM for quantum

fluctuations of the scalar field y:
2

YK + 3Hxk + (a'z‘—(t) + g2d(1)? sinz(m¢t)) xk = 0.
(a: scale factor, ®: amplitude of oscillations)
= Parametric resonance can happen!
= Particle production: ny = % (% + ,Xk|2) — 1
@ Post-MSSM inflation [Allahverdi, Enqvist, Garcia-Bellido, Jokinen, Mazumdar]
The gauge bosons and gauginos are produced when the
inflaton passes through the origin.
= Get "fatten"s when the inflaton oscillates.
= Decays to the matter fields.



Post-inflation

Particle Production

@ Post-"MLRSM" inflation - "LR symmetric" direction.
SU(2)r x U(1)g_L Symmetry breaking

M2
= Jdo (~ )\UM—E) [Aulakh et. al]

= All ¢ (~ TeV), L¢ (~ 10GeV), 6y (~ TeV) start to

oscillate. y
= §p slowly changing, L. rapidly fixed at the minimum.




Summary

Summary Prospects

@ Both n =4 and n = 7 operator in the Q:Q.Q¢L. direction
can provide us the slow-roll inflation, either by tuning the
nonrenormalizable coupling or the initial conditions.

@ "LR-symmetric" direction: OK, with suppressed

nonrenormalizable couplings.
@ "MSSM-like" direction: ¢g should lie below Mg.



Summary Prospects

@ Both n =4 and n = 7 operator in the Q:Q.Q¢L. direction
can provide us the slow-roll inflation, either by tuning the
nonrenormalizable coupling or the initial conditions.

@ "LR-symmetric" direction: OK, with suppressed
nonrenormalizable couplings.
@ "MSSM-like" direction: ¢g should lie below Mg.

@ The post-inflation cosmology is very different along each
branch:
@ "LR-symmetric" direction: Neutral SU(2)g triplet Higgs
(m ~ O(TeV)) is produced.
@ "MSSM-like" direction: All vacuum energy is transferred to
the radiation.

Summary



Summary

@ Combining the information from cosmological observation
with the collider signal, the model can be strongly
constrained.

@ Implications on Baryogenesis will be explored.
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