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Summary of the Results
Within the MSSM:

» Inflation is built. Inflaton -- combination of the
Higgs, slepton and squark states.

» Fields along flat D-term trajectory & inflation is
driven by the electron Yukawa superpotential.

» MSSM parameter tanf = 13 is fixed.

Model Gives: (good agreement with data)
ne = 0.9662, r=0.00118, 4 = _—-5098-107"

Nt = 5774, p'/t =2.61-107GeV,
T. =1.35-10"GeV.



Summary of the Results

» All parameters involved in the inflation &
reheating are known -=> model is very predictive.

-> Close connection established between the
particle physics model and inflationary cosmology.



Inflation: remedy for many BBC’s problems
e Horizon problem
e Flatness problem
e Monopole, domain wall pr.
e Cosm. density perturbations
Inflationary era — exponential expansion

a=ayExp[Ht], Evac =Vot # 0, H* =V pot /M PI2

Modeling inflation:
Potential V must have special properties

— 1 (V)Q < 1 |r| — —H Ve
T2 \V =y V2
Nmf

m = 25 [ —=d¢ =55-60

Flathess need to be guaranteed. By symmetries?

<1, |¢ = <1




Modeling inflation:

» Self consistent UV completion is important

» Symmetries may play crucial role:
shift symmetries?

SUSY can guarantee Flatness & consisteny

e.g. SUSY Inflation: (copeland et al, PRD 49, 6410 (1994)
SUSY hybrid inflation: (Dvali, Shafi, Schaefer PRL 73,1994)

(superpotential with R-symmetry)



SUSY setup =2
o Stab. Hierarchy (Light Higgs) € low SUSY scale

e MSSM - Dark Matter Candidate (LSP)

o Successful Coupling Unificaton Qood for GUT

SM
MSSM




In most cases inflaton is SM singlet ->
unknown mass scale(s), couplings...

Aim: See If MSSM can accommodate Inflation
(compatible with recent data)

» With only MSSM couplings involved In the
Inflation proccess

» Predictions?



The Setup: MSSM
MSSM States:
Oy ={(q,u,d l,e),  hy,hq}, a=1,23 (Chiral superfields)
MSSM Superpotential:
Wassm=eYgelhy + qYpdhy + qYpu©h, + phyhy.

Basis:
Yp = Y™ =Diag (M. \y. \s) . Yp = Y8 Vi = Vi Y8

V=Vp+Vp

N=1 SUGRA (local SUSY)

Vi = & (D;WKT DWW — 3|1 ?) DW= (-2 567 T a o ~yw



Choice of the Kahler pot. K:

canonical form K — > Ole=Vd,

Let’'s Make selection:

K=—In(1-Y,de V)

In small fields’ limit

Pkl K— >, dle vV,



Field Configuration: Along Flat D-terms

Dy = hal? = il = 265 +
—3ldal” + 3lag ) — 3ldal” .
Disyay =3 (Hliha — hirihy + il + 4170 )

D =00 — v, - V)

There are numerous Flat D-term configurations



Consider: eclquc -type flat direction

7C ~ ZS T
(E"{)::: <hd>( Hée ) _- <12>( 69 ) SU(2)g
1

«— SU(3). — 1
<§1> — 0 0 0 SU(2)L
0O 0 =z f

z-mainly inflaton d.o.f



Inflaton Potential

Only one non — vanishing Fr = N2 (cos =1)
F — term: |

5)

Canonical field ¢: =z = 3 tanh(-5

Sl

V(6) = V() ~ 2% tanh?(-%

— 16

)

&



0, p,w -physical d.o.f & should be stabilized/fixed.

Indeed, this can be achieved:

thz) =0 — Vud)\u% -+ V;dew)\ts@ = ()

Vtu.d
Vid

w=7r—|—Arg( ) tan o= ~3-107*

t

F,. = () satisfied by adding W* [extra superpotential
term(s)]

Two cases - (1) and (Ii):

(1) W, — —)\C]1Z2dc.
(Fi) = 22(=Agcg + Asg) = 0 —, tan § = 24



(11) W' = Xef(q1lou®)(qrhad®)

Fi) = 2%¢y )\d—l—)\zc Sp) = 0 — 5 ~ 2o
d

Azt

(i) —R-parity violation = Neutrino masses via loops

(i) - Has no impact for low energy phenomenology..

For 6 < 0.1 ¢y ~ 1 (considered below)



Checked Inflaton Potential’s stability

(a): Potential’s dependance on # and ¢. ?p = Vi /(85A2) and ¢ ~ 3. 1071,
(b): Potential as a function of ¢ and ¢. Vi = Vi /(8)A?) and 4 ~ 0.012.

Plots corresponds to the case (i) and w = 7+ Arg (%) Arrows correspond

to the mflaton’s path.

All other directions stabilized = consistent construction



Inflation (spectral properties)

2
e

V(p) = Vp(o) ~ 2= tanh’(%)  -- Good properties

ne = 0.9662, r=0.00118, dne — _508.10~

N = 57.74

Amplitude of curvature perturbation -

A2 = — 4581 x 107°

Determines V; < A\ (Mp;) = 2.435 x 107>

— tan § >~ 13.12  (MSSM parameter fixed)



Reheating
E=(Vins) - ~T*

SM Sector
-quarks, leptons, gauge
bosons

[nflaton Pot.

T, (reheating temp.)
Via Inflaton decay

SM states




Reheating: Inflaton Decay
Examining all couplings & kinematically allowed channels

Dominant 4GV
Mode: CF_ . A(%)
»— g9 A(3)

N\NNANT— %
T, (reheating temp.) Via Inflaton decay

| | mgﬂg o F é‘; :
[(¢)=T(¢ — g9)~ —— + =

4873 F Fg _I
— T, ~1.35-10"GeV

Lp( VT de. () =tanh—"—(1— tanh®-2_)1/2
2 (C) D% (Q) \/g( \/g)

From gluinos (in loop): F,(¢) :Sinh%



Summary & Outlook
Within the MSSM:

» Inflation is built. Inflaton -- combination of the
Higgs, slepton and squark states.

» Fields along flat D-term trajectory & inflation is
driven by the electron Yukawa superpotential.

» MSSM parameter tanf = 13 is fixed.

Model Gives: (good agreement with data)
ne = 0.9662, r=0.00118, 4 = _—-5098-107"

Nt = 5774, p'/t =2.61-107GeV,
T. =1.35-10"GeV.



Summary

» All parameters involved in the inflation &
reheating are known -=> model is very predictive.

-> Close connection established between the
particle physics model and inflationary cosmology.



Outlook, problems/issues to be addressed:

1. Investigate neutrino masses /oscillations (via R-
parity viol.)

2. Baryogenesis/Leptogenesis — during inflation B & L
are broken

3. GUT embedding [SU(5), SO(10)] — more predictive?

4. What symmetry may support considered Kahler
potential? (a’la Kallosh, et al. 2013, 2017 ?)

5. Investigate Other issues /topics [some discussed
at this conference]

THANK YOU



Backup Slides

Deriving Inflaton Potential
Inflation 1s due to the F-term potential:

Vi =~ (D VKT D W — 3| | 2) .

where D;W = (;) — {iﬁ W, D TW = ( o_ 4 9k )ﬁ

¢ L AMET A8

2K MJ c.J
K= 2Kk 1 KM = 57
17 Ob; a:b} IM I

Considered Kahler potential is:

K=—In(l1-3,dle"Vd;) .



We consider the following VEV configuration:

. . T
- 2C - <8
(é5) =", <hd>=( D) <zz>=( ;;9) SU@);
| 4

+— SU(3). — +
R 0 0 0
(1) ( 0 0 = ) f g

(3)



With cosf ~ 1 (fixed), the only non-zero F-term is:

Fr = —)\.2°
gIvINg:
r o Kye ! 2
Vi =K ¢ |F-|

The kinetic part, which includes (92)? is
K1 700100% — (OV,) (K (2))IV..

where with (2) and (3) we have:

ol B . . - I— 1
V> = (2, zcg, zsg, 2. 2Cp, 25,€7),
T 1 22
GC(:)} — 1_4:2 1ﬁxﬁ + (1—422)2 X
— Tl
( 1 Co Sg 1 Co Spe \
Cy cg CoSe Co CoCy,  CpSpe~ "
Sg CySp Sg Sg SeCyo  SgS€
— i
1 Co Sg 1 Co Spe™ "
C CoC SpC C 2 CS,€
'l.":). .-E .{-‘Qr LH .-{F}I 'l"::'. .-{10 I "P’ i."i}?
. Iy . iy . pAy . ot - - yArS
\awe CHSHE SgS,€"Y 5, CLS,E S )



Using (7) in (6) and introducing canonically normalized real scalar ¢ - the
inflaton - we obtain

N f A2 14
Kr00,00% — 459 = L(00)% (8)
— 2= %tz-‘mll(%} . (9)

With these, from (5), we derive the inflaton potential V to have the form:

V(o) = Vr(d) =~ % T-Eil-llll‘i(%}. (10)
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