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Abstract

® Discuss cosmological aspects of the next-to-
minimal supersymmetric standard model (NMSSM):

NMSSM =

Minimal Supersymmetric Standard Model (MSSM)
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NMSSM as a solution to the 1 -problem

Renormalizable superpotential of the MSSM
Wassm = pHyHa + A HaL;ES + X, HqQ; DS — A\\. H,Q; U

% 1, 7,k =1, 2, 3:family indices

® /i-problem: Why u ~ Mgysy rather than y ~ Mgyt or Mp !

® |ntroduce a gauge singlet S and replace the p-term
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® Need to forbid any dimensionful parameters like

pwH Hg, p'?S, and p"S?

® |mpose a Z3 symmetry
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Potential for S
V

1
V ~ m2|S|* + x*|S|* + §/£A,€Sg + c.c.

Vphase
A,.i, mg ~~ O(MSUSY) : soft SUSY breaking parameters

‘(S} = v e'®s [\/2
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Phase dependent terms
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During inflation, S is effectively massless mg < Hiyg

m» S is easily displaced from the global minimum
due to the quantum fluctuations 6S ~ O(H;yr)

K2|S|4 = Hﬁlf ) <S>rms ot inf/\/g =>> <S>global




Supergravity effects

S acquires the effective mass of O(H)

ISP 5 peagup 1514
az L0l V(I)

:inflaton field ¢ ~ O(1) : model-dependent parameter
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Conditions to avoid the domain wall formation

® |nflaton oscillation lasts for a sufficiently long time

T>Tr at H?~m?

T'r :reheating temperature

® [hermal fluctuations remain irrelevant
05tn/(S) ~T/{S) < O(1)

Mazumdar, KS,Yamaguchi (2015)

No domain wall formation
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® Formation of domain walls is inevitable

if I'r and/or couplings (), k) are sufficiently large.

® What occurs if they are formed !

If they are absolutely stable, they come to
overclose the universe.
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Collapse of domain walls

Approximate discrete symmetry (bias) Vi hase
Vilenkin, PRD23, 852 (1981)

N N

= Degenerate vacua are lifted

> Domain walls are annihilated
due to the pressure py ~ AV
which determines
the decay time tge. x 1/AV | Ps
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Gravitational waves from domain walls

Hiramatsu, Kawasaki, KS, JCAP02(2014)03 |

e Simulation of scalar fields in 3D lattice with 5123 and 10243

107 107
physical wavenumber k/a

: 9 ey >/ t4ee \°| Owan:surface mass density
. AmPIItUde el el s bl ( ) (0.0lsec> of domain walls

dec

/
® Peak frequency | f,..(to) = aétdec)H(thC) ~ 10~ °Hz (0.0lse(;)l 2

® Decay before BBN: tqec S 0.01sec — f = 107 °Hz

NS %) —8 -9 —8
cf. pulsar timing Qgwh” ~ 107" at f~ 107" —107"Hz Ik



Kadota, Kawasaki, KS, 1503.06998
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Conclusions

® Domain wall formation in the NMSSM can be avoided if
® There exists a negative Hubble mass for the singlet scalar
® Reheating temperature is sufficiently low

® |f domain walls are formed, they can produce gravitational waves
(typically probed by pulsar timing observations)
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