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Abstract

® Discuss cosmological aspects of the Zz-invariant
next-to-minimal supersymmetric standard model

(NMSSM)

® Formation of domain walls in the context of
P I"i Mo I"d ial i nfl ati on Mazumdar, KS, Yamaguchi, Yokoyama, work in progress

5 TR P T SR IT S L b L BT R WO NG MR e P S, Mt AR CL N AP Ly (U e St W I e e R T L L o A i N i a AR Lo Tt oF FAWNES TNdT G ¢ & o W) TR AL e Ry R S Ty PR 3 G

e ol e it e R T A e G O 2 I ma s R b o 0 b S L S RSN TS A S e BN L N e N e (o s At e ‘ e T e Ny P B, R AT L e L R T P T T g S N s oy G N S S At S i Ve
_-_x.-'-\._:._ '5-’1'-&{2-'6-‘?'\’.“,-' 56 e b s Dl e Rt et by (_._;’Y' s PR KRN e s PR 4;7‘:- \::Apv KXY STy ""‘t"s. ““‘»’-?3" g M .'_4,‘&.. ::_f‘..{ AR ""ST r];‘ e " _—i. RO ’k"ﬁ“ !"rj?A$'~: *,._‘,‘ : .‘ .E’ ’#‘""‘-.. D ""U"is" Seibenl ¢ .:? -
N o TR A DS O O Y i e A e A T (TS Ao s b 1Ty S0k Pl AT et b BEA R e 2 2 L B G rb Rad  S e SRR K o ey el S TG N WA Py do A A e O T o W a Je TN G e Rt g G AT T el MR s g : e RN AP P L
O S A B S L L G e -'v“}"' s f" '?‘ LA s " LRt b ad L s o] j’ g =y R LA N M T I‘ BTN N ST IEINY _1,2..-'-,“"_:._.",“-- e B LS T f'_"- S e '._",°, tr{e) ‘,54‘ b fy 235 "r' T R L g PEIS ) e i,




. 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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Decoupling limit
® Ug > Uy, V4 is possible if A <« 1
1 Vg vy

cf. n= E)\vs > O(MSUSY) (50— 75, CHD = 75, (Hy) = E

® |n this limit, the potential can be approximated as

V ~ k2|S* + m2|S)? + [%A,_@S?’ T h.c.]
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Potential for S

Radial direction |S|

v (S) = vyei® V2]
5| ZUS/\/§N A/

1
V ~mg|S|]? + x2|S|* + g/@él,{&S3 + c.c.

Vphase

hsi=—sdare3
Phase dependent terms




Properties of domain walls

~ 12|S|* + m2|S]2+ |2 A, + hee.

S — _U3€Z¢S ’US Y /

e Width of the wall T




We expect that domain walls are
formed if the singlet scalar S takes
different phases from place to place.
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2. Conditions for
(non-)formation of




During inflation, S is effectively massless mg < Hiyg

H;, ¢ : Hubble parameter during inflation

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

K2|S‘4 = Hﬁlf g <S>rms Bt inf/\/E - <S>globa1




Supergravity effects

S acquires the effective mass of O

SI° 18*
I*9"1,
MZ, iz, On O Mz

inflaton field ¢ ~ O(1) : model-dependent parameter

LD V(I

2 = 2
mS,eff = —cH




Finite temperature effects

® Following conditions must be satisfied until S reaches
the global minimum (cH* > m?%)

e Correction term AV oc \*T7|S|°
in the effective potential should not
alter the tracking behavior:

)\2T2 << (:H2

v

8. Th erma
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Conditions to avoid the domain wall formation

|. Existence of the negative effective mass —cH?|S|?
during and after inflation

2. A% /m% > O(10) must be satisfied to prevent
the S field from rotating in the phase direction at
late times (This is automatically satisfied if v5 # 0)

3. Thermal effects must remain irrelevant




Mazumdar, KS,Yamaguchi, Yokoyama (2015)

(S) = 10%GeV

(S) =10GeV
No domain wall formation

(S) = 10*2GeV
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® Formation of domain walls is likely to occur

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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. Gravitational waves




Collapse of domain walls

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

AV ~ A4 A <o,

= Degenerate vacua are lifted

" Domain walls are annihilated
due to the pressure py ~ AV &




Annihilation occurs when

_

pT ~ UWall/R : tension

R :curvature radius of walls

Owall : surface mass density of walls




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

2 2
o T ) D N P 2 0
Amplitude | Qgwh”(to) X <1T6V3 i S T
3H?
t ecC . ]. 1/2 =
® Peak frequency | f,..(to) = aé(;o))H(tdec) ~ 10~%Hy (0 Od SeC> A=

® Decay before BBN: tqec S 0.01sec — f = 107 °Hz
cf. pulsar timing Qg h* ~ 8 ot S O O [ oy [ e 8 ) s



Cosmological constraints

® Gravitational waves

nghz < 0(10_8) from pulsar timing observations

Tl ot K/Ug' 0= Avs/V2 =~ O(100GeV)

2 2 2 2,642 260000
‘ ngh 9 Uwalltdec (X B Uy tdec X KA L tdeC
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Kadota, Kawasaki, KS, 1503.06998
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Ay = 150GeV
A, = —150GeV
tan 8 =5

1= 200GeV
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4. Conclusions

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

® Reheating temperature T is sufficiently low and/or
Higgs-singlet couplings (), k) are sufficiently small

L If domaln waIIs are formed
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