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Introduction
Dark Matter in our universe

Rotation curves of the galaxy
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Different from the observation!! — There is non-luminous matter.

Shin, Seodong (KAIST) Singlet Fermio: ark Matter SUSY08, P5, 20th June 4/19



Introduction
Dark Matter in our universe

Rotation curves of the galaxy

Different from the observation!! — There is non-luminous matter.

Condition for the dark matters

o Stable (produced after the Big-Bang and still present today)
@ Neutral (no electric interaction and no binding to the nuclei)
@ Qcpyh® ~0.1 (0.085 < Qcpyh? <0.119) WMAP data
C.L. Bennett et al., Astrophys. J. Suppl. Ser. 148, 1 (2003)
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Several toy models of the singlet dark matters

Minimal extension of the Standard Model to get the candidates of DM
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Several toy models of the singlet dark matters

Several toy models of the singlet dark matters

Minimal extension of the Standard Model to get the candidates of DM

Singlet scalar DM

C.P. Burgees, M. Pospelov, T. Veldhuis (minimal scalar model)
Nucl. Phys. B 619, 709-728 (2001)

DM : SM singlet real scalar field with Z, parity

Interaction with the ordinary fields only through Higgs

- Different Higgs phenomenology from that in SM
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Several toy models of the singlet dark matters

Minimal extension of the Standard Model to get the candidates of DM

Singlet scalar DM

C.P. Burgees, M. Pospelov, T. Veldhuis (minimal scalar model)
Nucl. Phys. B 619, 709-728 (2001)

DM : SM singlet real scalar field with Z, parity

Interaction with the ordinary fields only through Higgs

- Different Higgs phenomenology from that in SM

| \

Fermionic DM
Y.G. Kim and K.Y. Lee (minimal fermionic model)
Physical Review D 75, 115012 (2007)
DM : SM singlet Dirac fermion field (U(1) to avoid the mixing)
Interaction with the ordinary fields only through Higgs

Non-renormalizable interactions of the singlet fermion and SM Higgs
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@ Model building
@ Implication in cosmology and collider physics
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Singlet Fermionic Dark Matter Model building

Model building

Our model : Minimal model with the renormalizable interactions

L =Lsy+ Lhia+ Lint

o Hidden sector : real singlet scalar, singlet Dirac fermion
Lhia=Ls+ Ly — gYYS
o L5=1(0,5)(0H9 - N -Lag_lugt
o Ly =y(id —my,)y
o Interaction of the hidden sector and SM sector
Lint =—-MH HS— 1, H'HS?
o Singlet fermion is sequestered from SM matters. (U(1) of )
o Singlet scalar couples to the SM sector only through the Higgs.

e Mixing between SM Higgs and the singlet scalar (two Higgs)
Say hy : SM higgs-like , hy : singlet-like
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Singlet Fermionic Dark Matter Model building

Model building

Our model : Minimal model with the renormalizable interactions

@ The interaction of the hidden fermion and the SM sector are
suppressed by the mass of & and h, & mixing angle.

Singlet fermion is naturally a WIMP — DM
o Different Higgs phenomenology : less production, invisible decay
@ 8 undetermined parameters : 1y, gg,/io,&l,/lz,)tg, A4, Xy

= determine Higgs boson masses (my, , my,), mixing angle (6),
triple and quartic self couplings of Higgs bosons

5K
matters h1 |'t2
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Implication in cosmology and collider physics

9Ny .
Thermal relic density Q, /* ~ v M§,1[ (%73/1)2 ) - — constrained by WMAP

w1y — SM particles via Higgs mediated s-channel processes
w1y — Higgs bosons via s, t, u-channels
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Implication in cosmology and collider physics

9 4 .
Thermal relic density Q, /* ~ v Mg}/ (%76?/1)2 ) - — constrained by WMAP

w1y — SM particles via Higgs mediated s-channel processes
w1y — Higgs bosons via s, t, u-channels
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Direct detection
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Singlet Fermionic Dark Matter

Direct detection
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@ Minimal model with the renormalizable interactions

o A minimal hidden sector with a real scalar and a Dirac fermion

= Singlet fermion can be CDM.
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Conclusions

@ Minimal model with the renormalizable interactions

o A minimal hidden sector with a real scalar and a Dirac fermion
= Singlet fermion can be CDM.

@ Higgs phenomenology : less production, invisible decay

@ Our DM explains the observed relic abundance.

o Itis possible for our DM to be consistent with the experiments by LEP2
and avoid the currnet experimental bounds so it can be investigated in
near future.
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Conclusions

Conclusions

@ Minimal model with the renormalizable interactions

A minimal hidden sector with a real scalar and a Dirac fermion

= Singlet fermion can be CDM.

Higgs phenomenology : less production, invisible decay

Our DM explains the observed relic abundance.

It is possible for our DM to be consistent with the experiments by LEP2
and avoid the currnet experimental bounds so it can be investigated in
near future.

Thank you!!
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Conclusions
Back-up

Definitions and Relations of the parameters

SM Higgs potential term —(—pZH‘LH+ )_LO (H'H)?)
<S>=xy <Hy>=1y/V2 S=x0+s Hy=(vo+h)/vV2
@ Extremum condition

= M2
2 = Aoy + (A1 + A2X0) X0 5 mgz—%xo—ﬂx(z)_#oo_ﬂzl’(z)

o Mass matrix (V:potential of SM Higgs ar61d the singlet fields)
'u%l = 32_‘2/ h=s=0 - 2/_101}(2)
pe = %’h:s:o =G50+ 35 - 121_;;3
His = g:zgs eesg = M+ 222X0) v
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Conclusions

Parameter choice

o Fix Higgs masses my, and my, within some ranges.

o Allow 6, triple and quartic Higgs self-couplings vary freely.

@ Our parameter sets should satisfy several physical conditions
e Potential is bounded below.
o EW symmetry breaking is viable.
o All couplings keep the perturbativity.

1
- 01
B my, =120 GeV (£1%)
e my, =500 GeV (£12%)
ng.OD‘I :
= 10! - We have very large invisible

1075 i branching ratios when my, < my, /2
40 45 50 55 60 65 70
my (GeV)
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Back-up

Mixing parameters

@ Mass eigenstate
hy =sinf s+cosO h ; hy =cosf s—sinf h

@ Mixing angle

2 2
tanf = —~—, wherey= —2”’”2
1+4/1+)2 My —Hs

@ Mass eigenvalues

2}
2 #h+#s #h #s
my,=—5—= V1+y?

cosf > % if the deﬁnition of tan@ is fixed.

Elastic cross section

o Cross section

0(1/119*1/119) % [035g3s1n0c0s9 (L 1 )]2
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EW Precision Observation : The promising channel to produce a neutral
Higgs boson at LEP is the Higgs-strahlung process e”e" — Zh

T T T

E LEP
- (a) Vs =191-210 GeV

—_

2 FSM
8hizz hy

8iizz ) Tpr'+T(hi— gry)

&=

—— Observed
== Expected for backgrour

Assuming the non-standard models, the
lower bound on the Higgs mass is
represented by the upper bound of ¢ 12.,
which is shown =

We impose é? < 0.1 as a conservative :
bound for my,, = 90 GeV and ¢ < 0.3 for = S T T e
my, = 100 GeV 10 20 40 60 80 100 120

m, (GeV/c?)

95% CL limit on &

Shin, Seodong (KAIST) inglet Fer : SUSY08, P5, 20th June 19/19



	Introduction
	Several toy models of the singlet dark matters
	Singlet Fermionic Dark Matter
	Model building
	Implication in cosmology and collider physics
	Direct detection

	Conclusions

