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The real singlet scalar dark matter model -
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Dark matter relic density

Boltzmann Equation:

dY x s(z) ‘ ‘
=TT (ov)(Y? = Y50) , (11)

where Y = n/s(z) denotes the dark matter number den-
sity. The entropy density s(2) and the Hubble parameter
H evaluated at x = 1 are given by

212g,. m?
s(x) = 15 3 (12)
4m3g, m?
H = : 13
45 ﬂf’[PL ’ ( )

where Mpr ~ 1.22 x 10" GeV is the Planck energy. g.

Qph? = 2.74 x 10°

GeV

(0V>=-£—6Z?1‘f‘ U@)VﬁKd-lcﬁ“

”EQ = i —Kz()C)

a(s) ‘2 y/1 _4m

Ys 0.1088 < Qph* < 0.1158



Constraints from the DM relic density 4

W.L. Guo, Y.L. Wu, JHEP10(2010)083
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The dark matter direct detection 5

. . S g S S
For scalar interaction: 2 -7
mrf ‘\rx
WIMP-nucleus cross section . o
_ AW . ' :
ON = T(Zf;o+ (A— Z)J(n) ) 7 m
8 8 q q

Z JcPaHOT:z% 27 Ti’;,ﬂ Z quiﬂa M(N)=m;M /(m, + M)

g=u,d.s q g=c,bi M(n):mDMn/(mD+Mn)

£ = 0.020 £ 0.004, £%) = 0.026 £ 0.005, £ = 0.118 + 0.062, (on) _ 1 _ Z o)
£ = 0.014 £ 0.003, £ =0.036 £ 0.008, £ = 0.118 & 0.062 s

WIMP-nucleon cross section
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Constraints from the DM direct search
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Constraints from the DM indirect search 7

______________________________________________________________________________________

El E2 :

d°p, d°p, = -2 1 d’p d°p 2 =
eTe T 3 L M| 22)* 8 (p. +p, + D, +D,)!
(o)~ 90:] oy 2y "® " 4EE, (@n)'oE, @nyoe, M| PV (PP R )
Py d P, 51 _% b
(2z)° (2x)’ oV
10'23 ] 1 ) LA RN L LIgL LAy U
arXiv:0909.279
a—— MIN .
10-24 ———————————————————————————————
. MED
o100 E T ET_T_'_'_'_'_'.'.'_'_':.'.'@_%K____
HE 10-25 " e g E
§ o7 0.4 GeV 1
m, =180 GeV f
107
mh=120 GeV
20 40 60 80 100 120 140 160 180 200 10‘29 -2.0- l l4ID- - -'Slﬁll l lB'D- l l1ll)Dl - -1;0l l l1:lD- - l1{I3Ell - -1;30. l l200
m, (GeV) m_ (GeV)

Both direct and indirect are very small for resonance region!



Implications on the Higgs search g

The Higgs visible decay branching ratio:

Fh—)SM

BRyisible =

rh—)ZS T Fh—)SM
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Gauge singlet DM in the Left-Right model

W.L. Guo, L.M. Wang, Y.L. Wu, Y.F. Zhou and C. Zhuang, PRD 79, 055015 (2009)

Left-right symmetry model:

SU(2), xSU(2) xUD) 5 = (gb(l’ gb;f] A (5;:,13/ \2 o1 ]

right-handed gauge bosons, - 0l 0 .
right-handed neutrinos and ¢ ¢, éue _OL,R/ V2

P and CP properties:

*

: S )
If we introduce a gauge singlet S = S“:/FEISD with S %)S* and S %)Z
P | CP P |CP P | CP
¢ | | o S+S8* + | + S-S + | -
Inique way
¥ x| x SS* + | + Tr(¢"¢) + | +

A | Arw) Mgy || Tr@™é+o'¢) | + | + || Tr@'¢—-d'¢) | - | -

S | S | St || TrAfAL + ALAR)| + | + || Tr(AlAL —AlAR)| - | +




SSB and Mass spectrum in 1IHBDM

After the SSB:
K12 VLR

(¢] 2) = % and (5LR> = \/z K=\/|K‘1|2+|K2|2 =246 GeV

Mass spectrum :

5 ) . 2
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/
. /) /) /)
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Dark matter mass and interactions

For WIMP: 10 GeV <m, <1 TeV
v, ~10 TeV = An approximate global symmetry:
S—Y 56 = light DM mass

= SXS~
Higgs potential related to the 3 Inglet:

’. % %5 2 * mb #32
Vs = —1ASS* + Ap(SS*)? + Z LipSS*0; = —2(S = 8"
i=1

0, = Tr(¢p'p), 01 = Tr(¢'d + ¢T¢) and O3 = Tr(A] AL + AL AR).

Interaction | Vertex ||Interaction| Vertex [|{Interaction| WVertex ||Interaction| Vertex

SpSpSeSe|—i24p || SpSph° | —idipk || SpSpSs | —i2Apve || SpSpHY |—ids pvr

SDS DHH* _Il/ll,D S(;-So-ho —I‘/lLDK HI‘FSU- —Z'/II,DVG- SO-SG-HS —I‘/l;;,DVR

SpS ph’ H) |-i220,p|| SpS pHY |-i2.pk|| '°H)S 5 |=i20,pVe || SeSoSe |—i6Apve

S pS pAA* | —idsp S(;SUH? —i2A pk|| AA*Ss | —id3pve hOhOHg —IQ|VR
HH* ={HyHy, HiH|, A1 A\, HT H™ }; AA* = {8760, 616,.6, 76, .65 05, HaHy }




Dark matter annihilation in 1IHBDM ,,
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Same as thé simplest DM model before Higgs channel is open!
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Parameter space for 200 GeV -500 GeV

13

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479
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LR symmetric two Higgs bidoublet model (2HBDM) 14

+ + h+v ’ hin+ihs ’
¢:(¢?¢1 Lo ﬂqﬁ,: a9 v X1
¢y ¢

X2 X3) ey~ w ~ 0 0 ¢ X
Light Higgs mixing:
(hl ( C,.C. S .C. S, ) (n Casel: 660, 6;':600’ 6,=150°
hy| = |-css.—s.c, —s.ss.+cce sc | |H =) Case ll: §=30", eyzoo, 6,0
13 \—c.c 8.+ s —ses. —csocc ) A Case lll: =0, @ =0°, =75

Yukawa interactions:

—Ly =0 (Yo' + V¢ + Yy + V') Or + hc. Complex symmetric!

ny + VEw " — hy + ih;— hy —ihy; —
—Liy= uw Yo u, +d Y’ d; o YUl + d"Y""d"+hc
LH NG ( L R T YL R) \2 L R \2
) Yffq V2 2m,/vew and qu \/imq/uEW R=1

Y:, =RY, and Y =RY)  Diagonall R=5



Dark matter annihilation in 2HBLR 15

Sp f Sp j11"'1.271 5'}::\ , h,H, A/h*, h=
\\ \\ \}‘_E \‘r .f})
i - - - - Seoe »---+ New processes
/' hoH A v hHA 7 / hHA 77
i/ / pa ¢
/ / 7 / 7
Sp’ f Sp Cw,, 7, Sp ¢ 7, (W, Wi
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\'\\ /// \\ ;KBmEIV T.S'
o = -—-—— | 9D
RS Vv B 5> New products
Sp 7 ’ N, Alh- S’ “hH Ah- Sp~ o T~ hHA
W||\/|P_quark coupling: my, ma, M= = 180 GeV and m;, = 120 GeV
domg (fr i
’ q l 3 5 -
a; = + + faasVelocity
2mp \m:  m3,
dependent!

f] = CXCZ - RCny - RCXS_)'SZ . f2 = RSxSy - RCnySZ .
f3 = RC)(C\ + CZLS‘X - RSXS_"SZ 0 f;]_ = _RS.XSZC_)‘ - RCXS}* )

fs = Rsyc. + 5., Jfo = Reye- .



Numerical results for coupling

16

;LI,D

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479
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Numerical results for direct search 4~

SI 2
o™ (cm?)

W.1%_50Gu0, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479
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Numerical results for indirect search 13

W.L. Guo, Y.L. Wu, Y.F. Zhou,arXiv:1008.4479
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Numerical results for 200 < mo < 500 with R=1 19
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Numerical results for 200 < mo < 500 with R=5 5
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DM captured and annihilation in the Sun 21

. neutrino-
g telescope
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tt
r 7 —v+Vv+other particles
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Higgs+other particles

DM elastic scattering =) DM captured Instantaneous
In the Sun when Vom < Vesc thermalization



DM capture and annihilation rates »-

The evolution of DM number In the Sun:
N = O@ - OAN2

Co ~ 1.25 x 10°1s7! ( PO ) (2701{_11]/5) (IGMI ) [5 (@) +0_0735 (mD)

0.3GeV /em? T mp ) [10~#cm?™ \my 10-4em? ™ \ ' my,

S(z) = Lf(j—g;;-,rﬁ OIS 2(3;3:)2 (@;ﬂ))z

1GeV e . ) ) )
Ca = Vet = 6.74 10"‘“cm"“( : ) DM distribution in the Sun

mp

The DM annihilation rate in the Sun:

1 1 —

>>1




The flux of neutrinos at the Earth 53

-5[!\ f ﬂ',*:J\ J”TI-Zl Sp h° c"D\ , I Sp _R°
5 . - / ~—. -7
\\ \\ S . v \\ .-
! N SS 5 / |
e -5 - R  Sp
/ 0 ¢ 0 7 P ;s RO \ |
! h s h 7 # \\, / \
/ K ZZ - \\ ; \ - = - - _
. L/ L - -
Sp’ foSp’ WiZ  Sp B Sp Voo S !

o Differential spectrum
- o Neutrino interactions
e Neutrino oscillations

T. Schwetz, et. al, 0808.2016V3

WIMPSIM |

M. Blennow, et. al., 0709.3898

|Am2,| [L0—3eV?]
Siﬂ2 91;3
Siﬂ2 9;33

Siﬂ:a 313 - O

parameter best fit
Am3, [10~°eV?] 7.591015

2.40+012
0.318F5 5%
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Neutrino induced upward muon flux in Super-K 24

Neutrino induced upward muon flux:
. /‘ﬂ"-'«D IE /m"D JE dq’yﬂ /‘DG dX /‘E,,.-’u dE X E Euv dﬂﬁu(EEHn?E:L) dﬂf’;n (Eyﬂ-}E.:t)
[T Je,, Ly J&, Ly, pr“ Jo : Je, 4 ;;,g( » s _u,) dEL Tp+ dE::L T'n

N
Etr = 1.6 GeV T Wu = V)

Approximation: T.K. Gaisser and T. Stanev, PRD 30,985 (1984)

g is the probability that a muon of initial energy E*_\mu has energy E_\mu
after propagating a distance X in rock.

5(X — X ®, = / " ag, 4 / " g,
g(Xa E.UJ EL) — ( _r U) ) " Eipr a+t "SE” Ey o dEV#
a}_;i; j_E,U/ 3 - /Ev# dE.f [d(fﬁ (EVEN ,:J) d(f:} (EV;H E,:J)
) ,, +af| X E, — rp+ ——— n
.-dXU = In Eﬁ I (;]5/ 3 ; E, / dEp, dE,u
H )

+ (v = )
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Super-K results 25

W.L. Guo and Y.L. Wu, in preparation;

__Preliminary;

Super-K flux limit 3
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IceCube 26

Neutrino induced upward muon numbers per year :

mp N mp AP E.,P da? Eu,,-» E!L do™ Eu,, : Ev;,
N, = / dE, At (E,){R(cos 8,)) A [ dE, —* / dE, l AR (B By)
: =

?‘p-i-

T 1
Ethr‘ O + ﬁE.u . Ep j dEL’_u . ‘, dEL‘, d’E:: !
Einr = 50 GeV. +(vy = 1)
1.8 M C[G T |I d T, T
VL. bonzalez-t>arcla, : R(cosf,) = 0.70 — 0.48 cosf, for 6, > 85°
61F. Halzen, M. Maltoni, z
14 ERD,?l 093010 (2005) i
el Jun
£ |
~ b E
< [ /
08 - .
0.6 — E 23.4
o4 .77 : *:
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Atmosphere Background 27

Atmosphere Background:

dd,
—~%(cosb,)R(cos,)

r IV#

TABLE XXII.  », flux (m~2sef 1 sr~1 QeV1) above 10 GeV.

A

cosf,
£, (GeV) 1.-9 9-8 8-7 J-6 .6-5 S-4 4-3 JA-2 2-1 .1-0 Norm
1000 = 10! 2557 2.625 2703 2799 2911 3.052 3232 3.482 3.824 4172 107!
1.259 % 10! 1.295 1.331 1.370 1.419 1.479 1.354 l.646 1.778 1.964 2166 107!
1.585 = 10! 0.654 0.673 0.694 0.720 0.751 0.789 0.840 0.906 1.009 1.121 107!
1.995 % 10! 3.297 3.397 3.505 3.653 3811 4.001 4.269 4612 5.154 5.807 1072
2512 X 10! 1.659 1.710 1.770 1.848 1.930 2033 2167 2.349 2.627 2997 1072
3.162 X 10! 0.831 0.858 0.891 0.931 0.974 1.033 1.100 1.197 1.340 1.542 1072
3.981 x 10! 4144 4291 4.463 4.663 4.898 5.205 5.572 6.001 6.852 7.935 10—
5.012 x 10! 2055 2,136 2225 2329 2457 2612 2819 3.085 3.482 4.051 0=
6.310 > 10! 1.014 1.056 1.104 1.161 1.228 1.308 1.420 1.556 1.762 2059 10—
7.943 X 10! 0.499 0519 0.545 0.576 0.609 0.653 0.710 0.783 0.897 1.054 10—
1000 % 102 243 2,551 2679 2838 3.012 3.248 3541 3.930 4.524 5345 10—+
1.259 % 10? 1.194 1.253 1.315 1.394 1.487 1.606 1.761 1.967 2259 2676 107
1.585 x 10? 0.583 0611 0.643 0.684 0.732 0.790 0.869 0.979 1.129 1.338 (Vi
1.995 * 10 2837 2,969 3.134 3.340 3.568 3.876 4.270 4.843 3.619 6.676 107°
2.512 X 107 1.371 1.439 1.521 1.621 1.732 1.897 2.092 2.384 2.785 3322 107°
3162 X 102 0.658 0.695 0.737 0.786 0.844 0.923 1.022 1.168 1.378 1.646 107°
3.981 % 102 3146 3328 3.547 3792 4.096 4.482 4,988 5.700 6.771 8124 106
5.012 X 10° 1.496 1.585 1.696 1.819 1.975 217 2425 2776 3.308 3.990 10-¢
6.310 % 102 0.706 0.753 0.806 0.869 0.949 1.045 1172 1.353 1.617 1.950 10°8
7.943 3 107 3.307 3.537 3.807 4123 4.521 5.008 5.643 6.568 7.855 9512 1077
1000 > 107 1.535 1.643 1.781 1.940 2133 1386 2.708 3.167 3796 4634 1077
1.259 x 10° 0.705 0.759 0.825 0.905 1.001 1.125 1.288 1.515 1.840 2250 1077
1.585 % 103 0.320 0.347 0.378 0418 0.465 0.526 0.608 0.722 0.886 1.088 107
1.995 % 10° 1.441 1.568 1.717 1.908 2141 2439 2.848 3416 4.222 5239 1075
2.512 X 10° 0.643 0.702 0.775 0.861 0.973 1.119 1.318 1.597 2.007 2511 107%
3.162 % 107 0.285 0312 0.346 0.387 0.438 0.508 0.605 0.742 0.945 1.197 1078
3.981 % 10° 1.251 1.375 1.530 1.724 1.965 2286 2757 3422 4.400 5.675 107°
5.012 % 10° 0.548 0.602 0.675 0.759 0.878 1.024 1.243 1.553 2.047 2670 107°
6.310 % 10° 0.238 0.264 0.296 0.335 0.389 0.457 0.556 0.706 0.944 1.237 10-?
7.943 ¥ 10° 1.032 1.156 1.284 1.473 1.694 2021 2.466 3.196 4.304 5.676 10710
1.000 > 104 0.444 0.497 0.556 0.635 0.732 0.882 1.079 1.410 1.946 2615 10710

M. Honda, et. al, PRD 75,043006 (2007)

Take half-angle
to be 2 degree!

Liu, Yin and Zhu,
PRD 77, 115014 (2008)

E \mu from 50 to 200 GeV
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In the simplest DM model, the DM direct search experiments
can exclude two regions; the DM indirect search experiment
PAMELA can exclude a very narrow region.

In the 2HBLR, the predicted direct detection cross section

depends on the Higgs mixing and Yukawa couplings.
However, the indirect detection cross section is independent

of the above two factors.

The neutrino signals from the DM annihilation in the Sun are
far less than the upper bound in the Super-K and the
atmosphere background in the IceCube.
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