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Introduction

The SM-like Higgs boson was discovered at LHC.
The mass is my ~ 126 GeV

CMS (s=7TeV,L=51f" Vs=8TeV,L=53"f"

D d m, = 125.5 GeV :
ecay mode -good agreement with SM
Moy —n— SM? or BSM?
H— 2z —— we need more information
. el One way:
*examination of coupling
H— 1t ——3 between the Higgs and
. . Dark Matter (DM)

— g5 with astrophysical data
Phys. Lett. B 716 (2012) 30 Best fit 6/0),



Introduction

The Higgs decays into gamma-rays and it may be observed.

~
example ﬂ[\ line signal could be seen
X H ™M if Higgs is produced at rest

g or almost rest.
i E., ~ 63 GeV

v characteristic signal

*constraint on annihilation cross section into Higgs
—> coupling strength



Gamma-rays from DM annihilation

two types of gamma-rays

1. Continuum y-ray 2. y-ray line
Xx = ff =~ -direct production
XX = [f7 (FSR) XX =y (Ey =my )
e 100GeV ] Loop suppressed
107 e =
10% | -decay of Higgs
f xx = HH (m, ~ 126 GeV )
L xx = HZ (m, ~ 109 GeV )
o Vo oxx = Hy (my, = 63 GeV)
107! gt fr :\i (Spin=720r1)
B 3 Tree or loop process
v 1073 k - 1 jcAaP 1103 (2011) 051
v = E;/Mpu HPNP2013@Toyama 5
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Gamma-rays from DM annihilation

However
*Phase space suppression No suppression

In addition
Br(H — ~7)

Br(H — bb)
— The y-ray line from the Higgs decay might be swamped.

~4x10"* small

Branching ratio



A wayout

In case of SUSY model

\
\

X pseudo-scalar H

*phase space suppression

small branching ratio
Br(H — ~v)

Br(H — bb)
"resonance 2m., ~ m4

~ 4 x10~*

We have to suppress

“suppression by heavy sbottom
small coupling between

bottom and pseudo-scalar

— it is possible to see a line signal



gamma-rays from 63 GeV DM
In case of my = 63 GeV
channel: xx — H~y (DM spin =% or 1)

Y
H;I::i E, =63 GeV

Xl
4 2 2
X 7Y (very low energy) E., = T~ "

4m,,

X Y
But confused with >@:’:i E, =63 GeV
X Y

Which is dominant?



gamma-rays from 109 GeV DM

channel: xx - HZ
for example

In addition to the Higgs decay

X 7 109 Gev X T 29 GeV
gamma gamma
X Y X 7

They are not relative with Higgs.



gamma-rays from 126 GeV DM

channel: xx - HH In SUSY models
By =63 GeV o ToX~ - H

~

X YX -
%j\i o H%‘"—\_’Y E, =63 GeV
. . N for 63 GeV DM



Analysis for gamma-rays flux

Differential qux
P
dd., ) dN., 1 / 0 / o
dEf}, m2 dE 87T AQ los

7] : Symmetry factor
(1 for Majorana particle, % for not a self-conjugate particle)

AN,
B, energy spectrum

DM profile : p(r) = 0.193pgexp [—% ((1> — 1)]
a=0.17




-1
dNY /dEY [GeV ]
o

Energy spectrum from the rest Higgs

By = 126 GeV -
rest Higgs

10
E, [GeV]

used PYTHIA 6.4

100

Higgs decays into 2 gamma

{ - peakat 63 GeV

Higgs decays into Z gamma
1 = small peak at 30 GeV

2 2
v =
2m gy

all channels are included.

The line signal is visible.



Gamma-ray flux from the rest Higgs

2 2 -1
EY d(I)Y/dE‘{ [GeVem ™ s ]

Fermi data ——

xx— Hy 63GeV
XX = HZ =wmeeees 109GeV
xx — HH 126GeV

The limits are obtained from
the line rather than the continuum

gamma.

10
E, [GeV]

100

channel: xx — H~v
most visible because of
small DM mass

We obtain a limit:
(ov) ~ 2.5 x 1072° cm? /s
for 63GeV

(ov) ~ 5.0 x 107%° ¢cm® /s

for 109GeV

ov) ~ 6.0 X 1072° cm? /s
(ov)

for 126GeV

107 27~—28 cm3/s

for y-production



/dE, [GeV™]

=

dN

Energy spectrum for boosted Higgs

10
E, [GeV]

100

Higgs decays into 2 gamma
a tiny peak at 63 GeV

*No small excess around

30 GeV

Several order of magnitude

is different.

A limit is obtained from the continuum gamma
rather than the line signal?



Gamma-ray flux for boosted Higgs

107
| “ limit from continuum :
o "+ -..] HH, HZ processes
. |
3 | (ov) ~ 5 X 10~2%° Cm3/s
é* 10° F . .
W Femida —— v aran | tintenseline at 32 GeV
LA —> HZ =eereens 111GeV :
o x %~ HH 130GeV | fOFH’)/ Process
1 T ————4 The limit :
E, [GeV]

(ov) ~ 4 x 10727 cm? /s

e

X
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Summary

*The SM-like Higgs boson was discovered at LHC.
 Using the decay property of the SM-like Higgs, we
obtained the constraint on the cross section of DM
into the SM-like Higgs for some DM masses.
Higgs production: (ov) ~ 1072° cm?/s

The limit will be important when an enhancement
mechanism of cross section is working.



