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A SM extensions with singlet scalar or fermion fields are simple
model for DM.

A In the WIMP scenario, DM candidate can produce required re
density which is measured by PLANCK satellite. It is shown ti
allowed region for parameters space of singlet scalar and
fermionicDM are strictly limited by relic density constraints.

A The one of simplest candidate for DM is SU(2)L scalar triplet
field. The lightest component of triplet field is neutral and
provides suitable candidate for DM.
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Strategies: search for Dark Matter

SM: Standard

Accelerator PFOdUCtion Model particle

Production

\ / in accelarators (LHC)

Indirect detection:

Direct . search for
detection annihilation/decay
products of y's (self-

/ \ antiparticle)
Direct detection:

y-nucleus elastic
Indlrect detection scattering
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et Mod

A The Inert Triplet model (ITM) is an extension of the SM that c
provide DM particle. In this model, apart from the SM Higgs
doublet, we add a SU(2)L triplet scalar with Y =0orY = 2,

Inert Trip) el

A In addition, we impose Z2 symmetry condition under which t
triplet is odd and all the SM fields are even. The Z2 symmetry
not spontaneously broken since the triplet does not develop a
vacuum expectation value. The triplet for Y = 0 can be
parameterized as:

1 70
T T+
T'= ( V- g0 ) : (T%) = 0.

V2
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A The relevant scalar potential which is allowed by Z2 symmetr
can be written as:

V = m?|H|? + M*x[T? + M|H|* + X (tx[T?)? + \3|H |*tr[T?).
1 /0
(H}_ﬁ(v),, v = 246 GeV.
mgf::[], '112:—‘”12/2/\1 QME—I—A:]UE:}U
A The triplet masses can be written by two pararh8tansiM:

1
m%—-[] = m%—-i = M2 —— 5)\31-’2.

A At tree level, asit is seenin the aboverelation, all the componentsof T
own the samemassbut at loop levelthe chargedcomponentsare slightly
heavierthan TO.
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In case Y = 2 the SU(2), triplet can be parameterized as:

A InY = 2 casetheTOr or TOi areplayingheroleof DM particle
Due to gaugecouplingof Z to TOr,i the DM-nucleoncross
sectionis 10*"38 cm: and much largerthan upper limits by
XENON100 experiment This excludesall the regions of
parametespacdor thiscase
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DM can interact with nucleon by exchanging Higgs boson. The spi
iIndependent cross section of MMcleon is given by

22 2 2 2
)‘Efnmw fLTT N X X

4 m%,[, mi 1

T
p = mymyo/(my + mro)

Thereareseverakxperimento detectDM particles f f
directlythroughthe elasticDM-nucleonscattering

The strictboundson the DM-nucleoncrosssection

obtainedfrom XENON 100and LUX experiments
The minimumupperlimits on the spinindependent
crosssectiorare

XENON100 : og; 2 x 10~ ¥ em?

A

LUX :0g; < 7.6 x 10%c¢m?2.
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A Relic Density

In context of ITM, in mass regimes lower than 7 TeV, relic density conditions a
satisfied. Since direct detection constraints are weak for largambddses (
1TeV) henceforward, we assuni#ZM < 1 TeV and evaluate other experimente
constraints on parameters space for low masgdNv:1102.4906]

A Electroweak precision

It is shown that contribution of ITM on obligue parameters S and
negligibly smallarXiv:1102.4906]
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Z boson decay width

The most constraining observable for ITM parameters is the Z

boson decay width. The Z boson decay width was measured t
be:

['7 = 2.4952 + 0.0023 GeV

[(Z = TFT%)) = Lvma(q _ 2ipe s
T mi ?
A Since 7z - 17T IS SUPPressetmy: < my/2 . we assu

that

mpo, mp+ > 45.5 GeV
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Invisible Higgs decays

InvisibleHiggsdecaygrovidechanceor exploringpossibleDM-Higgsboson
coupling NeverthelessnvisibleHiggs bosondecaysare not sensitiveo DM

couplingvhenmTO > mh/ 2.

Any components of triplet scalar lighter tharhi§igsooson can
contribute to the invisible decay modaigigsboson.

Br(h — Tnvisible) = L0=msmtldT)

Where
F(h)]TM = F(h)SM + Z F(h — 2){).
X=T0.-Ti:‘f

A Total width bfggboson in SM4s15MeV and the partial width for
h4 2TO0 Is given by:

222 42
D(h—2T") =25 /1— -
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The SM prediction for branching ratio of the Higgs boson decaying to invi
particles is :

Br(h— ZZ* = 4) =12 x107?

RecentlyATLAS Collaboratiorhasperformeda searchof the SMhiggsboson
In its invisibledecaymode and obtainedan upperlimit of 75%, at a massof
1255 GeVfor Br(hA Invisible)
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Rg gonstraints on dark matter

A ITM also contribute to partial width &4 g gThe partial decay rate for this
process has not been measured at the LHC but the raticlqgdhthéenrate
of the observed Higgs to the SM prediction have been measured recently
CMS and ATLAS collaborations:

CMS: R,, = Jm;f:‘ad — 1141036
ATLAS : R,, = Zmeaswed 4474007

OSM

A Thediphotoncross section normalized to SM prediction has been defined
the ITM as follow:

P _ o(pp = h = yY)rm _ L(h = yy)irm x T(h)sm
T lpp = h = 7)sm LD(h — 77)sm % D(R)mm
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We have used the fact that cross section of Higgs production in ITM is similar t
In ITM, for mZ/2 < mTO < mh2, there are two sources of deviation from R =
1.

A First is partial decay réted g g caused by charged scalar in loof
level.

A Secondspossiblalecayh A TOTOand hA T+T+ which
contribute to total decay rate of Higgs boson in ITM.
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Figure 1: Shaded areas depict ranges of parameter space in mass of DM and
Ag coupling plane which are consistent with experimental measurements of
R~ with 90% and 68% C.L, upper limit on Br(h — Invisible) with 95% C.L,
upper limit on oxenon1o0 and op,ux with 90% C.L. a) for 45.1 < mpyy < 62.5,

]}) for 62.5 < mpyys.

Since invisibleiggsdecay is forbidddanematicallfor mD > mh2, we study
Br(hA Invisible) separately in Figa.1 We supposaZ/2 < mTO < mh2 and

show valid area in mass of DM afBdaoupling plane which is consistent
with experimental upper limit on B4(Invisiblg.
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A Note that allowed region of Brghinvisible) and direct detection
experiments are very similarfit/2 < mT0 < mh/2.

A As itis seen, fanZ/2 < mTO < mh/2 allowed region is not much different
from other measurements.
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Rzg constraints on ITM dark matter

We pursue our analysis on ITM phenomenology by calculatiny #ite h
decay.

o(pp = h— Zy)itm _ o(gg = h)itm x Br(h — Zv)itm

Rz = —
v J(pp — h = Z'}’)SM J(gg — h]SM X BT(h — Z'T)SM

The decay rate foXy, Z g can be expressed by:

Gra’ M GroMy M3
164273 ﬂffg
+ AT"‘(“TT:} yi”

['(h — Z~) 3| A (i, i) + Aw (@, i)

ATLAS and CMS collaborations have presented a search for the SM Higgs

boson in the decay chanhglZ g. Sensitivity of these measurements are far
from SM predictior-or a Higgs boson mass of 125 GeV, the observed
exclusion limits are between 7.3 and 22 times of the Standard Model predicti
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Figure 3: The R,z as a function of the DM mass for several values of Aj.
a) for 45.1 < mpys < 62.5, b) for 62.5 < mpyy.
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[ Indirect Search

| Annihilation of Dark Matter into monochromatic photon:

We calculate possible annihilation of DM candidate in ITMgatwdZg

The amplitude fo2TO-A 2g can be written down as follows:

?:1?[]}.3

EIMETD_}?’T T s — -m% —amply

LY
\ To N WrT+ Y
w A h
\
ooh bW, TH p————-
————— p
! ¥
¥
/ ,’ V4
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The cross section is given by

1 2 B 1 a?g L%)\
7= Mo = T T alQﬁM&' sAva(e)
My )
20\ )2,
+  Ai(zi) + 2uo ggﬂigifh(md|

The amplitude fo2RTM Zgcan be expressed as follows:

. ivg A3
M|, = M ,
i|Mlyro_, 2, . _ -m‘?l - h— 2~
]_ m% EE q 12/"\2 mﬂz 5/9
= —(/1--"4)IM 1 — —2)52| Ay(24, vi
auv STTS g )| |?TD—}E"} 64 CH_ ( g ) | t(mt yi)
1

+  Awl(xi,vi) + Art (i, vi 2
( i yz) T-I-( i yl)l (s—mﬁ)hrmﬁl"%
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FermiLAT collaboratiorhasmeasureflux for diffusegammaaybackgrounénd
gammaayspectralinesfrom 7 to 300GeV obtainedrom 3.7 yearslata

The thermal average cross section is expressed by:

== 1 - STVs5)l8s — mg s £
(o) = 8m TrK3(mpa /Tr) Am%m dsa(s)(s —4 DM)\/_KI(TF]

0.382empym Mpigpm

\V 9= LF

(ov))

rrp = In(

zp =m/Tp, c = V2 —1 and g, = 91.5
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Figure 6: The thermal average annihilation cross-section of T° (DM) to (a)
~vv and (b)Z~ as a function of the DM mass for several values of As.
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Figure 7: Shaded areas depict ranges of parameter space in mass of DM and

A3 coupling plane which are consistent with upper limit on opermir.aT Wwith
95% C.L (indirect detection) and op,ux with 90% C.L (direct detection)
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Conclusions:

A We have investigated an extension of SM which includes a SU(2) L triple
scalar with hypercharge Y=0,2.

1. We have shown that the effect of ITM on invisible Higgs decalRgagd
for low mass DM<63 GeV can be as large as constraints from LUX direc
detection experiment .

2. We calculate the annihilation cross section of DM candidagganttZg.
The minimum upper limit on annihilation cresstion from-ermiLAT
have been employed to constraint parameters space of ITM. We also sh:
for 52<mDM<63 GeV, FermiLATconstraint is stronger than direct
detection constraint for low mass DM.
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