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* SM extensions with singlet scalar or fermion fields are simplest
model for DM.

* In the WIMP scenario, DM candidate can produce required relic
density which 1s measured by PLANCK satellite. It is shown that
allowed region for parameters space of singlet scalar and
fermionic DM are strictly limited by relic density constraints.

* The one of simplest candidate for DM 1s SU(2)LL scalar triplet
field. The lightest component of triplet field 1s 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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Inert Triplet Model
* 'The Inert Triplet model (ITM) 1s an extension of the SM that can

provide DM particle. In this model, apart from the SM Higgs
doublet, we add a SU(2)L. triplet scalar with Y =0 orY = 2.

* In addition, we impose Z2 symmetry condition under which the
triplet 1s odd and all the SM fields are even. The Z2 symmetry is
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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* 'The relevant scalar potential which is allowed by Z2 symmetry
can be written as:

V = m?|H|? + M*x[T? + M|H|* + X (tx[T?)? + \3|H |*tr[T?).
1 0
H = — . v = 246 G’EV-
=70 )
2 2 __ 2
m ‘CU,'U = —m /2)«1 QME—I—)\?,UE:}U
* The triplet masses can be written by two parameters A3 and M:

1
m%—-[] = m%—-i = M2 —— 5)\31-’2.

* At tree level, as it is seen in the above relation, all the components of T
own the same mass, but at loop level the charged components are slightly
heavier than TO.
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In case Y = 2 the SU(2), triplet can be parameterized as:
. ej%T+ T++
A\ V! LT

* InY =2 case, the TOr or T0i are playing the role of DM particle.
Due to gauge coupling of Z to TOri the DM-nucleon cross
section 1s 10738 cm2 and much larger than upper limits by

XENON100 experiment. This excludes all the regions of
parameter space for this case.
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DM can interact with nucleon by exchanging Higes boson. The spin
independent cross section of DM-nucleon is given by

Aifamyy pPmyy X X

im mlyml

agsy] =
p = mymgo/(my + myo)

There are several experiments to detect DM particles f f
directly through the elastic DM-nucleon scattering;
The strict bounds on the DM-nucleon cross section
obtained from XENON100 and LUX experiments.
The minimum upper limits on the spin independent
Cross section are:

XENONI100: 657 < 2 x 107%cm?
LUX :0g; < 7.6 x 10%c¢m?2.
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* Relic Density

In context of I'TM, in mass regimes lower than 7 TeV, relic density conditions are
satisfied. Since direct detection constraints are weak for large masses (mDM >
1TeV) henceforward, we assume mDM < 1 TeV and evaluate other experimental
constraints on parameters space for low mass DM. [arXiv:1102.49006]

* Electroweak precision

It 1s shown that contribution of I'TM on oblique parameters S and T is
negligibly small. [arXiv:1102.4900]
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Z. boson decay width

The most constraining observable for I'TM parameters 1s the Z

boson decay width. The Z boson decay width was measured to

be:

['7 = 2.4952 + 0.0023 GeV

Frdyy  _ gichymz 4m7 g0
D(Z—T7T%) = L8me( - e

Since Z — TFT* 1is suppressed for mp: <myz/2 , we assume
that

mpo, mp+ > 45.5 GeV
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Invisible Higgs decays

Invisible Higgs decays provide chance for exploring possible DM-Higgs boson
coupling. Nevertheless, invisible Higgs boson decays are not sensitive to DM
coupling when mT0 > mh/2.

Any components of triplet scalar lighter than SM higgs boson can

contribute to the invisible decay mode ot higgs boson.

Br(h — Tnvisible) = L0=msmtldT)

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

* Total width of higgs boson in SM is 4.15 Mel” and the partial width for
h= 210 is given by:

2,2 4m2
T(h—2T% — 2, /i T
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The SM prediction for branching ratio of the Higgs boson decaying to invisible
particles is :

Br(h— ZZ* = 4) =12 x107?

Recently, ATLAS Collaboration has performed a search of the SM higgs boson
in 1ts invisible decay mode and obtained an upper limit of 75%, at a mass of

125.5 GeV for Br(h = Invisible).
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Ryy constraints on dark matter

* ITM also contribute to partial width of h=>Yyy The partial decay rate for this
process has not been measured at the LHC but the ratio of the diphoton rate

of the observed Higgs to the SM prediction have been measured recently by
CMS and ATLAS collaborations:

CMS: R,, = %:1.1&3@2,
ATLAS : R,, = Zmeaswed 4474007
OsSM

* The diphoton cross section normalized to SM prediction has been defined in
the I'TM 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 I'TM is similar to SM.
In I'TM, for mZ/2 < mTO < mh/2, there are two sources of deviation from R =
1.

* First is partial decay rate (h = yy ) caused by charged scalar in loop
level.

* Second is possible decay h 2TO0TO0 and h = T+T+ which
contribute to total decay rate of Higgs boson in I'TM.
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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,
b) for 62.5 < mpyys.

Since invisible higgs decay is forbidden kinematically for mD > mh/2, we study
Br(h = Invisible) separately in Fig, 1-a. We suppose mZ/2 < mT0 < mh/2 and

show valid area in mass of DM and A3 coupling plane which is consistent
with expetimental upper limit on Br(h=>Invisible).
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Note that allowed region of Br(h > Invisible) and direct detection
experiments are very similar for m7Z/2 < mTO < mh/2.

As it is seen, for mZ/2 < mT0 < mh/2 allowed region is not much different
from other measurements.
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Rzy constraints on I'TM dark matter

We pursue our analysis on I'TM phenomenology by calculating the h = Zy
decay.

o(pp = h — Z’}’)ITM B J(gg — h)j[TM x Br(h — Z’}’)ITM

Rz = —
v o(pp — h — Zv)sm o(gg — h)sm x Br(h — Zv)sm

The decay rate for h—>7.7 can be expressed by:

Gra’ M GroMy
164/273
+ AT"‘('TT:} yi”

M?2
F(h — Z"}’) Z) |At.($hyt) + AW{-TM%)

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

boson in the decay channel h-=>Z ¥ . Sensitivity of these measurements are far
from SM prediction. For a Higgs boson mass of 125 GeV, the observed
exclusion limits are between 7.3 and 22 times of the Standard Model prediction.
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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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We calculate possible annihilation of DM candidate in I'TM into 2y and Zy

The amplitude for 2T0-=22y can be written down as follows:

. 1Up A3
i Mlogo_e, = 3

s —my —imyly

Mh—}?fy
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The cross section 1s given by:

1 2 B 1 a?g L%)\
7= Mo = T T alwaM%—l sAva(e)
My )
20\ )2,
+  Ai(zi) + 2uo ggﬂigifm(md|

The amplitude for 2TO-> Zy can be expressed as follows:

. ivg A3
M = M ,
Mz 7, s —mj —imply hran
1 m% o g? v N3 m% . s
= - — —= )M —— 03 (1 — —Z)52| Ay (i, us
= 1= DM, = S - L A )

1
(s —mp)? +mil;

-+ AHI(.?:@'_,. yg'.) + A+ (ﬁ-ia y-i”z X
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FermilLAT collaboration has measured flux for diffuse gamma ray background and
gamma-ray spectral lines from 7 to 300 GeV obtained from 3.7 years data.

The thermal average cross section 1s expressed by

1 > NE
ov) = dso(s)(s — 4m?%,, VsK1(=—
() = ST KT et ) Sy 2576 = mban) VL)

0.382cmpy Mpigpm

\V 9= LF

(ov))

rr = 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:

* We have investigated an extension of SM which includes a SU(2)_L triplet
scalar with hypercharge Y=0,2.

1. We have shown that the effect of I'TM on invisible Higgs decay and Ryy
for low mass DM<63 GeV can be as large as constraints from LUX direct
detection experiment .

2. We calculate the annihilation cross section of DM candidate into yy and Zy.
The minimum upper limit on annthilation cross-section from Fermil . AT
have been employed to constraint parameters space of I'TM. We also showed
for 52<mDM<63 GeV, FermilLAT constraint 1s stronger than direct
detection constraint for low mass DM.
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* Interaction in Y=0 I'TM:

The three-point gauge interactions:

o 2ig [(*TH)W T+ (*TOWIT™]| + hee.

o 2ig("TH)ewZ, + suA )T + he. |

four-point gange interactions:

o o [|WoTH = WIHT? +2)WFT"?] .
o 2% (ewZy + 5w AT,
o 207 (WIiT ") ewZ, + 50 A )T~ + hee.
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= —[zi+ f(zi)]2;
= 20w + (v — 1) f(w)]a; >
—  —[3a; + 222 +3(2x; — 1) f ()]
(arcsin v/z)? r <1
2
1 1+vV1—a"t
—— |log — T xr>1
4 1 —+v1—a1
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228, — 1) gMyrvpAs

Ap+(zp+,y7+) = 5 V2 (xp+, yr+)
“w e
2 —(16/3)s2 ;
Aoy = 22w o (an e
SWew
Auf (fﬂﬁr, yw') = cot 9}1‘;’ {4(3 — tan 9%1;)I 2 (.IIHF, yuf)

+ (14 2zw) tan 03 — (5 + 22w )] (zw, yw)}

hew) = g+ 5l @) = F0)]+ 5 lol@) — a(w)

Iz, y) = —y[f(f*«")_f(y)]a

vz~ — 1arcsin vz r<1
9@ =) LT g Vi)

r > 1

2 1—+v1—2z2-1
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