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Energy Budget of the Universe

Planck Results!!

stars Danyon neutrinos

* Baryonic Matter are ~ 4.8% dark energy | ~—dark matter
* Dark Matter ~ 26.5% )
 Dark Energy ~ 68.3%
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DARK MATTER

Thermal or non-thermal.

A popular candidate is WIMP (Weakly Interacting Massive
Particle).

But WIMP may not be the only candidate.

Challenged by null results by quite a few direct detection
experiments.

Some possible indirect signatures like DM self interaction
signatures etc. may not be addressed by WIMP.

FIMP (Feebly Interacting Massive Particle) dark matter is

non-thermal in nature but produced from a particle which is in
thermal equilibrium.
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Some possible indirect signatures

1-3 GeV gamma ray excess reported by Fermi-Lat
from the direction of Galactic Centre (GC).

3.55 keV X-ray line from Perseus, Andromeda etc. and
74 other galaxy clusters observed by Newtown X-ray
observatory and Chandra Telescope.

Observational evidence for DM self-interaction in
Abell and other galaxy clusters.
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== THE MODEL
(WIMP-FImP model)

Two component DM model mm)p a fermion and a scalar.
The Model :- SM+ x +S+d
X - Dirac Fermion, s- scalar, ¢ - a pseudo scalar

\ -singlet under SM gauge group, global U(1)p,; symmetry
(global U(1)pun charge), doesn’t talk to SM.

Y interacts with %.via Yukawa interaction.

Impose a discrete Z, symmetry on the scalar S (singlet). Z
is spontaneously broken & develops a VEV for 5.

The Lagrangian is CP invariant but CP symmetry breaks
spontaneously when ¢ acquires a VEV.
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Two Component DM Model

Lagrangian of the model can be written as
L = Lsu+Lpm+ Lo+ Line 1)

Lpy has two parts namely the fermionic and the scalar,
which are given by,

JC‘D}.I — ‘{Iil“r'“dlu — '1'?1}3\"_’ T f? g 2.)
With . S W
By %( 9,5)("S) — L )‘?54 3)

The Lagrangian £ for the pseudo scalar boson @ is

iven by 1 2\ )
- ' . lwﬁrb) —‘—%2—"—@4 .

December 12, 2017 SUSY 2017, TIFR



Two Component DM Model

The interaction Lagrangian is given as
L = —igXwx®—V'(H,8,5), -...5)

where scalars and pseudo scalar mutual interaction
terms are denoted by V'(H, S, ).

V/(H, S, ®) = Aus H'H &% + AgsH H 5% + M358 S? . ...6)

Denoting V1 , 2 and v3 to be the VEV acquired by
physical Higgs, @ and S respectively, we have

1 0 | | o
H=— , D=1+, S=v3+s. 7)
V2 v+ h
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Two Component DM Model

Let us consider the scalar potentlal term V

V = ph H'H+ Mg (H'H)? 7[:"1’ )\Q‘W 25 );94 8)

—|—/"\H¢,H?H d? + )\HSHiH S s Ad @2 52,

After SSB, the scalar potential Eq. 8) looks like

| ) 3
V = ﬁQH (v + h)* + o —(v+h)*+ ﬁ; (va + @) + 9)

4
A ; 5 As .
_f[lg +é)* + %[193 +5)* + f(l-‘g +8)* +
AH® ]
R

2

}L oy
ﬂ(t:‘l . h) (Ld + SJ s )\-:I:-S[LE 5 (D) [:1’3+ S)E =

11—|—h) (L‘z-l—{!fl)E—F 5
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- Two Component DM Model

Using the minimisation condition that

v\ [(oV\ [V _o. +10)
ok )\ 86 ) \ Bs —Ed
h=0, =0, =0
we obtain the three following conditions
1+ Agv? + Agavs + Agsv: = 0
1z + Aavs + Agavi + 2xpsva = 0 ...11)
j.t%; + )'LS'U% 3 AHS'E-‘f + Q.)\.i.gt?g = 1.

The mass matrix with respect to the basis h-¢-s

is obtained as At AHevive  AHsUivs

:2 Co— } T 12 . ~ 1 5
'-‘Mscalar = 2 }'LHri' L2 )iq:. U5 2/“\:1:.“3, U2 Ug

5 . Tt~ 7 "2
.}LHIS' ?;11 ?_'3 2)‘.@:5‘ E'z 1,3 ;ill.lifl,\fI ?.'3 0'00124)

December 12, 2017 SUSY 2017, TIFR 10



Two Component DM Model

Diagonalising Eq. 12) by a unitary transformation we get
3 eigenvectors hy, h, and hs

hy h
hy | = U(B1a.013.00) | 6] . -13)
hg 8

U(b2,023.613) - PMNS matrix, h: - SM like Higgs boson,
h, - scalar, hy - lighter scalar component of DM

(FImP candidate). /. o a aw \ [k
ho | = | an ag ass Q| -
hs (31 @3z Qgg S
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Bounds

Theoretical Bounds
In order to obtain a stable vacuum we have the following
bounds on the quartic couplings
A, Aa, Ag > 0
Age + vV Agre > 0
Aus +VAuds > 0
22a5 + vV Ao As

\/") \H@"‘\/m /‘\HS—F\/H 7A®9+\/F |
/“';H\(I:r/“'k‘-,‘F)\H@\/i ,\Hgﬁa’)\@_i_ }/\@H f}\h’ >0

W
—
P

...14)
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Bounds (continued....)

Experimental Bounds

PLANCK observed relic density

0.1172 < Qparh? < 0.1226

They will be further constrained by the collider
bounds.
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Bounds (continued...) (from Collider Physics)

h, - Higgs like scalar (mass~ 125.5 GeV), &, - non SM
scalar (85 GeV < m, <110 GeV), 5, - light DM candidate.
hi satisties the collider bounds on signal strength of SM

scalar. Signal strength

) Q(;Up — hl'} Bl{hl i }})
R, =—

oMpp = h) BrM(h —» ax) T 50)

o(pp = h1) & oM(pp — h) define the production cross-
section of /1 & SM Higgs respectively due to gluon fusion.
Br(hy — zz) & pSM

(h — »o) are the decay branching ratios of

hi & SM Higgs into any final state particles. 71 satisfy the
condition for SM Higgs signal strength 7 > 0.8
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Bounds(ConﬁnuédQJ
(from Collider Physics)
h—zx)

for hy, Br(h, — x) = L=z and for SM Higgs Br™ (i — wa) = Hi2

Eq. 20) becomes

=y r, 2l
where , the total decay width I'y = af,['syy + [V & the invisible
decay width of %: into DM particles given as I'"™ =T, .\« + I'hi—hshs -

1 Toyr +.22)

Similarly for 4, , R, — at L
2 — 21
[

with Ty = 3Ty + T5° & T8 = Thuorg + Diaootan

The invisible decay branching ratio for the SM like Higgs is
1"4!2‘1' .

Bri., =7 . Weassume B!, tobesmalland impose Br!, <02.
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Cross section

Bounds (continued..)

Bounds from direct detection experiments
(scattering cross section vs DM mass)

Reference
limit 1
SIS We have checked the direct
& detection cross-section within
.L Smaller target the allowed limit by DM direct
energy detection experiment.

‘threshold

Increased
Exposure

WIMP mass
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Relic Density

The Boltzmann equation for x is

dy, . 2 rreqy2 L (Y2 N I5)
d”’l = _‘{,g't-!}ll—'r;t‘i‘ (}15 — {}{q)u) T {Gl"}lx—}hsh:} (}‘15 _ (}_,}f:q)g}’h‘i ;
2 " ha

X -follows freeze out mechanism and becomes relic ,
behaves as WIMP. Initial abundance Y. of s ,the FImP

component, 1s Y, =0 .
dy,

dz

_ . | r2 seqy 2 ' P 2 o )
= —(\OU)yy—z% (}\ — {}1 ) ) - '\G—E"fll—'*hﬁh:l}l ? 16

here h; follows freeze in mechanism.
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Relic Density

The Boltzmann equation for the scalar component hs (FImP)

dYy, 2Mp1z /8.(T) (- T ‘
. Ny B ‘/r( E Crhf —}hﬁ h;:‘ (YJ"H o ;‘.ff))
f i

dz 1.66m2 g.(T)

472 Mpym /g (T)
- XxXx—h_n
Z (OVxz—h b, )

D
45 1.66 £ x=W.Z, f.hy.h2

Ye)? 5\
x(}fa’i - Kfqz) _(U“i;{_‘h}ha )(Yf o Jé—q;g}’}i) ) 17)
Wlth lir,l'!i'_'{ =0 ;

dYh M7 Jo (T
3 o pf*- g*( ) - ( eq)
az 1.66m2 go(T) (;( h;—hyhy ) (=Y

B 472 Mpim /g.(T) -18)
45 1.66 72

X ( Z {U“Ii—rhihi} (_qu 2)

x=W.,Z, f.h1,h3

2
— e =
(U"}{K—*hjh})}})- (
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Relic Density

Y, = 2= - comoving no. density of DM candidate = = y. hs,

1»?
Y - equilibrium no. density , > = /T where 7 is the photon
temperature , Planck Mass 1, = 1.22 x 10?2 GeV
— gs(T) ( Ld lngg{T))
Ja.(T) 3 dInT ,where g5 & g, are the degrees

of freedom corresponding to entropy & energy density of Universe.

The relic abundance of DM candidates is

();h? = 2.755 x 10° ((”ﬁ) Y;(To), 7 =X, hs

In our model 2 DM components must satisfy Planck relic density

Results. Qpyh® = Qh% +Qu,h®, 0.1172 < Qpph? < 0.1226 .
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DM Self Interaction

Study of 72 colliding clusters by Harvey claim that DM self
interaction cross-section opy/m < 0.47 em?/g with 95% CL.

Campbell have reported that a light DM (mass<o.1 GeV)
produced by freeze in mechanism can provide the required

amount of DM self interaction cross —section in order to
explain the observations of Abell 3827 with opa/m ~ 1.5 cm?/g .
In our model the FImP DM /5 can account for the DM self
Interaction cross-section.

ons  9N\e  where A, or Asz; - the quartic coupling for 4, .

ms  2mms

Consider contact interaction only & neglect s-channel
contributions (due to small couplings with scalars 7, & /2).

21
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3.55 keV X-ray Emission

hs =77 diagrams

The decay width of 1 into 3.55 kev X-ray is

e B Grpms3
]__“ ] ey — ( e ) F 2 (12 —3 . . .26)
hz—9 —l}T N I 31 8\/5]’;‘
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Two component dark matter (WIMP + FImP).

1-3 GeV 7 - excess from x (WIMP component)
( XX annihilation).

3.55 keV photon from the decay of FImP ( 5 ).

Self interaction results from FImP.
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Calculation and Results

By scanning over a range of model parameter space we test

the viability of the two component DM model.
mi ma ma A2 Mia Aas Ry | Briy, | fraThess g
CeV | GeV GeV 10~ 5~
125.5 | 85-110 | ~7.1x10°% | 10~%0.1 | 107 10-% | 10~ 1-10-7 | 0810 | 0-02 | 25-25 |0.01-5.0

Table 1: Constraints and chosen region of model parameters
space for the two component DM model.

We take v1 =246 GeV , 1, = 500 GeV & assume two choices
of v3 = 6.5 MeV and 8.0 MeV (2.0 MeV < us

December 12, 2017
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<

10.0 MeV).
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Gawlfactic Centre(GC) Gamma ray excess and
DM Self Interaction

The differential gamma ray flux obtained a region of GC for X is
&0 _ (ov), dN]
dEAQ S*eri alt, = ....26)

e

o E .a : .. 1’1 9 E‘ )
/10’0 e B)dr ..27)
In the €q. (27) = v-’r-,-r-f: 42 Qr:}i rcosf Wlth e =8. 5 kpC. The DM

where the astrophysical factor

Distribution is spherically symmetric which follows Navarro-Frenk-White
(NFW) profile | (r/r )
plr) = psm—— 73— -
(1+7/rs)3 ...28)
The differential gamma ray flux is calculated using the region of
interest(ROI) for 7 =1.2. ( 7s =20 kpc | ps = 0.4 GeV em™ )
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Galactic Centre(GC) Gamma ray excess

BP1 1M Mo My, v g Ry | Brl, | f fs (ov) Ty G':'}
eV | GeV eV | 1073 == pb
GeV cms !
1 1255 | 1024 | 475 | 3.5 | 0.22 | 0.92 | 0.082 | 0.88 1.68 1.04e-06 | 2.09e-26
2 125.4 | 1049 | 50.0 | 45 | 0.11 | 0.99 | 0.021 | 0.89 1.62 1.14e-06 | 5.81e-28

Table 3 : Benchmark points for calculation of GC gamma ray excess.

18- p s a——
P
B2
g
5 10 sx?iiEs s,
. 5 2 P |
fﬂE ,.-""P- "{k
- [ -..__\'1 {
= I
o 107 ﬂ 1""'». {
B,
=) l \
B : 10 100
December 12, 2017 SUSY 2017, TIFR E (GeV)
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DM self Interaction
BP1 T o g g Tra Fiul b5 vy | Tha A T % r.ri}
GeV | GeV | keV | 1073 10— cm? g pb
GeV s 1
1 125.5 | 102.4 | 7.10 | 3.5 0.12 2.55 ~ 1 | 2.06e-06 | 0.444 | 1.11e-23
2 125.4 | 104.9 | 7.11 4.5 0.11 2.63 ~1 | 1.25e-06 | 0.157 | 9.10e-24

Table 4: Calculations of different observables for the scalar DM candidate for the
same set of benchmark points given in Table 3.

From Table 4, it can be easily seen that for both the benchmark points, the light
scalar DM can provide a self interaction cross-section consistent with the
observed limits o/m < 0.47 em*/g and also the decay width of s is in the

range 2.5x107% s < fpThyyy < 2.5x 10728 571 .
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Summary and Conclusions

We explore the viability of two component DM model with a fermionic DM

\ (WIMP) and a feebly interacting light singlet scalar DM s (FImP).

\ interacts with SM sector through a pseudo scalar & and as @ acquires a non
zero VEV the CP symmetry of the Lagrangian is broken spontaneously.

The Z2 symmetry of S is also broken spontaneously when 5 is given a tiny
non zero VEV.

The global (7(1),,; symmetry of x provides us stable dark WIMP.

The sv(2), x U(1)y symmetry of SM Higgs field is also broken spontaneously.

We have three scalars #; to be SM like, j, as non SM Higgs & "3 is light scalar
DM.

We constrain the model parameter space by vacuum stability, unitarity, bounds
from LHC results on SM scalar etc.

We solve the coupled Boltzmann egn. such that sum of relic densities of these
DM candidates satisfy the observed Planck relic density.
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Summary and Conclusions

X can explain the excess of GC gamma ray in the energy range 1-3 GeV,
which is obtained from the analysis of Fermi-LAT.

hs can account for the DM self interaction cross-section in order to
explain the results from galaxy cluster collisions.

We also test for viability of x, to explain the possible 3.55 keV X-ray
signal .

Both the DM candidates in the present “WIMP-FImP” framework are
insensitive to direct detection experiment bounds.
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BACKUP SLIDES
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Annihilation Cross-Section of Fermion DM
candidate

. 3/2
gt m3 4m7 /
OVyysff = _?\'639 8— | 1— F(s,mqy,msy) ,
3 _:‘T E_z!l vS:
: 1/2 2
g° ! 4m¥, / m; 94 (s — 2miy,)? F( )
ov - = — $,M1,M3) ,
xx—+WTw 64 g U1 4??1{%
2 2\ /2 702\ 2 e 9222
g 4m, my (s —2m7)
ov Ty = 1 — — 2+ F(s.mi.mo) .
XX 44 o8y ( S U1 4?11-42 ( 1. m2)
P 2 2
as,a a5, as
F(s,my,mg) = 2 11 + Al 23
( m2) (s —m%)2+miT? (s —m3)% + mal'3

2(s — 'r:rl.r'f)(S — ??1%) + 2mymsl' Ty ]

T12011A9220 : . :
TR s — m2)2 - m2T2][(s — m2)2 + m2T2]
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Annihilation Cross-Section of Fermion DM
candidate

1/9
g (1 B 4"‘”1) / [ ﬂ%@*%n

vax—}h‘l hl == 32?]:_ . {S — ?nl)g —|_ 7 ]-_‘2
a3 A311 2a10a99A 1112211 ((s — m?) (s — m3) + mymal’y Fg)}
(s —m2)2 +mal3 [(s — m?)2 + m3T[(s — m2)2 + m3[3]
1/2 9
Xx—+haha 39 s (5 o ml)2_|_m 1"2
a.%g)&%ﬂ 2a12a29A192A999( (5 — m%)(s - m%} - mlmgFng)}
(s —m3)? + mal3 [(s = m?)2 + miT3][(s — m3)2? + m3[3]
1/2 = e
OUsy shaha = g . 4m3 aisMss
XXx—nang 32?1_ 5 (5 _ ml) _|_ ?7111_'2
" a39A333 2a12a99M133A233((5 — m})(s — m3) + ﬂllmﬂrlrﬂ)}
(s —m3)? + m3l3 (s — m%)2 + miTF][(s — m3)2 + m3[3]
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Decay and annihilation terms for scalar DM
candidate

A 33 4m3 .
Fh —~h_h = J ' sl — 1 2
2 33 87rmj mj

1 4 ,
O fFshahs = Ne 1611-5\/(3 — 4m3)(s — 4mf) ( :) F'(s,my,ma) ,

.

1 s—4m} (m3, ’ (s — 2mi,)?
9 = 24+ - F’
OW+W ——hshs 18?[3\/5 _ 4‘?’]’1&; ( U1 1 4?‘]],&, (3: mq, mﬂ)

1 [s—4m3: [m? . (s —2m2)?%\ _,
VB lighs = 187s\/ s — 4mﬂz ( vy ) (2 v 4m%, ) F{s,m1,my) .
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Decay and annihilation terms for scalar DM
candidate

Fls, m1, ma) = ati A a31\333
o (s —m)2+mil% (s —m3)2 4+ mil3
2(s —m3)(s —m3) + 2mymol'(Ty ]

s —m3)2 +mil'Y][(s — m3)2 +m3l3]

+a11A133a21 A933 {

1 [s—4m] Mnhzs Moridass
e — S 1A 3 .
Ohihi—hshs = 5 \/5 —dm? ( 1133 T (s—m?) £y (s —m))

1 [s—4m}] Aosodazs  Maadizs )
Ohoho—shaha = Aoz + 3 + 4B
haha—+hahs " ors \/s — 4m? ( 2T = m3) (s —m?)
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Invisible decay width

1/2
r my 2 (1 -ilmi /
hi—sy¥ = = ——
R ey A m? ’
1/2
- mggﬂﬂg (, 41?1%' /
ho—yy — —. — ——
2—+XX 8-?1' 29 m% )
PMNS matrix with ¢ =o
C13C12 512€13 513
V= —S12C93 — $23513C12  C93C12 — S23513512  S923C13
$93812 — §13C23C12  —S823C12 — S$13512€23 C€23C13
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Couplings between different physiﬂcal scalars

obtamed from the expression of potential

—A111
—A292

—A1920

—A2ag

—A1133

—A2233

— A3zas

Apv163; + Apvealy + Ags(vead ais + vian1alsy) + Agsriaials + 2Agsteazal; |
AHU1G3; + Aav2a3y + AHa (vaa3 ase + viasiads) + Apsviasiais + 2Assveansais ,
3Agviaad; + 3Aavea12a3s + Aga (va(adias + 2a11a91a92) + v1(a11a35 + 2a01a12a92)
+Amsvi(aiiass + 2asiaizass) + 2Aasve(aisais + 2assaizass) |

3Agviaiias + 3Agveaiaass + Apa(va(aiiass + 2ay1az1a12) + vi(asajs + 2a11a12a99)
+Apsvi(asiaiy + 2a11a13a93) + 2Aasve(assas, + 2aisaizass) ,

3Apgviaiiad; + 3Agv2a12a3s + Apa(ve(ai;aiz + 2aniasiasze) + vi(anais + 2aziaizass)
+Apsvi(ai1a3s + 2ag1a13aas) + 2Aasva(aiaais + 2azaaizass)

3gw 531{1%1 + 3}u],‘1.-‘gﬂ;ggﬂ%g + }\Hda{"r_-‘g[ﬂ%lﬂ-gg + 2a91a31a32) + 1 {ﬂ-‘;lﬂ-%g + 2as1a92a32)
+Ansvi(a91a3s + 2as1a093a33) + 2Aasve(assais + 2assasyaas) |

AH® , 2 9 2 9 .
(a1oag; + a71a30 + 4a11a12a31a32)

3 « 3 . . 3
EI{_}-Hﬂ%ﬂ%l) + .—Mcbﬂi’)gﬂ'gg} + —(«’tsa?aﬂ%gl +

AHS , o
> (a 11-5133 + amﬂgl + 4aii1a1z3aszi1aaz) + :’tdaS[ﬂlaﬂgg + a13a3a + 4ai2a13a32a3s) .

_|_

AH® . o g V
(ﬂizﬂ-gl = ﬂiﬂ%g + 4asiazoaz1azs)

3 " [ 3 [y 3- &
5 (Ama3iaz;) + 5 (Asazads) + S(Asazgazs) +

A
4 AHS

(a3ia33 + adzad, + 4aoasaasass) + Aps(adeais + ajzais + 4aseasgageass) ,

H& 2 o AHS 9 o 2 9
agjaz + —; @310a3s + Adsazaaiy ~ As/4 .

1 , £ = T }L
Z{Ayﬂgl + Asags + Asags) + >
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3.55 keV X-ray Emission

3.55 keV X-ray emission line from extragalactic spectrum
cann’t be explained by known astrophysical phenomena.

If this signal exists then it can be explained by decay of
DM candidates.

In our work we propose light DM candidate 5, (s ~ 7.1
keV), which decay into pair of photons, to explain 3.55
keV X-ray signal.
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3.55 keV X-ray Emission

Loop factor, p_ 1, (3, Z N.Q2Fy(By) + 26)

A 2
Where i e 4’”;“”. i §
m3 mi
Fw(B) = 24+38+38(2—-8)f(B),
Fe(B) = —28[1+(1—B)f(B)],
f(B) = arcsin?[p~? .

In order to produce the required extragalactic X-ray flux the decay

width of 23 must be in the range 2.5x1072° s < f3., Ty < 25x 1075 571

Where f,, = 5= is the fractional contribution to DM relic density by
hs component.
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Direct Detection of Dark Matter

Spin independent scattering cross-section for X is

2 2
- g o Q11012 22021 g
o5 = —m, e Aé 2

where p=”‘ﬁ [qu (1—qu)]zl.3><m-3.. ..... 24)

Similarly for the scalar FimP DM candidate, scattering cross-section

: 2
1S - w2 f2m, (Aazain  Aessas
gqlr — 2 F) B _|_ ,2
—17? vy mj my ms
o
where m, = ﬂ}z‘f;f and f ~o. 3. Since m 3 << Myp, M, ~ M3 & Eq (2.5)
becomes by 1 f s ff Agarey . T
G’_QI — 2 9 + 9
A7 v? mi ms;
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Calculation and Results

Observation :-

Relic density contribution

2 of scalar DM component
G
B increases with 023 .
Il
+* For
v3 = 6.5 x 107 GeV f* ~ 2.8 x 107
0 Be1d 1e13 15813 2213 2Ee-13 2e-13 35813 4e13
s 3.0 % 1073 GeV is ez ~ 3.5 x 1071
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* @3 varies within the range ~ 1.0 — 6.0 x 10~** for both the values of
vy =8.0x 107% GeV & vz = 6.5 x 107 GeV respectively. \ 33 is proportional to
the value of ¢,, .

» For smallervalues of @3 ~ 1071 — 107" 613 maintains a value in the
range ~ 3x 1078 -6 x 10713 .
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Calculation and Results

For both the values of 3

the maximum allowed
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CaIcuIatlon and Results
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the maximum allowed
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3.55 keV X-ray Emission

3.55 keV X-ray emission line from extragalactic spectrum
cann’t be explained by known astrophysical phenomena.

If this signal exists then it can be explained by decay of
DM candidates.

In our work we propose light DM candidate 5, (s ~ 7.1
keV), which decay into pair of photons, to explain 3.55
keV X-ray signal.
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What is Dark Matter(DM)?

An Unknown, non-luminous matter with almost no
interactions with other particles except gravity.

Contains more than 80% of the matter content of the
universe.

All pervading across the galaxies, clusters, super-
clusters.
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General Properties of Dark Matter

ELEMENTARY
PARI ILLbS

* Should be neutral

* Gravitationally interacting

» Stable

* Very weak interaction with
other Standard Model particles

Weakly Interacting Massive
Particle (WIMP) is a popular
candidate of DM.
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Particle Nature of Dark Matter

The particle nature of dark matter is not known.

No SM particle (Neutrinos? But contribution of active
neutrinos are negligible).

One has to look for particles in theories
1. extension of SM.
2. Beyond SM.

BSM- SUSY (Neutralino), Extra dimension etc.
(Kaluza-Klein dark matter).

Our focus is on simple extension of SM.

December 12, 2017 SUSY 2017, TIFR



Classificationl of DM

From Thermal History

" m/

Thermal :- Initially in thermal and chemical
equilibrium. Decouples and goes out of equilibrium as
relic.

Non-thermal :- Never in thermal equilibrium.
Produced from out of equilibrium decay of a particle.

Feebly Interacting Massive Particle (FIMP) :- Never in
thermal equilibrium but produced from a particle
which is in thermal equilibrium.

Can be other types such as SIMP or self interacting
massive particles.
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