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Darke Matter Lamdscap@.

Dark energy

v Cold : non-relativistic

v Stable: no decay, very long lived

Dark matter

Rfeoma v Massive: wide range
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Heavv DM: Indirect searches

Collider

| >

X Ditticult to probe at collider: SM —
kinematically disfavored

X Direct detection:
very low flux

Direct Detection

. SM DM
v Indirect searches: < ,

extremely useful Indirect Detection

Neutrinos from captured DM
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Cutline
> Tibet AS,: gamma rays from decaying DM
® Theorist’s view of Tibet AS,

®* New physics: decaying DM
» Neutrinos from captured DM

» Conclusion
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v 4300 m above sea level | \

v Effective area: ~ Louvre Museum
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v No. of scintillator detectors: 597 LB .

. ) 7 @--‘m"’ g@g g B"%

v Each having area 0.5 m = T 5 %
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https://arxiv.org/search/astro-ph?searchtype=author&query=Amenomori%2C+M

Tibek AS+MD

v2.4m underground

v Hybridize with
muon detector. ..,

-
il

v Muon with energy
oreater than 1

GeV

Livetime: 719 days from February 2014 to May 2017

Muon detector: gamma and cosmic ray (CR) discrimination
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Gamma ray as messenger
CR Source ?

v Are not deflected by
interstellar magnetic fields. P
“Koftgwterstear
v Observation of ~100 TeV 4
. I o
gamma ray predict the i
Galactic origin of the PeV Dhom}”ﬂ H{hm”
cosmic ray. / Shower
SESYAN __
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Photon and Proton Shower
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Occasional y-p interaction gives rises shower similar to

hadronic shower
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Photon and Proton Shower
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Photon Proton Shower: Tibek ASy
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Cumulative Shower Probability

TR
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Number of Muons Above 1 GeV

N, <75 N, <100 N, <200 N, <300

Percentage of y-

ray signals retained 10% 20% 60% 83%
Level of cosmic-

ray background

Solid line fit 107} 1.5x10°° 4X1073 107
Dashed line fit <1077 1077 6.6X1077 4x10°°

Gaisser et al PRD 91

Survival ratio

After muon cut
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Tibebk ASy
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Observed Flux

~ | ® Tibet AS+MD [= ® Tibet AS+MD
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v First detection of sub-PeV diffuse gamma rays.

v Space dependent and space independent cosmic ray model
seems to fit well with data, proposed in 1804.10116

v Several recent proposals e.g., see 2104.09491, 2104.03729, 2104.05609
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Observed Flux: whether this
observation could be used nfc:-r
detection of dark matter?

o
S

Cirelli et al 0912.0663, 1205.5283, 1307.7152 ...
Lefranc et al 1608.00786
Esmaili, Serpico 2105.01826 Tarak Nath Maity
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ﬁecavivxg DM: Flux

dV Ty : DM lifetime
. dV
~ Decay rate/time= Ty (1)
<, ™
@ Qne obs. A: detector area
5 particle/decay
N
N ﬂ — A X (T) av
dt drr? T,
dN ) df)
i A P X ( ) d']"
dt My Ty 4T
@ Energy does not change . . . .
between production and reception Line of sight integration
1 dN 1
—— = ™)dSddr
A dt 41, Ty, / Px(T)
g J
Y
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Decaying DM: Flux
Ty : DM lifetime | 0 (r)dV
Decay rate/time=

T
dV @ One obs. d_N | X
[ particle/ decay > dE l A: detector area
4
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— A Px (T) g

dEdt " m,T1, dE 47

@ Energy does not
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production and | et l Line of sight integration
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AdFE dt dmm, Ty dL
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Decaying DM: gamma-ray spectrum

dN
dFE
/ Gamma-rays

X -
\ NVuVe

WHZ/g - e\

T Neutrinos
vy

© C Weniger S

u-
V..V
uve
e 1 ~

+ a few p/p, d/d
Anti-matter

Tarak Nath Maity

PPPC

Cirelli et al 1012.4515

HDMSpectra

Bauer et al 2007.15001
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Be&avimQ DM: Atkenuakion

" CMB
Pair production: v+, — et e~ b= Starlight
. Infrared
: — L/
Attenuation ~ e(=E/) Mean free path A = 1/ny0.,
CMB SL+IR
1.0}
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Eﬁ 0.6 ===== L =4kpc 1
= I \
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0.2} ------ L =20 kpc ‘\‘\ ,x" - ; jjin(;ui
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v A 100 TeV photon must originate from our galaxy.
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Decaying DM + Background < Data

DM Flux

d2¢’y 1 dN
(Ey) = o Jag Qa5 ()
qu,dQ Y AQ AQ 4 x Tx olE,y Y

Jo ol b, e > as
\

NEW Attenuation
Background
Space dependent CR, 1804.10116
Different cosmic ray models Space independent CR, 1804.10116
Hybrid gamma-model, 2104.09491
Data
TABLE S2. Galactic diffuse gamma-ray fluxes measured by the Tibet AS+MD array.
Energy bin Representative E Flux (25° <1 < 100°, |b| < 5°) Flux (50° < 1 < 200°,|b| < 5°)
(TeV) (TeV) (TeV™' em™2 57 sr7 1) (TeV~' em™2 571 sr71)
100 — 158 121 (3.16 £0.64) x10~ (1.69 £0.41) x10~*°
158 — 398 220 (3.88 £1.00) x1071° (2.27 £0.60) x10~16
398 — 1000 534 (6.86 T530) x107"7 (2.99 T10%) x1077

Amenomori et al 2104.05181 PRL
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Decaying DM: Limits

v We have done a x“analysis to set the limits.
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Decaying DM: Limits
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v For most of the channels (except first two generations of
leptons) our bounds are stronger than previous limits.

v Our limits are robust, does not depend on choice of DM
density profile.
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Neubrinos from &ap&ured DM
annihilation

Bose, TNM, Ray 2108.12420 Tarak Nath Maity

21



DM tay%ure A heukron star

DM particle velocity far away from the stellar object
(m, ) v (u)

stellar nucler

velocity at the surface
2 2 g
g )™

m,

Uf < Veg for capture

Fig. credit: Anupam Ray
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l DM-nucleon No. of Capture
DM flux : probability
CrosSss section targets
Goldman et al PRD 89 ...
Bramante et al 1703.04043 ...
Bell et al 2004.14888 ... Tarak Nath Maity 79



Annihilating DM capture in neutron
star: sighnatures

Heating
« N

DM

© 1707.09442 @e will explore this

Goldman et al PRD 89 ... i
Silk et al PRL. 85 ...
Baryakhtar et al 1704.01577 ... )
Pospelov, Ritz 0810.1502 ...
Bell et al 2004.14888 ...
TNM, Quei 2104.02700 Baratella et al PPPC 1312.6408
ueiroz ) !
’ Bell, Petraki 1102.2958

' Leane et al 1703.04629, 2101.12213...
Tarak Nath Maity  BeJl et a1 2103.16794 23



Gralactkic neubkrown skars: DM «tap@ure and
abtnithilabkion ko neubkrinos

We consider DM capture in the galactic population of
necutron stars. Generozov et al 1804.01543

Yx =YY = 2(SMSM) = ...,v,...

DM onslved Pl sl 7114
¢ O
Time evolution: 4Vx

~ 2
~ Ctot T Oann NX

dit
l Equilibrium
. | 1 , 1
Annihilation rate: I, = 5 Conn N = 5 Clot
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Neubrino $lux
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Prospect of gigaton detector
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=
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v Limits are obtained by equating DM events to astrophysical

and atmospheric neutrinos
26
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Coneclusions

4 x 10%8

T T _ T 10-31
X — bb _
3x 108}
10735 Direct detection
28 - -
23107 F oA ~ 1039
_________________ .-~ —— Space independent CR NE NS (HESS)
2l —— Space dependent CR 3]
[j< —— Hybrid-y model "';
--- Combined previous limits ;
1028 |
6 1027 1 1 1 1 1 1 1 1
A% 10° 6% 10° 107 2x 107 3% 107 4x 107

my [GeV]

v Indirect searches for heavy DM through gamma rays and
neutrinos.

v We explored new regions of the DM parameter space.

TNM, Saha, Dubey, Laha 2105.05680 email: tarak.maity.physics@gmail.com
Bose, TNM, Ray 2108.12420 Tarak Nath Maity Tk&hw 'jOu, 27



Temperature fluctuations [ p K?1

\elocity
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.
Distance

Galaxy Rotational curve
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Gravitational lensing

D |Qh% = 0.120 + 0.001|

[Hard fact : DM exists ]

&> Nature of DM ?
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10°

G&mmawraj spec&rum
Y — bb —

My = 10° GeV m, = 10% GeV
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