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Signal for DM in AMS-02 antiproton flux measurement

M. Aguilar et al. (AMS), Phys. Rev. Lett. 117 (2016)
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Cuoco, Kramer, Korsmeier, Phys , Rev Lett (2017),
Cuia,Yuana, Tsaib, Fan, Phys, Rev Lett (2017)



2-sigma discrepancy between secondary antiproton prediction

and AMS-02 measurement
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Limit dSphs bb, Akermann (2015)
—--  Limit dSphs bb, Albert (2016)
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Cuoco, Kramer, Korsmeier, Phys , Rev Lett (2017),
Cuia,Yuana, Tsaib, Fan, Phys, Rev Lett (2017)
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lceCube neutrino spectrum

—
-
—_
rTTTY

I Background atmospheric Muon flux
B Bkg. atmospheric neutrinos (n/K)

7] Background uncertainties

— Atmospheric neutrinos (90% CL charm limit)

— Bkg. + signal best-fit astrophysical (best-fit slope £2°%)
— - Bkg. + signal best-fit astrophysical (fixed slope £7?)
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Deposited EM-equivalent energy in detector (TeV)
Halzen, Nature Physics (2016)




Whys hasn't the Glashow resonance been observed at

lceCube
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Pakvasa, Joshipura, SM, Phys Rev Lett (2013)

Neutrino decay to the V3 mass eigenstate
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Explanation of the 1-2 PeV IceCube neutrinos

 Decay of PeV DM with litetime of ~10729 sec.

Borah, Dasgupta, Dey, Patra, Tomar, (2017).

Bhattacharya, Gandhi, Gupta, Mukhopadhyay, JCAP (2017).

* Resonant production of new particle with mass in
the range 600-800 GeV.

Leptoquarks:
Barger and Keung Phy Lett B (2013)

Dey and SM JHEP (2016)

R-parity violating SUSY:
Bhupal Dev, Ghosh, Rodejohann Phy Lett B (2016)



Direction of PeV IceCube neutrinos correlated with DM density
in the galaxy

(a) PDF of DM decay (b) PDF of IceCube data

Esmaili, Kang, Serpico , JCAP (2014)



PeV scale DM decay Najimuddin Khan -PeV Scale Susy
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S0 DM with Mass 5 PeV IceCube data )
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PeV scale SUSY spectrum

tan3|| Masses in PeV RPV couplings DM mass
ma|Mys| Ao " Aoy in PeV Najimuddin Khan
1.8 [|[10| 8 [-15.42|3.56 x 10722|1.58 x 107 5
SUSY Fields Masses in PeV
dirg (i=d,s,b) My, .~ (1122, 12.53); (1253, 12.53), (13.05, 13.05),
dinr  (i=uc,t) Mg, .=~ (845, 11.22), (12.61, 12.61). (13.05, 13.05),
éirr (i=epuT) Mz, .~ 1032, 10.32). (10.32, 10.78), (10.78, 10.78),
; (i =e,pu,T7) M;, ~ (10.78). (10.78), (10.78)
h M;, ~ 124 [GeV]
H M; ~ 17.53
Al M 40 ~ 17.53
H~ My ~17.53
gi (i =1.8) Mj, ~11.44
iV (i =1...4) My, (DM) =500 Mg, =737 My ~1021 Mg 1021
X~ z\fI.1 ~ 7.37 A/Ih ~ 10.21
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Data credit: LIGO Scientific Collaboration/OzGrav ARC Centre of Excellence




There is no dispersion or absorption of gravitational waves in
an ideal fluid medium.

1y = (p+ p)uﬂu,, — PGuv

Ehlers, Prasanna, Breuer, 1987

No absorption or dispersion of gravitational waves by CDM,
HDM, Dark energy, Chaplygin gas etc



however fluids with shear viscosity absorb gravitational waves

TMV — (/0 T p)u,uul/ — PYuv — 277 Opv — ge(u,uuu T g,uy)

AN

Shear viscosity Bulk viscosity

Goswami, Chakravarty, SM, Prasanna Phys Rev D (2017)



FRW metric with tensor perturbations
ds® = a(7)?[dT® — (6;; + 2 hy;) dx'da’]
From Einstein’s equation we get

h;/j — Vzhij —+ 27‘[ hz’j — —167TCL2 770'2']'

The shear perturbations in velocity are caused by gravitational
waves

0ij = hij + H hi;



In a viscous medium gravitational waves are damped

A
h(t, 7“) _ _06—167TG777“

r

Gravitational wave amplitude of inspiraling BH pair

G5/3
AO— 2(47(')1/3 c4 f2/3 MCE);{S
- - 3/5
M, — m)*® & 5 sops /
T (mi+m)t/5 G 96 _

Need independent determination of source distance to
measure shear viscosity of the dark matter



Bound on shear viscosity from GW150914
It the amplitude can be predicted with a 1% accuracy

n X 16mG x 410Mpc < 0.01

=1 <D X 107" GeV? =6 x 10° Pa sec

Goswami, Chakravarty, SM, Prasanna (2017)



Shear viscosity of self-interacting dark matter
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Solving the core-cusp and missing satellite problems of
ACDM model with

e Self-Interacting dark matter (SIDM)
 Warm dark matter (WDM)

* Fuzzy dark matter (FDM)

and more. ..



Self Interacting Dark matter -

Spergel and Steinhardt, Phys.Rev.Lett. 84, 3760 (2000)

o/m~1cm?/g~2x 107> cm®/GeV
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There is a possibility that SIDM may be defected via
gravitational waves



Tensor-to-Scalar Ratio (rp.002)
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Inflation models compatible with CMB data
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Starobinsky model

Ss / d*z+/—g ( R+ ﬁle?)

) 'MQ 1 3 _
Sg = /d T/ — 2pR — 5@(})8“({) - ZMSMQ (l —e

Jordan frame

\/§¢/Mp)2-

Einstein frame



Higgs Intlation

M3 A
S :/d xﬁ( “PRy gth_ _h4) Jordan frame

Potential in the Einstein frame

4£2

= 2
V(g) = M (1 — e“\ﬂ‘P/MP)

¢ ~ 49000
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Plateau potential
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SUGRA Inflation

Kahler potential K (¢;, ¢;)

Superpotential W (¢;)
Lkzn — _Kij*glwa“¢i u¢*j

0°K

Kiix = — -,
L) 8¢26¢*]

Scalar potential



F term potential
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SUGRA Model of Starobinsky potential

Ellis, Nanopoulos, Olive , PRL, 2013

K =-3In [T-l—T* i ¢;b*]
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No scale SUGRA SO(10) derived Starobinsky Model of Inflation

lla Garg and SM , Phys Lett B751 (2015)

. Me .o Ag MEw | N o 2, 1 53

11 1 1t
K = —8In(T+T" - 3(5;2'®+ 55+ -5—,2*2+H*H))

SO(10) scalar representations

210(®; 1) 126(%;kim) 10(H;),

Some intermediate symmetries like Pati-Salam do not give
successful plateau inflation



Plateau inflation in SUGRA- MSSM

G.K.Chakravarty, G. Gupta, G. Lambiase, S.M., Phys Lett B 2015

1
3M?2

K = 3MZIn [14 (HJIHu+H}Hd)]

. 2 .
W =u(H, - Hy) + /\(Hu Ha) exp (Hu Hd)

M, M2



B 078538

A~ 38x10°8

r ~ 0.00337, ng ~ 0.966



Plateau Inflation in R-parity Violating MSSM

G.K. Chakravarty, U. K. Dey, G. Lambiase, S.M., Phys Lett B (2016)

1
M;

K =3In 14 : (L'L+ H{H, + H{H; + HL
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n LTHd)] vgze

W = pL-Hy, + poH, - Hg + AM? + 27




SUSY -perhaps with heavy spectrum may find most useful
application in intlation ..
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