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Motivation:

.PeV bump in IceCube data

JAstrophysical explanation:

-Multi messenger method (Gamma Ray Constraint)

.Particle explanation:

.Dark Matter Decay

.Other Application of the Gamma Ray Constraint:

.7’ model

.Conclusion
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Motivation:

.PeV bump in IceCube data



Events per 1347 Days

10°

10

==
------------------------------- t | Bkg. Atmospheric Neutrinos (/K)
: ¥77] Background Uncertainties

T
Background Atmaspheric Muon Flux

Atmospheric Neutrinos (90% CL Charm Limit)

: —— Bkg.+Signal Best-Fit Astrophysical (best-fit slope E~*%)
: - - Bkg.+Signal Best-Fit Astrophysical (fixed slope B *)

T'_I_' ee®e Data

% 7

ube Preliminary

102 103

10

Deposited EM-Equivalent Energy in Detector (TeV)

IceCube 4 years data

Events per 2078 Days

10?

Energy Threshold

IceCube Preliminarv

Back

Data

EEm Best-fit Backgrowund Atmosphenic Neutrinos (= A7)
EEER Best-fit Background Atmosphensc Muon Flux

| —  Armospheric Newtrinos (90% CL Charm Lirmit)
— Best-fit Bkg.+ 1l-Component Astrophysical (£ ™)
Best-fit Bxg. + 2 -Compomnent Astrophysical

growund Statistical Uncertainties

10°
Deposited EM-Equ

10° 104
ivalent Energy in Detector (TeV)

IceCube 6 years data

How to explain this PeV Bump?




JAstrophysical explanation:

-Multi messenger method



JAstrophysical source

typical source of astrophysical neutrinos and gamma photons
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.Gamma ray Bound tIHE neutrino bound



Neutrino limit is derived from a combined Gamma Ray bound
(CASAMIA+HAWC+milargo+t ARGO+Fermi-LAT)
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.Particle explanation:

.Dark Matter Decay



.Dark Matter 3 Body Final State Decay
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Effective Lagrangian of DM model: B eperent Decay Process with 44
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Dev et al (JCAP '16); di Bari et al (JCAP '16); Cohen et al (PRL '17) Insplred by neutrino Dirac mass model
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This page is an example float chart for galactic flux, similar for extragalactic



MC and Data comparison
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Photon integrated flux I,

i — DM Photon Flux I,
10 — Photon Flux Constraint Lypper limit
100 Photon Flux Constraint is the combined result of
% CASAMIA+HAWC+milargo+ARGO+Fermi-LAT
E
2
‘2 10718 .
—
Mym = 4PeV, T4 = 10%s
10 Photon Flux on Earth
1 T T T BRI 1 Lol L Ll L L L L L R _ 27
Log), (Ey(GeV)) y Py 0N Ear

E,*®, (GeV/cm?/s/sr)

10° 10° 10* 10° 10°
Logy, (E,(GeV))



. goodness of fit test:

LO)= fe:) = [[ 7567 0= (Mo 7a)
i=1
. . _ fr(n:f .
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. Comparison with Gamma ray constraint:




Due to less statistics, only one
sigma region is closed area.

Lower bound(Red) is very
conservative, so much lower
than the favored region from
goodness of fit.
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.Other Application of the Multi messenger method:

.Z°’ model
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Z'model (g',M,') forbidden region map
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.Conclusion



.Pure astrophysical explanation for the Icecube PeV bump is disfavored
by the gamma ray constraint

.The DM decay model: DM— b b~ v could explain the bump with
parameters confined in favored region

.Gamma ray constraint could also be used to test the validity of New
Physics models, for example, light Z” model.



Thank you!
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.Derivation of the flux identity

Derivation of Z’ model’s D factor

.Higher order cascades

Reminder of the relations between coupling constant and decay width:

3
me—Mm)@
a 327 a

for Mgy, = 1PeV, 14, = 10275, we have A ~ 1.48 x 1072°
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. goodness of fit test:

-We use this statistical method to provide favored regio

For binned data, we could take it as Poisson distribution:

L(0) = fp(n:0) = e = (M, Tam)

The likelihood ratio is:

Events(1)

_ fr(n:0) : ,
AO) = i ) where 1= (ny,n2,...,ny,
We choose the test statistic as:
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TS will be a function of theta and thus we could find out
the region that is statistically favored

;= icecube data in ith bin
Hi=total MC events
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To acquire the TS distribution of Mdm
and tdm, we perform a grid calculation:

Mdm=(0.1, 0.2,...,10)PeV

Tdm=107(1,1.03,1.06,...,3)*10"27 s




