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‘ O(100) TeV excess @ neutrino telescopes

cosmic

atmospleric osntic

néutrino

p— 10.6 !
— IceCube Preliminary

';_. nuebarnue=1:1

7]

T L EE Tk e

w U starting events wnic
NI 1 7[1]/

- - Glashow .

g L upgomg1 muons 1 High Energy
% W' —_ Starting Events (HESE)
o
R

= ——t

'9'1- 10’ Credits: Hanzen IWNT 19 Venice

ey  threg methoqs are consistent
+ excess cosmic flux < 100 TeV?
10"

16{ if 10
Neutrino Energy [GeV]

WIN - June 2019 - Bari Stefano Morisi



‘ O(100) TeV excess @ neutrino telescopes
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+ three methods are consistent
+ excess cosmic flux < 100 TeV?
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HEMISPHERE USING SIX YEARS OF ICECUBE DATA
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P \  adurino Aartsen et al [IceCube collaboration] Astrophys J 833 2016

ABSTRACT
(o

satng everts m/ T e but the field of view i restricted to the Northern Hemisphere. IceCube data from 2009 through 2015 have

been analyzed using a likelihood approach based on the reconstructed muon energy and zenith angle. At the
highest neutrino energies between 194 TeV and 7.8 PeV a significant astrophysical contribution is observed,

excluding a purely atmospheric origin of these events at 5.6 significance. The data are well described by
an 1s0tr@1c unbroken power law flux with a normalization at 100 TeV neutrino energy of (O 9070 30)

0.27
107 GeV~"em %571 sr=! and a hard spectral index of 1= 2.13 & (.13. The observed spectrum is harder

in comparison to previous IceCube analyses with lower energy thresholds which may indicate a break in the

astrophysical neutrino spectrum of unknown origin. The highest energy event observed has a reconstructed
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O(100) TeV excess @ neutrino telescopes
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OBSERVATION AND CHARACTERIZATION OF A COSMIC MUON NEUTRINO FLUX FROM THE NORTHERN
HEMISPHERE USING SIX YEARS OF ICECUBE DATA

Aartsen et al [IceCube collaboration] Astrophys J 833 2016
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O(100) TeV excess @ neutrino telescopes
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ANTARES

IceCube

Chianese, Mele, Miele, Migliozzi, SM, Astro J. (2017)
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O(100) TeV excess @ neutrino telescopes
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excess cosmic flux < 100 TeV?

« only few sigma (about 2.5 sigma) but...
» depends on the assumed astrophysical source
« l-component fit with softer spectral index works
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‘ O(100) TeV excess @ neutrino telescopes
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‘ Annihilatin g dark matter Feldstein, Kusenko, Matsumoto, Yanagida PRD (2013)

2
IMevents ~ V' Lyrw N ON ( adbll ) (0amv) S| per few hundred years

mpwm
detector
= volume Typical neutrino-nucleon
ON ™ Cross section at 1PeV
NN = Nice

from unitarity
limit

2 2
Lyrw  =dim of galaxy Tam < 4/ (mpyv)

Decayi ng dark matter Feldstein, Kusenko, Matsumoto, Yanagida PRD (2013)

mpwm

A 2
FEvents ~ VLMW nN ON PbM FDM ~ (10_29) / year

Decay seems favorite with respect to annihilation
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Standard Model particles and dark matter stability: a comment

photon stable because massless (for gauge symmetry motivation) Credits: Hambye

neutrino stable because is lightest fermion (Lorentz invariance)

electron stable because is lightest charged particle (electric charge conservation)

« proton (?) stable if baryon number exactly conserved

What is the symmetry that stabilize DM?
(R)-parity, mirror world,....but so far no evidence

To have a stable particle on top of SM without any extra symmetry
is not automatic even if not impossible.... BUT quite baroque
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Neutrino flux at Earth

three componets are assumed:

d ¢bkg d ¢Astro

d¢

dE,dQ | dE,dQ |'| dE,dQ

dquM
dE,dS}

1) Atmospheric neutrino
Honda, Kajita, Kasahara, Midorikawa, Sanuki, PRD (2007)
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Enberg,Reno,Sarcevic, PRD (2008)

2) Astrophysical isotropic neutrino flux

d @astro B @0 ( EV )_'Yastro
dE, df) S\ 100 TeV

3) Decaying Dark Matter neutrino flux

dg©
dE,d

dqbg
dE,dQ

dg™
dE,dQ > Fag
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Dark Matter Neutrino flux: Galactic and Extra-Galactic contributions

EG
dgppM Z b | 995 L 49
dE,dQ 8| qE.d0 | dB,dQ

P: flavor convertion due to oscillation Seeforinstance
Mena,Ruiz,Vincent, PRL 2014

Palladino, Pagliaroli, Villante VissaniPRL 2015
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Dark Matter Neutrino flux: Galactic and Extra-Galactic contributions
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Dark Matter Neutrino flux: expected angular distribution

dgg  deg®
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| the contributions are comparable |
but

difference in the angular distributions
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Dark Matter Neutrino flux: expected angular distribution
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Dark Matter Neutrino flux: expected angular distribution
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Dark Matter Neutrino flux: expected angular distribution

dgPM dog  def“

(e

Pa__ _N"p
aB,d0 ~ 2" | 4,0 *4E,40 =

Galactic Extra-Galactic

Esmaili, Serpico JCAP 2013

I : Data prefer mildly DM rather than
isotropic distribution at 98% CL
Chianese, SM, Miele, Vitagliano PLB 2016

L:> 10% p-values, DM scenario can
not be excluded
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Dark Matter Neutrino flux: expected angular distribution
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Esmaili, Serpico JCAP 2013

Chianese, SM, Miele, Vitagliano PLB 2016

L.

Data prefer mildly DM rather than
isotropic distribution at 98% CL

10% p-values, DM scenario can
not be excluded
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a rigorous evaluation can only be performed
within IceCube collaboration

- background

- lack of data
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Neutrino spectrum from DM decay (weak corrections)
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lceCube Collaboration analysis lceCube Collaboration EPJC 2018

two-years cascade events: all-sky six-years nu-mu track events: North-hemisphere
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. : * the two analysis give very different DM mass
Bg. SignaltBs. Bs SignaliBe *  butnot surpi/ising: differgnt data

mpw / PeV - 1.3 - 0.1 « p-value above 1%
DM / 10278 - 22 - 8.3
Astroph. norm.!  0.97 0.16 2.15 1.62 .
Spectr. index 516 199 575 281 | Although best fit includes a non-zero DM component
TS = 2 x ALLH 6.7 (p = 0.035) 3.4[[p=055) the result is not significant, no DM signal
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Other analysis 1
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Other analysis 2

Chianese, Miele, M, Peinado, JCAP 2018
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Life-time vs DM mass: comparing different analysis

DM —» neutino
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Neutrino and gamma: a multimessenger approach

Murase, Ahlers, Lacki PRD 2013
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‘ Fermi limits for decaying dark matter
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Cohen, Murase, Rodd, Safdi, Soreq,PRL 2017
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‘C| ificati f T ith trino final stat
R ) t final states
< SU@) )y operator nat states (RSU(Q)) operator final states
Y
spin O spin 1/2
~xH'H hh, ZOZOW+W—,ff (1)o HELy vh, vZ0, (R WF
vvhh, vvZ9Z°, L ZOh ~
. > i > 2 HYE h, vZ0, ¢EWF
x (LH)? ve AW, ve= ZOW+, e—e~ WHW+, /2 v v
vvh, vvZ9%, ve= W+, v 3)o Hf/o'a’(/)“ vh., vZ0 ¢EWF
xHLE hete—, ZO¢te— WEeFu, ete— .
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Neutrinophilic Dark Matter model

Chianese, Miele, M, Peinado, JCAP 2018

L lp | H A | v

SU(2), | 2 1| 2] 3

Ul)y | —-1/2 | -1|1/2] 1 | 0

U(l)r 1 L |0 |-2]1] €= Preserved in order to have a neutrino line
v ~-

1
L, = 5)\@jL?C_1iTgA Lj + h.c.

3
AT \/§A++
A=) oimi= (\/iAO ~A* )
i=1

* Does not aquire a VEV
* Neutrino are Dirac
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Reheating temperature below DM freeze-out temperature

1y < Tgry TRH <IF

1 GeV—2 2 iy GeV™?
Oy h? ~ 7.3 x 1071 — A Q12 = 2.3 x 10119 Tkin) Tip GeV

Gx (TF,std) <0’1}> xE,std

9« (Tr,n) m3 (ov) ap

1/2
9x My Mpy
T [0.038 e ()

gx (TF,rh) my

TFn >~ 1n |0.015
gx (TF,std)

1/2 2 .5/2
" T3 MplT Tp .,
9x 9%~ (Tru) RH TF 1h <UU>]

TF std = My /TP std Giudice, Kolb, Riotto PRD 2001

Reheating temperature become a
~ ~26 .3
(ov) = 28x107% ew’/s —» DM about 2TeV free parameter (lower limit from BBN)

Larger DM mass overclose Universe

N oy Y2
Tru = 660 (100 Tev> GeV
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Conclusions

- Astrophysical exces at hundred TeV?

- Decaying (annihilating seems disadvantaged) Dark Matter
could be a possible explanation

- Multimessenger analysis can strongly constraint the decay channel

- Arigorous angular distribution (an time) analysis
will discriminate DM hypotesis

THANKS
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