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Motivation

Why do we need DM?

™ Gravitational evidences for Dark Matter (DM) at all scales

Rotation Curves Bullet Cluster CMB anisotropies

BUT () Properties of the DM particle(s?) unknown (except that it has
gravitational interactions)

This ie whg ... 3 main search strategies:
-+ Production @ colliders (mono-jet, mono-lepton events)
-+ Direct detection (Xenon, LUX, CDMS, ...)
-+ Indirect detection ( <=> anomalies in CR fluxes )




SWhy 7Y and 1/ linee?

- Broad choice of messengers (photons, electrons, positrons,
antiprotons, neutrinos,...) to look at in order to (hopefully) find a
signal.

-2 Photons & neutrinos: features basically unaltered, allow fo point
back to the source (which can e.g. be of great interest for
searches in objects that are DM-dominated).

-2 Scenarios usually considered for probing a signal:
Annihilating DM
Decaying DM

: sharp spectral features, such as lines, b/c cannot
be explained by astrophysical background.
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Statug of the limite on 1/ lineg (fom DM decay)

~ Glashow Resonanc.

¥ —> 1506.02657

C.E., M. Gustafsson, T. Hambye (2015)’
IceCube (2011) i
Rott, Kohri, Park (2014) :
Esmaili, Kang, Serpico (2014)
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Back in 2013 ...

Evidence for High-Energy Extraterrestrial Neutrinos at the IceCube Detector

We report on results of an all-sky search for high-energy neutrino events interacting within the
IceCube neutrino detector conducted between May 2010 and May 2012. The search follows up on
the previous detection of two PeV neutrino events, with improved sensitivity and extended energy
coverage down to approximately 30 TeV. Twenty-six additional events were observed, substantially
more than expected from atmospheric backgroung ombined, both searches reject a purely atmo-
spheric origin for the twenty-eight events at th m) These twenty-eight events, which mclude
the highest energy neutrinos ever observed, have™ftavtfs, directions, and energies inconsistent with
those expected from the atmospheric muon and neutrino backgrounds. These properties are, how-
ever, consistent with generic predictions for an additional component of extraterrestrial origin.

IceCube Collaboration
Science 342 (2013) 1242856
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Few worde on 1506.02657 ...

New search for monochromatic neutrinos from dark matter decay
Chaimae El Alsatl 1, * Mlchael Gustafsson,? T and Thomas Hambye!?

v.jCouldlt bethat DM.left a S—mokmg Gun 1n_ :neutrmo’ data’? ’-
> Is there a bump in the data ?
(If not, what are the limits?)

e 2-year data sample: 200 GeV - 100 PeV
* We allowed the addition of a DM component
wrt Ho, and fested this alternative hypothesis
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DM Flux Computation

Flux predicted
by your model

Everything else :
Atmospheric neutrinos, muons,
astrophysical source,...
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Statug of the limite on 1/ lineg (continued)
In the end, we did not find any significant line :-(

Still, we improved bounds by more than 1 order of magnitude.
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Statug of the limite on 1/ [meg+7 (mgg‘\

v-line searches
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Glashow Resonance

v

C.E., M. Gustafsson, T. Hambye (2015)
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Statug of the limite on 1/ [meg+7 (mgg‘\

v-line searches

... Higher sensitivity than in
Glashow stonanc? gamma-ray line searches

' . above 50 TeV masses:

advantage of L/ -astronomy!

C.E., M. Gustafsson, T. Hambye (2015)
IceCube (2011) .
—=== Fermi (2015) ]
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Statug of the limite on 1/ [meg+7 (mgg‘\

fy—hne searches

IIII’ T IIIIIII' T T T T 7177171
Glashow Resonance

C.E., M. Gustafsson, T. Hambye (2015)5
IceCube (2011) .
==== Fermi (2015) :

10° 10% 10° 10° 107 108
mDM[GeV]

Higher sensitivity than in
gamma-ray line searches
above 50 TeV masses:
advantage of L/ -astronomy!

. iParticularly interesting region

for the scenarios producing
neutrino & photon-lines!




Statug of the limite on 1/ [meg+7 (mgg‘\

fy—hne searches

Higher sensitivity than in
gamma-ray line searches
above 50 TeV masses:
advantage of L/ -astronomy!
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jParticularly interesting region
for the scenarios producing
neutrino & photon-lines!

C.E., M. Gustafsson, T. Hambye 2015).  E.Q.
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Question:

+ Can we hope to see a “double emoking™ gun with pregent gengitivitieg?
+ Can it be compatible with current CR congtraints?




cWhat to expect from the EFT approach for the decay into v/ + 7*

C.E., M. Gustafsson, T. Hambye, T. Scarna (1510.05008)

e DM neutral => loop suppression

. Slow decay => motivate EFT approach
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also by the choice of DMs quantum numbers.) /
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cWhat to expect from the EFT approach for the decay into v/ + 7*

C.E., M. Gustafsson, T. Hambye, T. Scarna (1510.05008)

e DM neutral => loop suppression

. Slow decay => motivate EFT approach
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Some reaulte ...

e By construction, these operators give at least the common decay
info I+ 7 => mono-energetic particles.

e Gauge inv. => always more monoE neutrinos than gammas (nu+z decay)

Operators with a F{/W F,//F7 - (:08219W =1.3

1
Operators with a Flﬁw F,//F7 = a2 O =4.3
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info I+ 7 => mono-energetic particles.

e Gauge inv. => always more monoE neutrinos than gammas (nu+z decay)

Operators with a F{/W F,//F7 - (:08219W =1.3

1
Operators with a Flﬁw F,//F7 = a2 O =4.3

— IceCube/HESS ratio’ K Scaling of 3body decays wrt
- T,/T, =13 |
2body decays: M2

""" I_‘V/Fy == 4.3
9 2
odmr=v 5

If available, 3-body decay dominate

the decay width of the DM at
masses > few TeVs.

i
mpm [GGV]




A [GeV]

1018

1017¢

10"}

1015

e Depends on the DM mass
E.q.

Dashed: CRs
-Plain: gamma line
Dotted: nu line

Excluded

= C (2b), dim 6

104
mMpM [GeV]

103

20

A |GeV]

(that ig aleo compatible with current CR congtrainte?)

e Depends on the effective operator
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So, in the end, can [ hope to gee a “double emoking™ qun?
(that ig aleo compatible with current CR congtrainte?) X P

e Depends on the effective operator
and DM field considered
e Depends on the DM mass
E.q.
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These are times for major improvements in neutrino-line searches.
They are now reaching gamma-line searches sensitivities in
a broad part of the parameter space.

Opens the way for probing ‘double smoking gun’ scenarios

We studied such a scenario, namely DM decay into UV + 7
using EFT.

Double smoking guns (for a decaying DM) could be seen in the
10-50 TeV DM mass range.

CRs induced by effective operators are a tool to help
discriminate among operators




iThank you for your attention!




Convolution with with the detector’s response function:

dN,, _ d(Pn+deg)a
dE,dQdE’dcos0’d¢’ —  dE,dQ Aeff,a I Deff,a

With a€{€7/’L7T7é7ﬂ77_-}
T the exposure time
E,, the ‘true’ energy variable
(2 solid angle
Defr,o the dispersion function
E’ the ‘reconstructed’ energy variable

(0", ¢") solid angle.

Flavour composition

and then integrate
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Recongtruction of lineg (@ different energieg
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E ffective Areag
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Deriving limite

A

TS — 2 ln E(nsig — nsig7best ;9)

E(nsig — MNlimit, 9)
(Profile Likelihood)

Keep DM lifetimes
that give TS < 2.71 (95% C.L.)
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Statigtical coverage

El Aisati, Gustafsson, Hambye (2015)
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Operator Prediction
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Other line-like features

Photons - - Neutrinos
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This type of spectrum can also be looked/searched for.
30




Some reaulte ...

cWhat about other Cogmic Raye?

They also provide upper limits on DMs decay widths.
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