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Outline

lceCube high energy astrophysical neutrinos

- Dark matter-neutrino interactions

+ Scattering of diffuse high energy neutrinos propagating
through dark matter

+ Analysis method

-+ Upper limits and cosmology
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High energy cosmic neutrinos: Discovery

2 [ PR oy * |ceCube discovered
SClenCe neutrinos with astrophysical

origin in 2013.

| B ] ~ » Since the discovery lceCube
i 1] . has been observing cosmic
| s b | | neutrinos continuously:.

e Source of HE neutrinos still
unknown.
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High Energy Neutrinos: flux properties

ICECUBE PRELIMINARY
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- 54 Events in 4 years.
Events spatial distribution compatible with isotropic
hypothesis.
No correlation with Galactic plane.

- Event distribution suggests extragalactic origin for the
majority of the events.
Flavor ratio is consistent with 1:1:1 ratio. arXiv:1510.05223.
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Dark matter neutrino interactions

DM annjhilation near Weak Scale: WIMP Miracle

v

DM-DM — SM-SM| «-++-» SM-DM — DM-SM |

basis of direct underground DM
Vv experiments searching for DM-q

DM-V Interaction motivated by light DM scenarios
and appears e.g. In models where dark matter Is
sneutrino.
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DM density is largest in center of the galaxy.

.J" il 'DM-v interaction will result in
et > e ' ~ scattering of neutrinos from
et - extragalacticsources, leading to

anisotropy of diffuse neutrino flyx.
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Simplified models of interactions

DM particle mediator couplings
e - e v 9x
scalar scalar scalar/scalar

fermion/scalar

>. . fermion/vector

fermion fermion
2
g
Ve Ve UVa Ua e W
Vector scalar/fermion
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Neutrino-dark matter interaction

jﬂuxloss
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Dark matter density and high energy neutrinos

jflux gain

| Integrated column density

DM profile: Einasto
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Analysis method

Full Unbinned likelihood based on IceCube’s event energies and
arrival direction

logE({tEf}h? Zlog > P, B, B)P(t|f, E)p(E, b, 1]0)

N : : : f=e T .. ' ."'A |
fopology| = & probability of an
N & o °'.< event yielding
energYl L model < — observed topology
| , | astrophysical-ness f f
orrival | [parameters events f
direction

We establish a limit based on Markov Chain Monte Carlo search of
the parameter space of each interaction model: DM mass,
mediator mass, and the coupling strength.

The model dependence of the likelihood thus comes from the
directional backscattering with respect to the isotropic hypothesis.
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Cosmological constrains

Cosmological limits on the DM-v scattering cross section are
obtained for two forms of the low-energy cross section:

constant with temperature  ooonst. < 6 x 107! ( g; ’{/) cm?

2
Gz 2 D5 107 ( M ) <£> cm?

proportional to T? GeV/ \ Ty

T, = (A TP B = 195K cosmological neutrino temperature today

average energy per neutrino in a
(B e T Fermi-Dirac distribution

arXiv:1505.06735

If the cross section is proportional to E?, then the we
could look at high energy regimes to constrain the
parameter space.

Ali Kheirandish (UW-Madison) Constraining DM-V Interaction with Cosmic Neutrinos ICHEP 2016



Scalar DM, Scalar Med. -«

our bound
Scalar D:\I. Scalar I.\-Iodiator |

(S

cosmology+our bound

Scalar DM. Scalar Mediator

0

logmg (GeV)

—4 -3 -2 —1 0 1

log-mx (GeV)

low energy limit: o ~

o' T 3 > 1 0 1
log m, (GeV)

Ali Kheirandish (UW-Madison) Constraining DM-v Interaction with Cosmic Neutrinos ICHEP 2016



Scalar DM, Scalar Med.-

Scalar DM. Scalar Mediator
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Fermion DM, Scalar Med. N
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Fermion DM, Vector Med.

our bound
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Scalar DM, Fermion Med. \ /
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Summary

Dark Matter-Neutrino interactions are motivated In

beyond standard models.

- The discovery of high energy cosmic neutrinos allows us

to investigate DM-neutrino interactions.

- The upper limits found on the model parameters are
stronger than cosmological constraints in parts of the
parameter space.

- Observation of more events would provide stronger
constraints, and allow for discovery of this interaction for

large part (low DM + med mass) of the parameter space.
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Fit of Power-Law Spectrum
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® update of v, 4+ v, search (“IC tracks”)

-» mild tension with cascade-dominated samples: indication of spectral features?

[PRL 115 (2015) 081102; arXiv:1607.08006]
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lceCube HESE (4yr)

e High-Energy Starting Event (HESE) sample: [lceCube Science 342 (2013)]

e bright events (Eyw = 30TeV) starting inside IceCube
o efficient removal of atmospheric backgrounds by veto layer

e 54 events in about four years: T e
7 = g Te Super-Kv
[lceCube ICRC’15] P i o, W g
~ 1026 ) 8 m Fréjus v,
e 39 cascades events E F D, o Fréjus v,
; 10_3:_ o T N L@,)/ AI\?IAIEDA vy
= N : ¢}
* l4track eYents (.3. - /)‘@%. B F*T/OOQ y %‘Jor}vearlc??olding
e 1 composite event (removed) >107F % e N\ IC-40 v,
S = 2 N, N o 1ynfoldlc?? d
°I:|.I> s ® X :\ orwara rolding
» expected background events: 10°F | 1c-79/DCw, 2N T HESE (4yr)
e 9.075" atmospheric neutrinos 107
e 12.6 £+ 5.1 atmospheric muons ok %mp,vﬂ )
o best-fit E~*-flux 60TeV-3PeV (6.50): 107k
_ GeV _9:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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High Energy Neutrinos: Samples

High Energy Starting Events
whole sky, 4 years, all flavors, veto
- Through going tracks
northern sky, 6 years, muons
Medium Energy Starting Events
whole sky, 2 years, cascades, veto

Global Fit
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Less complete

Dipole
Interactions

“Sketches of models”
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Dark Matter
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Interactions
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Universal
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Dimensions
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Higgs

Abdallah et al 2015



DM profiles

- NFW ‘

_ 1 Einasto |
o 10" NFW, E
5 0
= 10° -
GJ ______________________3 ___________________________
(2. . Py = 0.4 GeV cm

=107 -
&
Q

1072 W

r, = 8.5 kpc
-3 L e o
100.1 1 10 100
r [kpc]
arXiv:1503.07169

Ali Kheirandish (UW-Madison)

Constraining DM-v Interaction with Cosmic Neutrinos

ICHEP 2016



10! fermion DM-scalar Med.: m, =1e-07 m_, =1e-06 102 fermion DM-scalar Med.: m, =1e-07 m_ , =1.0

10 : 23 3
TS I S— 108 6,9 =55 e N R B 2
‘ 0 Lo e — log g,9, =3.0 |

UVXnDM / UVan

Energy [GeV] Energy [GeV]

Fermion DM. Scalar Mediator

1018 fermion DM-scalar Med.: m, =1.0 m, =0.1 0.0
17 - |
1016 I log 9,9, =4.0
10 | —0.5
_—10
=
)
S
. —1.5
g
o0
= 20 2
-3
—2.0
—4
Energy [GeV] T 65 60 55 50 15 -

logm, (GeV)



1016 fermion DM:vector Med: m, —1e 08 m, =1e 07 __
0 L log 9,9, =-9.0 |]
""""""""""""""""""""""""" | = logg,g, =-10.0
i % b o log g,9, =-8.0 |
S I f
13
§“ 10 T e =
= i
12
:2 10 e -
N
S oL 4
1000 Lo — 4
10° X '
10° 10* 10° 10°
Energy [GeV]
1014 ' fermlon DMI -vector Med m., —1 0 my =0.1
""""""""""""""""""""""" — log g,9, =1.0 ;
- 1 i log 9,9, =3.0 —
S ]
11
e S
= i ]
10
gi 10 e ;
N - -
L i H i .
108 b — .
10 Ll '
10° 10* 10° 10°

Energy [GeV]

1038 'fer'mi'or} I?M:\l/ector Med m, —le 08 my —O 1 __
""""""""""""""""""""""""""" | — logg,g, =10 E
- 10 Eo T log 9,9, =3.0 .
S [
=3 L ]
N 5
= s ]
34
STO™ B 5
§< 5
© 103 Lo ]
102 T — ]
10°! 1 .
10° 10* 10° 10°

Energy [GeV/|

Fermion DM, Vector Mediator

-8 -7 —06 -5 —4 -3 -2 -1 0

logm, (GeV)



10" scalar .DM'fe}“.I,nion Med.: m, .:.0.‘(.)901 my =001 102 scalar DM-fermion Med.: m, =1e-07 m, =10000.0
s — _ o T = naaa L S L L
}814 log g, 9, =-8.0 o Lo U log g,9, =3.5 |
102 oo Lo — logg,9, =25 ]
10
T 17
15
5 19 = 101
< 10 =
5 10’ o 10"
6
10 10°
10
10% b - 10
103 L L L1l l l 1l L L 1 105 f f TR | i i T | ' ' L1 L1
3 4 5 6
102! scalar DM-fermion Med.: m, =0.0001 m_, =100.0 ' _
AL AR T 20 Scalar DM, Fermion Mediator
oL log 9,9, =4.0 ||
— log g,9, =3.0
1087 b - 1.5
— log g,9, =5.0
T
: B
10
2
@
05
S
on
= 00
—06
—0.5
-8
Energy [GeV]
—1.02 10

5.0 —4.5 —1.0 —3.5 —3.0
log m, (GeV)



1025 scalar DM-scalar Med.: m, =10.0 m, =1000.0 107 scalar DM-scalar Med.: m, =1.0 m, =0.0001

T 7777777777777777777777777 log 9,9, =13.0 | 10°
T - — log g,9, =12.0 |
=100 oo e
S |
b§“ 107
~
2108
I
b§< 1013
1011
10° | ‘
10’ N BN
10° 10* 10° 10
Energy [GeV] Energy [GeV]
108 scalar DM-scalar Med.: m, =0.0001 m_, =10000.0 1 Scalar DM, Scalar Mediator
0% Lo o log g,9, =12.0 |
oL ,,,,,,,,,,,,,,,,,,,,,,,,, — log g,9, =11.0 |_

>

o

<

S

20

e
-3
Energy [GeV] —6
-9

| _.3 9 -1 0 1

log m, (GeV)



