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How to approach this topic? |U||g

* You’'ll hear a whole bunch of IceCube talks: In addition, we
have talks on DM

searches using
ANTARES, KM3NeT
and GVD

“Neutrino lines in DM searches” - Juan
“Dark Matter Decay and Annihilation to Neutrinos” - Diyaselis
“DM Searches in the Galactic Centre with IceCube® - Nadege

“Decaying Dark Matter at IceCube and its Signature in High-Energy
Gamma-Ray Experiments” - Barbara
“DM from the center of the Earth with IceCube® - Giovanni

* IceCube has published a few papers on the topic Yc;u'lltbe htea)ringalot
about neutrino
* =~ 20 Published analyses detectors and

probably be bored by
the question:
,What is IceCube?”

= 24 PhD thesis on the topic
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Introduction Choosing IceCube Analyses

What is IceCube? T

M hot hits f Main difference between Eur. Phys. J. C 81, 1071 (2021)
easure oton NIts Trom . . . ! .
5 ch kp <cion b water and ice detectors: STRAW, Cascadia Basin,
-1 erenkov emission oy this Work
, OPTICAL PROPERTIES
energy losses from neutrino KM3NeT, ACO. I
. G. Riccobene et al., Astropart. Phys., 2007
_4a00 : secondaries _ KM3NeT, LAMS,
: E E.G. Anassontzis et al., NIM A, 2008 I
=) {T Lake Baikal,
XQ’QQ E 10 4 I ¥ } V. Balkanov et al., Applied Optics, 1999 |
=} - I "clearest natural water”
8 T Smith & Baker, Applied Optics, 1981
,\,‘390 % 20 A . : rg i
z = = '
R
A0 w4 = L
=
J DeepCore
/LQ
A
Q T .
; : 550 6 :
'1?‘2 As an approximate rule of thumb:
EINOES ' Wavelength '
IR Some facts: avelength [nm] REECEETTWTSICE

y Located at the South Pole e 150 m Attenuation length

5160 Digital Optical Modules (DOM:s) IceCube dges not have to
86 Strings with 60 DOMs contend with K40 decay or

* 30 m Scattering length

* Inwater:
* 30 m Attenuation length
e 150 m Scattering length

: ' i |
6 denser strings called DeepCore bioluminescence!
Complete since 2010
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Performing a DM analvsis using IceCube | ||]||‘

lceCube

Or any other

. 7
Is IceCube right for WHAT ARE YOO LORKING ON'2 neutrino telescope...

you? TRYING TO FiX THE PROB
CREATED WHEN I TRIED To Fix
THE PROBLEMS I CREATED \JHEN
— No? I:" ICREHTED“HB‘*“'

/

https://xkcd.com/1739/

Are you:
* Producing neutrinos?

Good job!

Proceed to
step Il

e Scattering neutrinos?
* Removing neutrinos?
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Introduction Choosing IceCube Analyses

Performing a DM analysis using lceCube || Tl'm‘

IceCube
Go back to

Is IceCube right for

you?
step |
Let’s talk energy!
WHAT ARE. YOU WORKING ON?
- mmwmmﬁ%m”
Work ahead! CREATED WHEN I TRIED TO Fix
, THE PROBLEMS I CREATED \JHEN
50, you've changed LTRIED T FX THE PROBLEMS
the neutrino 1GeV<E<10GeV? L T CREATED LHEN....
spectrum somehow. /
Now we’re
talking! x
10 GeV < E? Proceed to https://xkcd.com/1739/

step Il
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Choosing IceCube Analyses

Introduction

Perfor

lceCube
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Performing a DM analvsis using lceCube |l |U||g

Excellent!
Proceed with
analysis

Is IceCube right for
you?

Diffuse? —

Let’s talk location!
What type of source Is it in the Maybe a combined analysis
are we talking south? mal  With KM3NeT, ANTARES,
about? : GVD or P-ONE?

Not diffuse? [ —. Is it in the — Proceed Yvith
north? analysis
South
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Choosing IceCube

The main background(s) - Sources LTI ’

—u —Conv —Prompt —Astro
1072
* A DM analysis will have two . Vas
main backgrounds* &
E 10—6_
T
S -8
* The atmospheric background % 10

* u—For down-going searches* 107195,
* v —For any type of search below 100 TeV*

. . . uand v
The diffuse astrophysical background reach the

° — 3
v — For searches above 100 TeV detector ||

IceCube

*In General: There are specific

searches where these rules of
thumb don’t apply
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lceCube

Introduction Choosing IceCube Analyses

The main backeround(s) — Treatment |

- =—Conv =-—Prompt =-—Astro

. -2
This depends on the type of 10
S. I t: — For diffuse analysis
V->IgNnal you expect: l 10-4 this makes things....
. n | challenging
* Diffuse? z
. 2 g
Southern Sky- E 10-6l Only one
-> | think you’re lost > background*
* Northern Sky? O, ‘
Sk 107%
* What’s the spectrum? N
* Non-diffuse? “10 . ]
. Good choicel 107702 10° 10° 10°
* What’s th t ? *In General
ats the spectrum —— If it isn’t a power-law,

you’re one of the lucky
ones!
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Choosing IceCube

The main background(s) — Treatment |l T

Two Examples:

T T T

v i —— my = 10" GeV
—~ 102} s ———— My = 102 GeV |
| Hs m, = 10" GeV
! -
- —— + SKu,
o /,i = IceCube v,
= 1074t At
5 i
= Your signal isn’t a
<) power-law
= 106+ / } 3 : :
= 10 I f’ 1 * Your signal isn’t
3 | §it? diffuse
o~ , :I "I'*+
105} : +-
107! 10! 10° 10°

E, (GeV)
Rev. Mod. Phys. 93, 35007 (2021)
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Introduction Choosing IceCube Analyses

One Final Thin

lceCube

There are two main* types of neutrino signals: Tracks or Cascades *'gr;‘;f;gf

Detector The choice on what to
use depends on what
you want

Detector

Cascades Tracks

Ve + NCDIS v, CCDIS v,

v’ Better energy resolution
v" Smaller background (x3) Combination is challenging v’ Directional Reconstruction

v’ Larger Signal (x3) x Energy reconstruction

% Directional Reconstruction
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So, what tvype of analvses do we have? |U||g

See the
bibliography
for examples

DM-Nucleon
Interaction
Annihilations
Sun /Decays

Galactic Halo

Earth

So what is

currently in
the works?
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Analyses

Current Analyses | LTI

Last year’s ICRC contributions:
https://arxiv.org/htm|/2107.06966

» “Search for Secluded Dark Matter with 6 years of IceCube Data” — Christoph Toennis, arxiv:2107.10778

* “Asearch for Neutrinos from Decaying Dark Matter in Galacy Clusters and Galaxies with lceCube” — Minjin Jeong, arxiv:2107.11527

* “Search for Dark Matter from the Center of the Earth with 8 Years of IceCube Data” — Giovanni Renzi, arxiv:2107.11244

* “Indirect Searches for Dark Matter in the Galactic Center with IceCube” — Nadege lovine, arxiv:2107.11224

* “Constraining Non-Standard Dark Matter-Nucleon Interactions with IceCube” — Lily Peters, arxiv:2108.05203

* “Dark Matter Neutrino Scattering in the Galactic Center with IceCube” — Adam McMullen, arxiv:2107.11491

» “Searching for Dark Matter from the Sun with the IceCube Detector” — Jeffrey Lazar, doi: 10.22323/1.395.0020

Contributions here:

* “Neutrino lines in DM searches” —Juan A.Aguilar

* “Dark Matter Decay and Annihilation to Neutrinos” — Diyaselis Delgado Lopez

* “Decaying Dark Matter at IceCube and its Signature in High-Energy Gamma-Ray Experiments” — Barbara Skrzpek
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https://arxiv.org/html/2107.06966
https://arxiv.org/abs/2107.10778
https://arxiv.org/abs/2107.11527
https://arxiv.org/abs/2107.11244
https://arxiv.org/abs/2107.11224
https://arxiv.org/abs/2108.05203
https://arxiv.org/abs/2107.11491
https://pos.sissa.it/395/020

Current Analyses |l LTI

“Searching for Dark Matter from the Sun with the IceCube Detector” — Jeffrey Lazar, doi:
10.22323/1.395.0020 ~ Offers world leading

m— This work bb .. _
" e limits for the W+W
— PPPC —— Xarov (PYTHIA) 10_37 === 1IC 2016 m— W + |
—— Xarov (BRW) WimpSim T+T_ and T T Channels d
100 bb, m, = 10°GeV bb, m, = 10°GeV » bb, my = 10*GeV I C b W k . P
. F DM can be ceCube Work In rFrogress
s captured in 10738
= N
= \ the sun after
=10~ < .
scattering off =
e D Dy nuclei z
0.2 u.j B E'i'l)(,»"‘ 0.8 1.0 0.2 (l,i B E,l,];:n\ 0.8 1.0 0.2 ni B E.‘,))(;u\ ‘i' 10_39
o WHW=, m, = 102GeV WHW=, my = 10°GeV WHW=, my = 10 GeV [al--
0.5 L w0 >
‘:lu—
-;f 0.3F 10_40
‘g:n'l- it \
0.0=33—"01 .U:G 0810 07 03 _nfﬁ 41
wBymg W Tested different signal 10

generators
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Introduction Choosing IceCube Analyses

Current Analyses |l LTI

“Constraining Non-Standard Dark Matter-Nucleon Interactions with IceCube” — Lily Peters,
arXiv:2108.05203

Operator 1 isoscalar Operator 3 isoscalar Operator 4 isoscalar

ceCu}t‘e E"reliminary
10¢ Y
% I“
i W

Assume effective non- e ] e N TS
relativistic DM-nucleon ' : R
interactions

Operator 11 isoscalar . Operator 12 isoscalar

Captured DM then wi N\ \\

decays to observable

10- 107
10!
t . 1077 101 109
10! 107 107 10t
M, [GeV]
Operator 14 I 1ca]
101 10
—102] S\ 10
g X
3 RN
—_— 10UI »,
by 5
108
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https://arxiv.org/abs/2108.05203

Introduction Choosing IceCube Analyses

Current Analyses |V

TUTI

lceCube

“Search for Secluded Dark Matter with 6 years of IceCube Data” — Christoph Toennis, arxiv:2107.10778
dN

= Ccap — CannN 2

dt
Sun e, b T-- Amaesvovw ] 0 DTS
i 10_39 | — IceCube,V — 171" o
. E - - HAWC4year,V -ttt g
mediator decays — . \Y H -~ FERMLV -t G
—40 B i
9 Y . 10 ; IceCube preliminary —g
DM ann. v ‘s -~ .
Q _\ N
_8'10—41 e -
© = % =
10—42 ; A
Ass.ume DM annihilates o-5L Equilibrium Breakdown N
into a metastable - Ll L1l L 1 11111
mediator 10° 103 10* 10°

Mpwm [GeV]
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https://arxiv.org/abs/2107.10778

Analyses

TUTI

Current Analyses V

“A search for Neutrinos from Decaying Dark Matter in Galacy Clusters and Galaxies with IceCube” —

Minjin Jeong, arXiv:2107.11527

+75°
+60° Hesa Min e
+45° < rs:(_ N7 rsa Majorl )
Draco X~ o
+30° ' : -
Coma  Coma Berenices
+15°
Bootes | X @ ¥ Seguel
24h Virgo  jeo|
—1.5:° \ Galactic Center

Most of the sensitivity

comes from Virgo and
Andromeda

3/28/2022

| Perseus

IceCube work in progress

X - bb

IceCube (sensitivity, M31)

IceCube (2018)
HAWC (dSphs, 2018)
HAWC (GH, 2018)
HAWC (M31, 2018)
Fermi-LAT (GH, 2012)
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https://arxiv.org/abs/2107.11527

Introduction Choosing IceCube Analyses

Current Analyses V|

TUTI

lceCube

“Dark Matter Neutrino Scattering in the Galactic Center with IceCube” — Adam McMullen,
arXiv:2107.11491

1.0 1 5
> - 10° GeV
E 08 14°£ 10_21 = IceCube Sensitivity
= 200 . AR 000 - XENON10:DM-e
.8 -~ (O -=== XENONIT:DM-e
et ' o 5150°-120° -90° -60° -30° 0° 30° 60° 90° 120° _ ]()—25] ~ - SENSEIDMee
a I N < XENON10:DM-n
o Y Q s | XENON1T:DM-n
_2 60 g ~— 99 - SENSEL:DM-n o
E 0.2 1 0 ,5 1071 — | T
(‘% 20 §
0.0 n
; ; ; ; h 1033 ‘\
10° 104 105 106 107 é 10 3
Energy(GeV : : 5 S o
gyiGev) High energy neutrino © . i o=
. ek \\\\*\
flux is attenuated and 10 N
Assume neutrinos and observed as a deficit IceCube work in progress T —
DM couple . 10-7 10-5 10-3 10-1
-> elastic scattering Dark matter mass (GeV)
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https://arxiv.org/abs/2107.11491

Introduction

C

urrent Analyses V|

Example plots of what you’ll see here:

Spin Independent WIMP-nucleon cross section

10—38 _ = This analysis, 90% sensitivity
1 IceCube work in progress —— ANTARES 2017, 90% C.L.
= Super-K 2018, 90% C.L. preliminary
10732 5
10_40 E PR SE——
] T
~ R
E _ _nN ~
Y —-41
a3 1073 —
o ] - e
10742 3
-43
10 E (OAV)=3-10726 cm3s1 —_— T
1 XX—=W*Tw-
| — xx—»bﬁ
10744 5
e T LI | LI |
10! 102 103 104
m,/GeV
3/28/2022

(oav) [cm3s™1]

TUTI

ANTARES limit [PLB (2020) 805:135439]
— == |ceCube limit [EP)C (2017) 77:627]
- Combined ANTARES/IceCube search limit
- |C86 8y GC DM search sensitivity (this work)

lceCube

10—21 .
10—22 .
10723 4

10724 4

NFW -tt1~

IceCube work in progress

10—25
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Introduction Choosing IceCube Analyses

Current Analyses VIl T

— =+ ANTARES limit [PLB (2020) 805:135439]
===« |ceCube limit [EPJC (2017) 77:627]

- Combined ANTARES/IceCube search limit
= |ICRA Rv (C NM <earch sensitivity (this work)

lceCube

Example plots which you’ll see here:

Spin | NFW-T*T1~
10-38 4 !
E IceCube wc 102 4 o TeeGube-HE GRAND
l\'\“‘\l'l’, ___________ et
T /'/ oA Lo-—-— MR eesStEa e T
10739 5 PARES 257 ~
] 10%7 4 e s AUGER
10740 3
N ] 10%4 A
£ 1 I L
Ly:'-g 10741 4 = JUNO
5 ] 10% ] Cube work in progress
10_42_; KamLAND E: '02 T 163 T ”]'.04
] Borexino
] 102! 4 E 'DM [GEV]
i 2
10743 3 B
] 10"
-44
10 T 103 10°
10! my (GeV)
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CRRE RN
L@@/

Conclusions : » ; LTI &

IceCube of{e?a r|ch a‘rd drveiseﬂa‘ette ; D?‘!}'f'\/g'?‘fer a d _

studies kR i ' Hii .k A
* DM anmhllatlon and decay has: \Ze!y littlg bac f f? A o .
. Neutrlno telescopes offer compllmentary studles to Gamma Ray,

Cosmlc Ray, and colllder experlments I ;g ;_; .;,,;; L] e

. Results il only i |mprove W|th exposure tlme as weII as ’the IceCube
upgrade and Gen- 2I ' - | | . |

* Many exutmg DM searches in the plpellne'

; Image: IceCube Collaboration
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