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< 1K
Beyond standard model searches in IceCube

partially

fundamental charged

particles

EWYE

Indirect detection
new physics influences

Direct detection
lceCube detects what

oropagation/development of - reaches the detector

dark matter

particle fluxes - induces light production

exotic source of particles in ice

contributes to particle flux magnetic

monopoles

V inter- Q-balls /

... and many more (not

actions nuclearites

even thought off)

... and many more

Advantages to use v-detectors for exotic physics
large detector volume
for indirect detection: high statistics

sollmann@chiba-u.jp for direct detection: few conditions on particle properties 4



Dark Matter search strategies

Direct detection

- not “standard” WIMPs in |C but
Indirect detection - exotic extremely massive, highly ionizing particles

— working on some interesting candidates like Q-balls,
nuclearites, ..

Indirect detection

No need of specialized detectors, instead use: neutrino/
gamma ray/cosmic ray telescopes

Focus on large reservoirs of dark matter
production at colliders - celestial bodies: Earth, Sun (only with neutrinos)

- galactic sources: halo, center

- intergalactic sources: dwart spheroidal galaxies, galaxy
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No need of specialized detectors, instead use: neutrino/
gamma ray/cosmic ray telescopes

Focus on large reservoirs of dark matter

production at colliders

Juan A. Aguilar

clusters
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- celestial bodies: Earth, Sun (only with neutrinos)
- galactic sources: halo, center
- intergalactic sources: dwart spheroidal galaxies, galaxy
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Dark Matter from the Sun

e DM from galactic halo gravitationally
bound in potential of body

e weak scattering off nuclei in Sun
decelerates DM towards center = Oy,

* DM self-annihilates at center with SM
particle emission = different spectra (only
of neutrinos)

* neutrino rate & energy at detector
depends on

DM mass & annihilation cross section

DM halo density spectrum

pollmann@chiba-u.jp
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Dark Matter from the Sun o T

Expectation / Model:

[ Bkg pdf
1 Signal pdf

my =10 GeV
XX — bb

Analysis strategy: -

©
o
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- use low energy sub-detector DeepCore

Probability
o
o
w

- use standard lceCube as veto

- distinguish muon tracks and cascade-like
signatures o |:

: : : o 0 25 50 75 100 125 150 175
- reconstruct direction (angular resolution 5-35°) vI)
Observation

- unbinned LLH
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Dark Matter from the Sun ooy e 0

Analysis strategy:

- use low energy sub-detector DeepCore T
- use standard IceCube as veto 10-38| 110-2
- distinguish muon tracks and cascade-like ; :
signatures 5 41073 <
L . : E
- reconstruct direction (angular resolution 5-35°) = : 5. —: PICO-60 2019
e A ‘5% ==- Super-K 2015 1T

- unbinned LLH

104 Super-K 2015 bb _
ANTARES 2016 bb
- .. ANTARES 2016 77
—— IceCube 2021 T
102 IceCube 2021 bb
“]l_l(l)l L ---1-(|)2 L1 —— IceCube 2021 vv

m, [GeV]
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Publication in Preparation

Neutrino lines from DM

Analysis strategy:

1
- focus on annihilation / decay into neutrinos (0,4v), —
T
- no background ! 4 4
Energy
- 5 years of data up to 40 TeV resolution
- cascade events with energy resolution of
approximately 30%
Astrophysical m){
processes o« E~7
Juan A. Aguilar
pollmann@chiba-u.jp 9



Publication in Preparation

Neutrino lines from DM

Annihilation Decay
HESS 95% C.L. (Einasto) [PRL 117 (2016)] Fermi-LAT 95% C.L. [AP) 761 (2012)]
Fermi-LAT + MAGIC 95% CL (dSph) [JCAP 1602 (2016)] HAWC 95% C.L. (dSph) [AP) 853 (2018)]
—— IceCube Tracks 90% C.L. [EPJ C77 (2017) 627] - = |ceCube 90% C.L. (Burkert) [EPJC 78 (2018)]
—— Combined ANTARES/IceCube 90% C.L. [PRD 102 (2020)] —e— IceCube Cascades 5 years
ANTARES 90% C.L. [PLB (2020) 805:135439]
—&— |ceCube Cascades 5 years 1028
10-21
022 . IceCube Preliminary 1027
‘_*CIJ 10-23 1026
oe 0
E 10724 _ 10
N l\
S 10%° 1024
~
1077 xx— 77, NFW 1023
9 X — T i T . NFW
27
107 101 102 103 104 10° 1022
1 2 3 4 5
m,, [GGV] 10 10 10 10 10

m, |GeV
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Quantum Gravity

- neutrinos from distant sources
oscillate into other flavours

- space-time defects might have
directional dependence

- flavour ratio at Earth might deviate
from expectation

11



Quantum Gravity

— N 0.0
ol6) 2 — - ~
O Cap EP 1 0 Standard Scenarios
. (6 2
Analysis strategy: O ¢, bp=1 (1/3 : 2/3 : 0), + New Physics
. J
. . (..
- neutrino energies up to 2 PeV 0.8
Contours |
: : 0.3 I New Physics l
- trace oscillation from source to === 68% C.L. . —
Farth == 95% C.L. . ¢y (1:0:0),
, e 52(1:0:0)5
- no new physics = expect approx N
o(6) PR
1:1:1 at Earth Cpp (1:0:0)
: : — & (0:1:0),

- increasing the strength of new b ~
physics leads to extreme ratios at G (1:0:0),
Earth a— Cifi (0:1:0)

- » o(6)
)0 w— c__(1/3:2/3:0),
00 01 02 03 04 05 06 07 08 09 1.0 L )
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Quantum Gravity

| New Physics ) ( Key ) .
I
s R 20 mmmm Re o(6)
©(Cee ) (Cyr) : AN\ Re(o(ﬁ)) atm. limit (90%)
wemn Re( 0(6)) Re( 2 | o(6)
© o) | —_— logm( 2B % Pl) =0
. . _— Re " | —] Re(C )
Analysis strategy: \ (Cer) | )
- describe new physics as higher ' N ‘\‘\\ \\\\\\ |
dimensional additions to NN \\\ ' Bayes Factor > 10
_____ —_— Bayes Factor > 31.6

Hamiltonian '
- dimension 6 has strongest
exclusion limits

0.0 0.2 0.4 0.6 0.8 .0
x, source flavour ratio (z : 1 —z : 0)g 13
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Magnetic monopoles

http://sse.rcj rgem R/ 1edlia/87
49/maq_iron_filings-full-siZ&2.¥ng

James Clerk Maxwel|
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http://sse.royalsociety.org/2015/media/87
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Magnetic monopoles N
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Field of a magnetic monopole
(analogous to the end of a solenoid)
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Magnetic monopoles N

K

Field of a magnetic monopole
(analogous to the end of a solenoid)

http://sse.roy o6 ol % v o) 88/ edia/87
49/ma_iron_filings-full-siZ8¥hg

predicted by many BSM
theories

e isolated magnetic charge
(~n x 68-¢e)

* massive (up to 1077 GeV)

e slow or relativistic

* |ow flux possible

* highly ionising
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Signature of Magnetic Monopoles

searches for distinct signatures

Neutrino
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e slower than speed of light |
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Slow monopole | & Noise
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Fast magnetic monopoles

* astrophysical neutrinos as

ba Ckg ro u n d @@ IceCube 2014 DC 1y ANTARES 2021 9y B B IceCube 8y Sensitivity
BAIKAL 2003 5y @—® IceCube (40 strings) 2015 mmm  JceCube 8y
— MACRO 2002 —-e IceCube 2015 1y == JceCube Ty
— ANTARES 2017 5y
" |
* searching for R A = . T

homogeneously bright

tracks

N

 use variables which describe
the topology of the

signature in a BDT o 10w

5 : : ICRC (2021) 534 :

1020 _ ________________________________ IceCube Preliminary | ICRC (2021)1127

* no events found ~ N ! ° 1
logyy 0
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Luminescence of water and ice

» few previous measurements
* conducted laboratory and in-situ measurements

* measured properties are sufficient for use at
neutrino telescopes

, Radiation type: _ —_— —
10 B ! ! T ! ! ! ! T ! ! ! '
: tPreliminary | | | | I :E -
[ Steen | | < o
1972 SPICE 2019 = ~
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— I T - Wuppertal 2017, | - | | | I
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. u Rami
10-t | | Lines: Sf‘at'St'F_?"_ uncertainties | Trofimenko |
; I lShadels. systematic uncertaintiegy | 1992 '
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lceCube Upgrade

Construction

-/ new strings & > 100 sensors o0

- construction austral summer202% — 2025 ? (Covid Impact)

Objectives: Fa . A Ky

- Unprecedented sensitivity to atmospheric neutrino g : Voo s
mixing parameters and neutrino mass ordering ,l o .0 )
extend to lower energies . @ . L0

+ Detailed calibration of ice properties ‘e’ ® |

+ R&D for IceCube-Gen?2 ) . - |
Advantaeous for low energy BSM searches A 7m 9

~ ”
.M(ﬂncerry - . -~':' . i | il j N ]OOm -7
e | ] S|mulated V megev RAE D - -
Zon lthAzum,h(GSS 200.3)deg 1.t ) ®.5,2%.3) | - P
Vertex: (1 17.- :1,-274.2) m T 9925 73 it ] = e
ime; .778ns . |, | s , mq I - ot S -
\ - e LI I Energy: 3.8 GeV ¢ | _ .,.:zs,-:s_ AR |
. : - bl ! Specc: 10000 | | Bl i LERBH e M4 |
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3
—0—CY0—0—0—0 00—
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1450m  2100m  2150m
lceCube  DeepCore  Upgrade S 4 .
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Instrumented Depth

CURRENT -~ - @ | UPGRADE
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Summary

e |ceCube is

- the largest instrumented detector on Earth

- a multi-purpose detector (covering.neutrino
physics, Cosmic rays, astronomy, particle
physics, beyond standard model physics,

glaciology)
 Main results

- first detections of astrophysioal neutrinos

- first eV|denoe for an astrophys1oa| source of |

neutrlnos

Ieadlng senS|t|V|ty for many models predloted

beyond the standard model
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