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Neutrinos in the Multimessenger Era

> Unknown origin of (ultra-high- » Neutrinos are ideal smoking-gun
energy) cosmic rays messengers of cosmic-ray sources

Gamma rays

They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms.

particles that point to their
sources and carry information
from deep within their origins.

They are charged particles and
are deflected by magnetic fields.
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Multimessenger Observations

» Diffuse observations of GeV
gamma rays, TeV-PeV neutrinos,
and EeV cosmic rays

» Similar energy budgets

» Sources are likely linked!
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[M. Ahlers, invited seminar, 16 October 2020]
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https://indico.iihe.ac.be/event/1372/attachments/1869/2204/Ahlers_Brussels2020.pdf

The lceCube Neutrino Olbservatory

» 1 km3in-ice detector at the South Pole | e ik
» 5160 digital opfical modules (DOMs)
» 86 strings with 60 DOMs each

» 6 denser DeepCore strings

IceCube array
86 strings including 8 DeepCore strings
5,160 optical sensors

; | ! AMANDA Il array
1450m —— ’ { i (precursor to IceCube)
1 Hi sERIWS

» 1 km? IceTop surface array (324 DOMs)

DeepCore
8 strings, spacing optimized for lower energies
480 optical sensors

PMT Base

Board PMT
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[JINST 12 (2017) PO3012]
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https://arxiv.org/abs/1612.05093

Detecting Neutrinos with lceCube

» Neutrinos can intferact with » Secondary charged particles
the ice surrounding IceCube produce Cherenkov radiation

Track Cascade Double Bang
v, charged-current v, (v;) charged-current & all neutral-current v, charged-current at highest energies
Good angular resolution, < 1° Good energy resolution, ~ 15% First v, now observed! [arXiv:2011.03561]
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https://arxiv.org/abs/2011.03561

Neutrino Astronomy with lceCube

» Observed diffuse astrophysical neutrino flux The sky in 7.5 years of

astrophysical neutrinos
+75°

» Origin remains largely unknown
» TXS 0506+056 is only neutrino source identified so far
» We actively search for neutrino sources +30°
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https://arxiv.org/abs/2011.03545
https://science.sciencemag.org/content/361/6398/eaat1378/
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lceCubeAR Application

-

» Watch event displays on your phonel
> Includes the classic muppets (Bert, Ernie,...)

» Live notifications from our realfime alert sfream
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https://itunes.apple.com/WebObjects/MZStore.woa/wa/viewSoftware?id=1533578432
https://play.google.com/store/apps/details?id=edu.wisc.icecube.icebear
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Multimessenger
Astronomy

»We can do a lof with this
“strange blue box™!
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https://icecube.wisc.edu/outreach/rosie_gibbs

Giovanni
Renzi

» 7 yrof data >

Earth WIMPs

XN

All v flavors

Spin Independent WIMP-nucleon cross section

10738 § . = This analysis, 90% sensitivity
IceCube work in progress — __. ANTARES 2017, 90% C.L.
==+ Super-K 2018, 90% C.L. preliminary
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IHE: Dark Matter

>

r

SM

—

Indirect Detection

()

Juanan
) Aguilar et al.

L/ .
First GC DM search using
energy along angular info

N

—— Median sensitivity (simulation) 90% CL
«ee LE sample
~-- HE sample
—®— Lpoisson w/ signal subtraction
95% containment
68% containment
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[PRD 102 (2020) 082002]
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» Combined ANTARES search published!
» New search focused on low DM masses

== 1C86 3y GCWIMP search sensitivity
== Combined ANTARES/IceCube search sensitivity
- OscNext sensitivity - yarov spectra
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https://arxiv.org/abs/2003.06614

IIHE: Hardware Upgrades & Neutfrino Sources

o

Silicon Photomultipliers \ /GRBWSb >0 Gamma-Ray Bursts
Daniela p ’
Mockler SiPM / Photodiode
» Characterization of SiPM noise I » Fermi-GBM data analysis published!
» |dentification of primary & correlated noise » 244 GRBs identified with a precursor
» Determination of photon detection efficiency » Now searching for v from GRB precursors
301 " giem LED 5000 —— Data
251 I "T4000 ‘7 ---- Background fi.t
SiPM frace  ®] | . | , o | Precorshr ins.
W|Th pUISed éiz F e 3000 ﬁ! N NNN Prmpt bins
LED IIghT g 5 25 : -20 | -15 —o : — 0 1 -
0 w Time (s)
\ w ::? m :t? m 1:100 [PRD 102 (2020) 103014]
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https://arxiv.org/abs/2004.03246
https://icecube.wisc.edu/~grbweb_public/

Ultra-Luminous Infrared Galaxies

MRK 273 (“Toothbrush Galaxy")

> The most luminous objects in the IR sky
> Lig = 10'* L between 8-1000 micron .

> Typically interacting galaxies S

» Plausible hadronic accelerators
» ULIRGs are mainly powered by starbursts

» Possible contribution from active galactic nuclei

logg £, [Jy]

==
.

» Plausible neutrino sources

-10 8-1000 m |
3 10 12 14 16 18 20
log1o v [HZ]

[ESA/Hubble, NASA/IPAC Extragalactic Database]
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https://ned.ipac.caltech.edu/

IRAS-based catalogs
Sanders+ (2003) AJ 126 1607
Kim+ (1998) ApJ 508) 627
Nardini+ (2010) MNRAS 405 2505

Selection of ULIRGs

» Start from three catalogs based on »Select complete sample of 75 ULIRGs
IRAS satellite data (189 ULIRGsS) with redshift z < 0.13

+75° _____ Equatorial (J2000) +75° Equatorial (J2000)

Galactic Plane —_— Galactic Plane
e [RAS FSC with
*  ULIRGs

------- b > 30°, § > —40°

A IRAS BSC with

-
ithe -
*»  IRAS PSCz & Spitzer
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https://arxiv.org/abs/astro-ph/0306263
https://arxiv.org/abs/astro-ph/9806148
https://arxiv.org/abs/1003.0858

[Astropart. Phys. 92 (2017) 30]

__ sample | liveime | Events
D @ TO S eT GFU 2011-2018 /.5 years 1.5 million

» GFU sample: 7.5 years of all-sky o eemsnor PP
track data .p\‘ /Vu _ Atmospheric Background

. L
» Atmospheric muons and ~ == ez
neutrinos are main backgrounds Pr-s =
» Data is reduced to atmospheric £
neutrino level yonly = it

. I ek . 1 S v induced
> Mostly sensitive to Northern f o0 =~ p

u-dominated IJ u . 10_111.00 —O.'75 —ofso —O.‘25 0.60 0.I25 0.;50 O.|75 1.00
S O U rC es ~107 events/hour cos6
[S. Toscano, annual meeting 2019]
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https://indico.iihe.ac.be/event/1347/contributions/2308/attachments/1836/2158/IceCube_AnnualMeeting2019.pdf
https://arxiv.org/abs/1612.06028

+75° Equatorial (J2000)

ULIRG Stacking Analysis

» Search for astrophysical v from ULIRG locations
» Perform maximum likelihood analysis

» Look for excess in data above atmospheric background

Galactic Plane

eye o *  ULIRGs
» Stack ULIRGs to enhance sensitivity
\
«
Y L Increasing IR flux
Wl o Stack )
[Hung+ (2014) ApJ 791 63] AN e e ks o
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https://arxiv.org/abs/1406.4509

Sensitivities & Discovery Potentials

» Test analysis performance for E7Y spectrum
» Steeper spectra are more difficult to separate from background
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Results & Upper Limits

> Analysis consistent with background hypothesis Rl sy " iceCube Prelmuinary]
» Obtained p-value = 1.0 R
g
»Set upper limits on flux from our 75 ULIRGs 2 o]
» Limits equal to sensitivity (90% CL) S O e o0% Seasiinity
» Extrapolate to limits on full ULIRG source population e 2 R 30 Disc. Potential |
—— 50 Disc. Potential
07735 25 3.0
all ULIRGS up t0 z=zmax _ $z=2zmax cpall ULIRGs up to z=0.13 Spectral index ~y
Vutvy  &rmoaz VetV
Joo !
index y z=0.13
1+2)*z<1
H(z) = (
(z) {ﬂat > 1 2.0 0.14 3.4 24
ULIRG redshift evolution 2. il 2 e
3.0 0.13 1.8 14

[Vereecken+, arXiv:2004.03435]
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https://arxiv.org/abs/2004.03435

Upper Limits on Source Population |

» ULIRGs cannoft be sole sources of the IceCube

diffuse neutrino flux

E=290 |imit

ULIRG evolution, zp.x = 4.0

st

----- E~29 upper limit (90% C.L.)
PoS (ICRC2017) 1005

IceCube Preliminary

& g-18] T+ PoS (ICRC2017) 981
10710 107
E, [TeV]
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Upper Limits on Source Population |l

» ULIRGs cannoft be sole sources of the IceCube
diffuse neutrino flux

E~30 |imit Differential limits
ULIRG evolution, zp.x = 4.0 ULIRG evolution, 2. = 4.0
1071 — —— 10~ ‘
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» He+ (2013) PRD 87 063011

Comparison with Model Predictions |

» Hadronic acceleration due to enhanced hypernova rate

» Predict PeV diffuse ULIRG neutrino flux

» [N fension with limits

Prediction

EZ dN,/dE,(GeV cm™2 57" sr")

ine
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Limit
10-10 ULIRG evolution, 2y = 2.3
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https://arxiv.org/abs/1303.1253

Comparison with Model Predictions |l

» Palladino+ (20192) JCAP 09 004

» Generic model of hadronically-powered gamma-ray galaxies (HAGS)
» Model fit to diffuse neutrino observations

» ULIRGs excluded as sole HAGS

Prediction Limit

Star-forming evolution, 2., = 4.0

1078 IceCube TGM [ceCube Preliminary

+ lceCube HESE Dy |
— PP Neutrinos Hw |
|

1077

E F~r--r--

S e R Er PN o
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—— Palladino et al. (2019)
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https://arxiv.org/abs/1812.04685

Comparison with Model Predictions |l

» Vereecken+, arXiv:2004.03435

» Neutrinos produced through AGN beam dump in dust clouds
» Model fit to diffuse neutrino observations

> Set lower [imit on most uncertain parameter f, = L. /L,
» Fit model to our E~%% ULIRG limit

» Consistent with previous limits on obscured AGN [ \
Prediction Limit All based on previous
. work done at the IIHE!
10
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https://arxiv.org/abs/2004.03435

Conclusions & Future Prospects

Summary Outlook
» Performed IceCube stacking » lceCube paper on ULIRG
search for neutrinos from ULIRGs analysis is in the pipeline

» No astrophysical signal identified  » Future studies will likely focus on
gomma-ray dim neutrino sources

» Set upper limits on ULIRG source » Subclass of (U)LIRGs?

population » Compton-thick active galactic nucleie
» Constrained model predictions > Follow Yarno Merckx’ MSc thesis work!
12
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Astroparticle Physics at the [IHE

> [IHE is actively involved in cosmic-ray and (future) neutrino experiments!

Optical Radar

z1PevV
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WE'LL MISS
MARLEEN!

The IIHE Astroparticle Group

THANK YOU!
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