LA /
'-,::..
o

Credit: ESA/Hubble & C. Raab

lceCube Search for High- |
Energy Neutrinos from Ultra- | "2 5 oemnor
Luminous Infrared Galaxies

Pablo Correa
pabcorcam@gmail.com

o o VRIJE f
— HIGH-ENERGY PHYSICS
SOuUTH POLE NEUTRINO OBSERVATORY  BRUXELLES BRUSSEL -



mailto:pabcorcam@gmail.com

The IceCube Neutrino Observatory

» 1 km3 detector at the South Pole
» 5160 digital optical modules (DOMs)
» 86 strings down 1o 2.45 km depth

PMT Base

Board PMT
High Voltage / Flasher

Control Board

Mu-Metal
Grid

50m

1450m

2450 m

2,820m

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

AMANDA Il array
(precursor to IceCube)

DeepCore
8 strings, spacing optimized for lower energies

480 optical sensors
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https://arxiv.org/abs/1612.05093
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Available on the
App Store
g GETITON

iNng lceCube
» Secondary charged
“

Check out the IceCubeAR app!

the detector
» Median angular resolution < 1°for

muon energy = 1 TeV

particles produce Cherenkov

radiation

» Muons leave frack signatures
iN

» Neutrinos can inferact with

the ice surround



https://science.sciencemag.org/content/361/6398/eaat1378/
https://itunes.apple.com/WebObjects/MZStore.woa/wa/viewSoftware?id=1533578432
https://play.google.com/store/apps/details?id=edu.wisc.icecube.icebear

Neutrino Astronomy with lceCube

» Diffuse astrophysical neutrino flux observed The sky in 7.5 years of
since 2013 astrophysical neutrinos

+75°

Largest TS

» Origin remains largely unknown

» TXS 0506+056 is the only neutrino source identified +30°
so far thanks to multimessenger astronomy +159
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arXiv:2011.03545
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https://arxiv.org/abs/2011.03545
https://science.sciencemag.org/content/361/6398/eaat1378/

Ultra-Luminous Infrared Galaxies

Credit: ESA/Hubble

MRK 273 (“Toothbrush Galaxy”)

e
. . . of .., Y,

> The most luminous objects in the IR sky e

> Lig = 102 Lo between 8-1000 micron =

» Typically intferacting galaxies 57 | oot NS A

. . iane Extragalactic Database

> Plausible hadronic accelerators B

» ULIRGs are mainly powered by starbursts R 8 20

» Possible contribution from active galactic nuclei

» Plausible neutrino sources
» Smoking-gun signature of hadronic acceleration

‘m

=

Credit: NASA/lceCube
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https://ned.ipac.caltech.edu/
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lceCube Stacking Search for Neu’rnnos
from ULIRGs AT

. . LY/ SR S e | Xiv:astro-ph/0306263
» Select ULIRGs for a point source analysis =" .\« . " £/ Jou anvasio phosost s
» From catalogs based on IRAS satellite data NG SR IS085
» Complete sample of 75 ULIRGs (redshift z < 0.13) —
» Stack ULIRGs to enhance sensitivity e
}.
’”’ N Increasing IR flux
.. .t Stack i
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https://arxiv.org/abs/astro-ph/0306263
https://arxiv.org/abs/astro-ph/9806148
https://arxiv.org/abs/1003.0858
https://arxiv.org/abs/1406.4509

Sensitivities & Discovery Potentials

» Maximum likelihood analysis with 8 years of data
» Background: atmospheric muons and atmospheric neutrinos ™" Atmosphere
» Search for an excess of neutrinos from ULIRG locations carth

atmospheric

Vextraterrestrial

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

» Reflected in this analysis
107° '
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IceCube Preliminary

100¢

proton

proton

------- Credit: J. Kunnen
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Total number of ULIRG neutrinos

ST < A 90% Sensitivity | & -t 90% Sensitivity
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—— 50 Disc. Potential —— 50 Disc. Potential
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Population

> Analysis consistent with background hypothesis —

» Obtained p-value = 1.0

» Set upper limits on flux from our 75 ULIRGs
» Extrapolate to limits on full ULIRG source population

Results & Upper Limits on Source

arXiv:2004.03435
cI)all ULIRGS up to z =zyax

Vutvy
&= zmax cI)all ULIRGs up to z=0.13
§2=013  VutVu
fdz /‘
g‘t(Z): (1+Z)4 z<1
flat z>1

ULIRG redshift evolution

» ULIRGs cannot be sole sources of the lceCube

diffuse neutrino flux

ULIRG evolution, 2. = 4.0

ULIRG evolution, zp. = 4.0

[ceCube Preliminary
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https://arxiv.org/abs/2004.03435

Results & Upper Limits on Source
Population

> Analysis consistent with background hypothesis —
» Obtained p-value = 1.0

Vutvy

€z=0.13

» Set upper limits on flux from 75 ULIRGs

» Extrapolate to limits on full ULIRG source population

H(z) =

fdz/ {(1+z)4ZS1

flat

arXiv:2004.03435

all ULIRGs up to z =zyax

cI)all ULIRGs up to z=0.13

Vutvy

z>1

ULIRG redshift evolution

» ULIRGs cannot be sole sources of the lceCube
diffuse neutrino flux

ULIRG evolution, 2y = 4.0 ULIRG evolution, zy. = 4.0
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https://arxiv.org/abs/2004.03435

Comparison with Model Predictions

ULIRG evolution, 2. = 2.3

IceCube Preliminary
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»He et al, 2013 (arXiv:1303.1253)

» In tension with limits

» Palladino et al, 2019 (arXiv:1812.04685) il N R

» ULIRGs excluded as sole contributors E, [TeV]

He et al. (2013)
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Star-forming evolution, 2. = 4.0

» Vereecken & de Vries, 2020 (arXiv:2004.03435) 0~

> Baryonic loading consfrained: f, = L, /L, = 1073

.....

L e T
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Palladino et al. (2019)
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https://arxiv.org/abs/1303.1253
https://arxiv.org/abs/1812.04685
https://arxiv.org/abs/2004.03435

Conclusions & Future Prospects

Summary

» Performed IceCube stacking
search for neutrinos from ULIRGs

» No astrophysical signal identified

» Set upper limits on ULIRG source
population

» Constrained model predictions

VuB

=

Outlook

» Write an lceCube paper on this
analysis

» Future studies will focus on
gomma-ray dim neutrino sources
» Subclass of (U)LIRGs?
» Compton-thick active galactic nuclei?
» Follow Yarno Merckx' MSc thesis work!
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