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A brief introduction into CCSNe neutrino emission
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https://iopscience.iop.org/article/10.3847/0004-637X/821/1/38
https://github.com/SNEWS2/snewpy

IceCube can detect Core Collapse Supernovae (CCSNe)
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See Nora’s talk from Monday

Credit: J. Parin WIPAC

short tracks visible in single modules



https://indico-cdex.ep.tsinghua.edu.cn/event/175/contributions/2459/attachments/828/1223/MEV_GW_NVM_TAUP2025_final.pdf

Detection:| Excess of detection rate over the background

110 x103 Abbasi et al. 2024
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— IceCube has sensitivity >100 to detect a galactic CCSN within the Milky Way
— What sensitivity do we have for details in the neutrino lightcurve?


https://doi.org/10.3847/1538-4357/ad07d1

Fast-time feature overview

Periodic features Sharp features
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Fast-time feature overview

Periodic features Sharp features
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Example I: Standing Accretion Shock Instability

» Sloshing of neutrinos spheres by large-scale, convective streams

> Periodic modulations of the neutrino luminosity and mean energy
(~O(100 ms) duration, 50-400Hz frequency, ~10% relative amplitude)

> Detectable at 50 up to 10-25 Kpc [Beise et al. 2023]
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https://doi.org/10.1038/nature05428
https://doi.org/10.1086/345812
https://www.semanticscholar.org/paper/HitSpooling%3A-an-improvement-for-the-supernova-in-Zuydtwyck-Hanson/a4dbcb2f1967afc9c1f4c29bed30295ceb68615d
https://pos.sissa.it/441/159/pdf
http://dx.doi.org/10.1103/PhysRevD.90.045032

Example II: Rotating CCSNe

- Fast rotation of the CCSN prior to the
explosion can produce a dual imprint on
gravitational waves and neutrinos
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> Periodic modulations of the neutrino
luminosity and mean energy

> O(100 ms) duration
» ~550 Hz frequency
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> Detectable up to 1 kpc
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— Sensitivity to fast-time features
extremely model-dependent



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.123009

Generic, periodic modulations Recently published in PRD!

Default model (AT=150 ms, f=80 Hz, A=20%)

> New: generic, model-independent
approach to quantify IceCube’s and 1800+ (baseline Ho
IceCubeGen2’s sensitivity to
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https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Detector geometries
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> IceCube-Gen2: IceCube baseline + 10,000 multi-PMT sensors

» Additional wavelength-shifting tubes further enhance light collection at low

additional noise

> IceCube detector response simulated with ASTERIA
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https://asteria.readthedocs.io/en/stable/
https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Hypothesis test
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https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Detection significance and detection horizon

Detection significance for the baseline model

Cumulative galactic CCSNe distribution
from Adams et al. (2013) in [%0]
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https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Results for generic, periodic feature
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https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Fast-time feature overview
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Hadron-quark phase transition could produce burst of ve.

> Hadron-quark phase transition is a potential shock revival mechanism for some CCSNe
-~ The second collapse generates a shock wave that releases trapped Ve in a sudden burst
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https://uu.diva-portal.org/smash/record.jsf?aq2=%5B%5B%5D%5D&c=2&af=%5B%5D&searchType=SIMPLE&sortOrder2=title_sort_asc&query=mar%C3%ADa+dur%C3%A1n+de+las+heras&language=en&pid=diva2%3A1968528&aq=%5B%5B%5D%5D&sf=all&aqe=%5B%5D&sortOrder=author_sort_asc&onlyFullText=false&noOfRows=50&dswid=763

Models and Analysis method

> Two detailed simulation of QCD phase transition (kindly provided by E. O’Connor):
> Delayed black hole model RDF-1.7, duration ~ 50 s
> Quark star remnant RDF-1.2, duration ~ 100 ps

> Hypothesis test: H; = QCD phase transition, Ho = no phase transition

> Sharp features best extracted by picking the|highest amplitude|value
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https://uu.diva-portal.org/smash/record.jsf?aq2=%5B%5B%5D%5D&c=2&af=%5B%5D&searchType=SIMPLE&sortOrder2=title_sort_asc&query=mar%C3%ADa+dur%C3%A1n+de+las+heras&language=en&pid=diva2%3A1968528&aq=%5B%5B%5D%5D&sf=all&aqe=%5B%5D&sortOrder=author_sort_asc&onlyFullText=false&noOfRows=50&dswid=763

Results for sharp features

Detection significance for RDF-1.2
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https://uu.diva-portal.org/smash/record.jsf?aq2=%5B%5B%5D%5D&c=2&af=%5B%5D&searchType=SIMPLE&sortOrder2=title_sort_asc&query=mar%C3%ADa+dur%C3%A1n+de+las+heras&language=en&pid=diva2%3A1968528&aq=%5B%5B%5D%5D&sf=all&aqe=%5B%5D&sortOrder=author_sort_asc&onlyFullText=false&noOfRows=50&dswid=763

Conclusion

> The next Galactic CCSN will be
detected with IceCube or a future

extension

> IceCube-Gen2 will detect periodic fast-

time features throughout the Milky Way
for A>30%

> Sharp features from QCD phase
transitions are detectable in IceCube-

5 ; Gen2 up to the SMC
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IceCube is a 1 km” detector frozen into the South Pole glacier

5160 sensors over 1 km* (1 Gton) 86 cables (“strings”)
IceCube Laboratory Digital OptiCal MOdUle (DOM)

Amundsen-Scott

25 cm down-wards facing PMT
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IceCube detects the Cherenkov light from charged secondaries

e e ~— Admundsen-Scott station




Segmented sensors can reduce noise

Requiring local
coincidences between
PMTs of the same
sensor efficiently
reduces sensor noise

Lozano Mariscal et al. 2021
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Local coincidences can extend the sensitivity
to the entire Milky Way + LMC + SMC
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https://arxiv.org/abs/2106.14199
https://icecube-gen2.wisc.edu/science/publications/TDR/

More sensors will increase sensitivity

current IceCube

10,000
new photo-

Sensors
over 120
new strings

IceCube-Gen2 TDR 2023
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https://icecube-gen2.wisc.edu/science/publications/TDR/

Wavelength shifters improve photon collection

Advantages: \"\N\u
P
> Low-cost add-on £

: hift
-~ Increase photo collection S

~ Extend acceptance to UV matrixw‘
> Less sensor noise than additional PMTs

Improved photon collection
— Improved measurement of the CCSNe signal
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Bastian-Querner et al. 2022



http://doi.org/10.3390/s22041385

Short Time Fourier Transtorm
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https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Background TS trials and p-value

~ Pre-generate high-statistics TS distribution for Ho (10° trials)

> Modes of distribution statistically more stable TSwo and TS
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https://journals.aps.org/prd/abstract/10.1103/54tp-t945

Model uncertainties
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Sukhbold 2015 baseline model yields conservative
detector rates as compared to other baselines Model 08


https://journals.aps.org/prd/abstract/10.1103/54tp-t945
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