Supernova Neutrinos
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https://www.eso.org/public/usa/news/eso1032/

1987A

First instance of neutrino detection
from a core collapse supernova.
Provided agreement with theoretical
models that ~99% of the
gravitational potential energy is
carried away as neutrinos.

The neutrino flash lasted ~12
seconds.

Only electron antineutrinos inverse
beta-decay was detected.

Detected energy of secondary
particles created from IBD.

Supernovae are rare events.

We expect to detect one every decade.
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H. Th. Janka, Neutrino Emission from Supernovae, arxiv-link.
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The Supernova Neutrino Signal
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~10°8 neutrinos emitted in ~10 seconds!
With mean energy 8-12 MeV

] Alessandro

Mirizzi et al.,
Supernova
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The Supernova Neutrino Signal

e Mean Energies in the range
of 8-12 MeV.

e Very few high energy (>40
MeV) neutrinos.

® There is a time evolution to
the signal.

e The empirical energy
spectrum model:
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Where,

F' 15 the energy in MeV

Fav 18 the average energy

v 15 a numerical parameter
describing the spectral pinching
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Irene Tamborra et al., High-resolution supernova neutrino spectra
represented by a simple fit, Phys. Rev. D 86 125031, arxiv-link.
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Neutrino Detection Methods

e [nverse Beta Decay Thresholds:

o Ve+p=n+e 1.8MeV

o Vy+p=n+p 110 MeV

O Tyr+p=n+7" 3.5GeV

© Muon and tau neutrino thresholds are too high for neutrinos from SN.
o Miss ~2/3 of the of the neutrinos.

e (Coherent elastic neutrino-nucleus scattering (CEvNS): Z0

o v+ A —v+ 4
Neutrino interacts with the nucleus producing a nuclear recoil. A

Well predicted cross sections from the standard model. A

N? enhancement to cross section in this energy range.

Trade off between number of neutrons per nucleus and energy deposition.
Recently detected by COHERENT collaboration.

© O O O O

LIDINE 2017 Dev Ashish Khaitan
Supernova Detection in LZ U of Rochester

2017/09/23



LZ - Overview

LUX-ZEPLIN (LZ) is a 7 tonne liquid
xenon time projection chamber.

To be begin operation 4850ft below
the surface at the Sanford
Underground Research Facility in
2019.

Primary science goal is the search
for dark matter.

Sensitive to both ionization and
scintillation.

Uses an applied electric field to drift
electrons to extract into the gas
phase to produce an
electroluminescence signal.

—
Outgoing
Particle

Incoming
Particle

LZ Collaboration: Mount et al., The
LUX-ZEPLIN (LZ) Technical design
report, arxiv-link.
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CEvNS in Liquid Xenon
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abundances.

o A5 MeVvwill deposita
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Phys. Rev. D 30 2295, Phys. Rev. D 68 023005, & 2015 J. Phys.: Conf. Ser. 606 012010.
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CEvNS in Liquid Xenon

Use the 27 M, at 10 kpc SN v flux model to
calculate the expected number of interactions
in LZ.
We consider two possible detector
thresholds:
o ~320 vinteractions per SN at 1 keVnr
threshold.
o ~540 v interactions per SN at 0.5 keVnr
threshold.
During the first 200 ms, the rate of v
interactions is ~500 Hz.

From NEST:
o 1keVnr ~ 6 electrons
o 0.5 keVnr ~ 3 electrons
In LUX, a trigger threshold of 1 keVnr was
achieved.
We only consider the signal from electrons.
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LUX Collaboration: D. S. Akerib et al., Low-energy (0.7-74 keV) nuclear recoil calibration of the LUX dark matter experiment using

D-D neutron scattering kinematics, arxiv-link.
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DAQ

Over 3 ms shown
118 background interactions
497 v interactions

Two memory buffers to store data:
o Each buffer records all interactions

L s . n 20 553 ded out of 615 -+
within 1 ms pre-trigger and 2.5 ms § .. recorfed outo
post-trigger. S

. . . c 10|
o Hold a maximum of ~45 interactions £ - Mw
per buffer e . W
= B1h I
While one memory buffer writes data to o H H “ '
disk, the other buffer can record data. e LTI L

However, only one memory buffer can write Post-bounce Ti s)
data to disk at a time.

If, both buffers are full and data is being ' ' ' '
offloaded then additional triggers will be

missed. 2 20r T
a15
It takes ~1.3 milliseconds to write one £10
neutrino interaction to disk. g5
o Ittakes ~59 milliseconds to write 45 £ ©
neutrino interactions to disk. o

jwe]
M

0 50 100 150 200
Post-bounce Time (ms)

LIDINE 2017 Dev Ashish Khaitan
Supernova Detection in LZ U of Rochester 9

2017/09/23



Neutrino Time Spectrum Analysis

e We simulate how the LZ DAQ performs
in response to triggers that have a time
profile that matches the SN neutrino
flux.

o  Full simulation is 11 seconds
(1 second pre-bounce, 10 seconds
post-bounce).

o +40 Hz background
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e Using the time distribution of recorded
interactions and the known SN v flux i
model we construct a cumulative 0 m Hm H H H H H \ H H H H I
counts vs time distribution. 1m RE NEIEERENENEY

e We account for DAQ deadtime in the | | BEENER 1 |
SN v flux model. 5250 0o 50 100 150 200

e Perform least squares fitting between Post-bounce Time (ms)
the time of recorded interactions and
the model.

o Reconstruct the post-bounce time
and number of neutrinos
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Neutrino Time Spectrum Analysis
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Neutrino Time Spectrum Analysis

Fitting Analysis to Reconstruct Number Reconstruct Post-Bounce Time
Log,,Distance (kpc) Log,,Distance (kpc)
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e The results shown are fora 27 M, __star and a 0.5 keV detector threshold.
e For these cases shown it would be clear there was a SN event in the detector.
e We are able to reconstruct the number of neutrinos and the post-bounce time of the

SN using the fitting analysis.
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Conclusions

During a core collapse supernova (SN) ~99% of its gravitational potential energy is
emitted in the form of neutrinos within the first 10 s.

These neutrinos are emitted with O(10 MeV) kinetic energy and will deposit O(1 keV)
in liquid xenon.

A27 M, SN at 10 kpc will produce 300-500 v interactions within the 7 tonnes of
liquid xenon in LZ.
o A SN 1987A type supernova at 50 kpc would produce ~20 v interactions in LZ.

The double buffering system of the DAQ will allow a large fraction of SN v interactions
to be recorded.

We have developed a fitting routine that allows us to reconstruct the number of
missed interactions and the post-bounce time of the supernova.
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Thank you

Any Other Questions/Thoughts?
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