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Motivation: Remote Reactor Monitoring via Neutrino Detection

Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)
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“Floating Nuclear Power Plant”
(www.ans.org/news/article-4061)

* Signal rate can be significantly increased with CEVNS detection, ifthe  Time required to detect 100 MW reactor at 100 m

detector has 1-ton Liquid Scintillator 10-ke PbWO . CEVNS Detector
1) Heavy element (e.g., Pb) (current state-of-the-art) £ 4
2) Large detector mass (>>1kg) 69 days 2 days

3) Low background.
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Other Rare Event Detection Experiments

T T T T T T T T 10—35
ol + Data ——== T0%=2.9%x10%yr
—— Best fit Sensitivity (median+34% dos ° Dlamond 1g year Limit
60 [+
= (10 eV E,, 100 drﬁ)\\
> 8- ~0.10 o .
2 50 406 5 \
P ‘ . -0.08 <
= 40 S ‘
P " A -0.06 ]
= /1 0.04 404 »
3 30 4T £
o 2 0 1 i 0.02 3
20 ! l L 11T 6 «
2.95 3.00 3.05 3.10 10.2
10+
0 LRA s i ()
27 28 29 30 31 32 33 34 35 36

Energy /MeV

 AMORE OvB[ experiment
* Cal®®MoOQ, Lit®®Mo00,
* Magnetic Microcalorimeter

Mean Nuclear Recoil Energy [eV]

0 . . -
100.1 0.2 0.5 1 2

Dark Matter Mass [GeV]

Lawrence Livermore National Laboratory  Geon-Bo Kim, kim90@lInl.gov LLNL-CFPRES-2024006 NAYSE

Mational Nuclear Security Adminis



mailto:kim90@llnl.gov

State-of-the-art Superconducting & Quantum Calorimeters

Direct fabrication on detector material
CDMS, TASSERACT, CRESST, NUCLEUS, BULLKID, ....

Pros: Best energy resolution
Cons: Limited choice of detector material

Gold pad and wirebonding
AMORE, RICOCHET, COSINUS, ....

Pros: flexible material choice
Cons: additional heat capacity of gold pads

https://ww etn -bzi.he.' g/ar
underground?language_content_entity=

MMC sensor Light channel side

supports Au wires
Cu supp .
Light absorber ' Au film
e
Scintillating - target
Molybdate _ crystal
Crystal € I =
Vikuiti film
i reflector
Cu supports gy Au wires
Au wires
(Heat sink) MbAC sspaor Heat channel side

https://link.springer.com/article/10.1007/s43673-024-00132-8
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Magneto-DM: Magnetometry for Dark Matter/CEvVNS/0vB[
Detection

Detection Principle:
1) Phonon generation by particle interactions = 2) phonon absorption and magnetic field change = 3) Quantum magnetometry

vory ~_Singlecrystal 2-a) Spin flip 2-b) cooper pair breaking
Proposed scaling < |" | Ag:Er Magnetic Superconducting film (Magnetic
’\;A’JJ’ | MicroCalorimeter Penetration Thermometer)
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Key advantages

Image generatedwatG PT 1) Flexible choice of detector material (Diamond, PbWO4, LiMo0O4).

2) Scalable, as no direct fabrication is needed.

3) Active background rejection by phonon pulse shape discrimination
with sub-ps timing resolution.

3) SQUID-based magnetometry
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Cm-scale PbWO, Quantum Calorimeters for CEVNS

Diamond, SiC, PbWO4 = — bW
: Nagorny,L
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Cm-scale PbWO, Quantum Calorimeters
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* Risetime-based event type classification
* 33 eVrmsresolutionand 300 eV energy threshold was achieved with 1cm wafer PbWO,.
* The 1cm3 2"PbWO, detector had poor athermal phonon collection.
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Magnetic Penetration Phonon Sensor (MPPS) Characterization

Alpha and X- Temperature — Magnetic Flux Curve X-ray pulses
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i ) i Moody, M. V,, et al. "A superconducting penetration depth thermometer."
Directly measure surface QP density with Proceedings of the 17th Intl. Conf. on Low Temp. Phys. 1984.

sub-microsecond resolution _ .
Nagler, P. C., et al. "Performance of magnetic penetration thermometers

for x-ray astronomy." J. Low Temp. Phys. 167.3 (2012): 455-460.
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Hafnium Sensor Fe-55 Energy Spectrum

Fe-55 source spectrum
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* Long measurement will be performed for LEE study
» Better SQUID (on the way), smaller sensor (currently 2mm x 2mm x 15um) for improved resolution

e Test with crystals
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Proof of Concept - PbWO4 + Ti Magnetic Penetration Phonon Sensor
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* First observation of MPPS-based phonon signals

e Uniform signal shapes.

e Alphasignals produced larger fast component.

* No significant non-equilibrium QP signals is observed.
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Quasiparticle Dynamics Study

Alpha events in Hf sensor Alpha in Ti sensor
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* MPPS directly measures surface QP density = support QP transport modeling and radiation impact on superconductor.
* Any separate samples with arbitrary superconducting pattern can be measured (does not require sensor integration)
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QP Diffusion Time
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Summary and Future Work
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Looking for collaborators for

Superconductor modeling & calculation
(under B field)

Low Tc film fabrication

Crystal growing

Full time graduate student

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. This work was funded
by the National Nuclear Security Administration of the Department of Energy, Office of Defense Nuclear Nonproliferation Research and Development (NA-22). This work was supported
by the Laboratory Directed Research and Development program of LLNL (22-FS-011) and DOE Office of Science HEP Advanced Detector R&D program.

Lawrence Livermore National Laboratory  Geon-Bo Kim, kim90@IInl.gov LLNL-CFPRES-2024006

LLNL-PRES-

NYSE -

Mational Nuclear Security Administration


mailto:kim90@llnl.gov

B Lawrence Livermore
National Laboratory

Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United
States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, a pparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States government or Lawrence Livermore National Security, LLC.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.
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