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Coherent Neutrino-Nucleus Elastic Scattering
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CNS: Recoil Energy Scales

Never Been Measured! AP < 2P,
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Interaction Products

Scintillating Crystals
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Interaction Products

Scintillating Crystals Semiconductors

Qi CRESST - Phonons
i o - .Cawo, 10 meV/ph

<& 100% energy

lonization
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CNS Measurement via scintillation simply not
possible due to small branching ratios




1) Direct lonization Measurement
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counts / keV kg day

Impressive Energy Threshold
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lonization Suppression in Nuclear
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CNS Recoils are Really Small!
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2) Phonon Measurement:

Thermal Detectors?

* 100% of Recoil
Energy Measured!
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Thermal Detectors

* Sensitive to crystal heat
capacity, C..

e Slow: Tfau X =— ~500ms

Thermal phonon
detectors not ideal for
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Athermal Phonon Detection Principles

* Become insensitive to
absorber heat capacity (250g
Si / 750g Ge) by collection
and concentration of
Phonons

Falltime: 150us (Si)/750us
(Ge)

* More Complex = More losses

— Theoretical Max Efficiency:
40%

— SuperCDMS Efficiency (g):
10-15%
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Best SuperCDMS Energy Resolution: S12C

B1 —C1 D1 A2

B2 C2z —D2——T Sum
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Lots of Noise Work in

the future

S12C | Tc Measured Flat
FWHM / Threshold | FWHM / Threshold
Side 1 | 62-69mK 102eV / 301eV 55eV /161eV
Side 2 | 96-105mK | 175eV / 518eV 143eV /427eV
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Integrated Rate [ evt/(kg day)]

CNS Integrated Rate at Various Reactors
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Detector Energy Resolution FWHM[eV]

Phonon Sensitivity with T_
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Detector Energy Resolution FWHM[eV]

Phonon Sensitivity with T_
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Detector Energy Resolution FWHM[eV]

Phonon Sensitivity with T_
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UCB just commissioned Si LZIP
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fridge with base = 20mK! * measured S12C
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Why Such Huge Tc Dependence?
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3l For t<250us, all channels

have same phonon response

_10 | | | | | | | | | |
0 50 100 150 200 250 300 350 400 450

time (us)

500

Ballistic phonon collection time
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Bandwidth mismatch!

Model: at long time scales,
homogenously distributed
ballistic phonons bounce around
in the crystal until they are
collected by the Al collection fins
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3) Indirect lonization Measurement via Luke Phonons
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* Luke-Neganov Gain
Etot — Er + Eluke Am24 Vg = 60 V

— Er + nehe%
_E, (1 + evb)
€eh
* Field Emission

* Current Devices: E, <25V/cm Why?
(75V for 1”7 iZIPs)

* Single e’/h*sensitivity requires
phonon trigger threshold of ~75eV
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Future R&D

N N
* |lonization Detectors
— Improve Baseline Noise 70
 Athermal Phonon Detectors
— Lower Sensor T, v v

— Optimize Sensor Layout For Energy Resolution
— Understand / Remove Excess Phonon Sensor Noise
* Luke-Neganov Gain lonization

— Understand/Improve Voltage Breakdown
— Athermal Phonon R&D



