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Abstract

We present an overview of SuperCDMS (Super Cryogenic Dark Matter Search) HVeV (High Voltage eV resolution) detectors, 1 g Si High Voltage (HV) detectors, that have ~eV resolution and
dynamic range up to ~keV. Using LED and '3’Cs data, we aim to calibrate the energy scale of the detectors up to the keV range and study the Compton steps. The understanding of Compton
steps for these detectors will be used to calibrate the big SuperCDMS HV detectors for the 2" generation SuperCDMS experiment at SNOLAB.
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4. About the Data & calibration process

Source information: 137Cs ——> 137Ba +") (662 keV) + 3~ Compton step

Dominating interaction process: Compton scattering

Simulating platform: SuperSim-V09-01-00, Genat4-10.06.p03

Model: GAEM-optd

Expected features:

e 137Cs photo peak (662 keV): Full gamma energy deposition

» 137Cs Compton edge (477 keV): Backscattered gamma
energy deposition

* Cu X ray peak (8.1 keV): Due to the Cu housing

* Compton steps: Due to electronic shell structure of Si

« At energies comparable to the atomic
binding energies, the free electron
approximation fails

 If E<E,, the energy spectrum forms a step

« The relative height of each step is given
by the ratio of the electrons in each shell
o the total number of available electrons

» Position of Compton steps in the energy
spectrum depends on the atomic shell

Recoil electron energies; hence it is material dependent

LED Data Cs Data

 HVeV detectors are sensitive to single charge
excitations inside the detectors causing discrete
e-h* pair peaks in the energy spectrum.

« LED data series are taken for energy calibration in
low energy regions (up to ~keV) using multiple e-
h* peaks.

* Due to the nonlinearity in detector response,
we can not exirapolate the energy calibration
to an arbitrarily high energy range ( O(10°)keV )

« 137Cs source data is taken to calibrate the high
energy scale using the features in the gamma
spectirum (Photo peak, Compton edge,
Compton steps, Cu X ray peak) Compton scattering

Ref: PRD 106,092001 (2022)

6. Energy estimators
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« Determines the pulse area inside the analysis window (~13.1 ms)
» Effective for saturated pulses also
» Less sensitive / Poorer resolution in comparison to OFL method

Integral total: 2921.68 uA & OFL total: 13.22 uA Integral total: 2315.33 uA & OFL total: 13.84 uA

8 ‘ e E —— « Apply cuts to remove bad pulses / poorly reconstructed events from the science data
| — Outer channel ] — Outer channel « Optimize the Matched Filter (MF) integral, a hybrid energy estimator of OFL and Integral
g I z Jee el . Study OV and HV (100V) data and look for K shell (1.8 keV) and L shell (150 eV) Compton steps
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