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Introduction

Nuclear recoil lonization yield: Fundamental detector response
for ionization sensitive detectors to assess sensitivity to nuclear
recoils (WIMP scattering, CEVNS interactions)
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Cryogenic Dark Matter Search

Measurement with pulsed n-beam
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LiF target

N-beam from TUNL
+ 1.889 MeV protons with 2.5 MHz pulsing
* LiF-on-Ta target -> ~56 keV low energy n-beam

Detectors
+ 19 Si HVeV detector (SuperCDMS)

- Aim for 28Si elastic scattering resonance at 55.7 keV + EJ-301/309 liquid scintillator detectors (neutron tag) with PMT
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c Dark Matter Sea

« SuperCDMS HVeV detector

- Operated at ~50 mK in an adiabatic Eiotar = Erecoit + eV
demagnetization refrigerator (ADR) — recoil(l +e Vb/ €eff Y )

+ 1x1x0.4 cm3 Si crystal (0.93 g)
+ 2 channel TES readout

=0V mode V, = 0: Total energy = Recoil energy
=HV mode V;, # 0: Total energy = Recoil energy + NTL energy

+ Energy resolution: oph ~ 3 eV ?
+ Charge resolution: gen ~ 0.03 e‘h* (100 V HV)
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SuperCDMS HVeV detector

+ Operated at ~50 mK in an adiabatic
demagnetization refrigerator (ADR)

+ 1x1x0.4 cm3 Si crystal (0.93 g)
+ 2 channel TES readout

+ Energy resolution: oph ~ 3 eV

- Charge resolution: gen ~ 0.03 e-h* (100 V HV) X 10°
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Cryogenic Dark Matter Search

Laser data at 100 V
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Collimated
n‘beam

: . Si detector |

PVIS e T -' and 180 V for exploring
i = —_— yield dependence on the
high E - : Id d d th

RO ._,_ SIS = electric field

* Here: Present 0 V cross-
check & 100 V NR yield
measurement

Dark Matter Search

TrRIANGLE UNivERsiTIES NUCLEAR LABORATORY

Data taking 2019:
- 3 weeks of data

Measurement set-up at TUNL

+ 50% duty cycle
(ADR cycle)

- Twodays at0V
(Validation data)

- Data taken at 20, 100,

PMT ring array (Iow E) ==

——— e
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Signal simulation

Small Si detectors size

Kinematic n-scattering energy selection suppresses multiple scatters
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Data: Coincidence tagging (BPM, PMT, Si)
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Small detector
Data quality cuts

+

TOF between TUNL
Beam Position Monitor and
EJ301/EJ309 liquid scintillator
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Strong background suppression
Expect a very clean signal

OV cross-check result

I+ Exlpected | | | | §+
¢ Measured + +

100 eV 220 eV(,220 €Vpear 460 €V 750V 2.0keV 3.8 keV
Nominal recoil energy

Data consistent with expectation
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Data: Coincidence tagging (BPM, PMT, Si) EDMS
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Analysis scheme - Yield measurement ="

1. Measurement:

Total phonon energy Eiotal : (1 + e‘/b/eeff : Y)EErecoilé 2. Simulation:

Geant4 simulation of recoil

spectrum for events ‘4 HV E :
o ; ; : ; energy spectrum for
coincident between e S .
HVeV and PMT . —— . . , events coincident between
50+ 3 Fit: 1 HVeV and PMT
Determine Y by fitting
- 401 the OV simulation to
‘S the HV measurement i .
g 30k | 4. Systematic Uncertainty:
14 - Coincidence timing window
g ® SuperCDMS PRELIMINARY - Time of flight window
S 201 | i - Neutron beam energy
| - Detector energy calibration
‘ - Impact ionization / Charge
: trapping
Bayesian ‘ | : ‘ - Fano factor
Analysis 5000 10000 15000 20000 25000 30000
Toolkit Total Phonon Energy at 100 V [eV{]
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Analysis scheme - 1st fit iteration = ="
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Analysis scheme - 2nd fit iteration
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Fit the LWs
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Results: 3rd fit iteration
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Results
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* Git repository being assembled to collect
literature values of yield and operating
conditions
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Thank you &
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Systematics on NR ionization yield C
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