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EVIDENCE FOR DARK MATTER
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OF ALL MATTER IS DARK!
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Artist's impression of a spiral galaxy embedded in a dark matter halo (Credit: ESO / L. Calcada)
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Artist's impression of a spiral galaxy embedded in a dark matter halo (Credit: ESO / L. Calcada)



DIRECT DARK MATTER DETECTION

Electron

Nucleus

Farinaldo S. Queiroz
arXiv:1605.08788
(modified)
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THE DARK SECTOR
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THE SuperCDMS
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THE SuperCDMS COLLABORATION
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PAST AND FUTURE OF (Super)CDMS
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E SUF:

~10m
~17 mwe

E Soudan:

~700 m
~2000 mwe

Y*SNOLAB:
~2000 m
~6000 mwe

SUF: Stanford Underground Facility
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PAST AND FUTURE OF (Super)CDMS “‘
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SuperCDMS AT SNOLAB
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SuperCDMS

» ~ 2km deep underground in an active mine
» 0.27 muons per m2/day

» Cleanroom class 2000

» Home to ~ 10 low background experiments
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SuperCDMS AT SNOLAB
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» Cleanroom class 2000

» Home to ~ 10 low background experiments
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STATUS OF SuperCDMS AND CUTE
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» Commissioning of SuperCDMS 2023
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Backup
3~ cooling Cryogenics
= (ice) and radon
filter plant

» Initial payload run starting in 2023

Access
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THE SuperCDMS SET-UP
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» Starting with 4 towers

» Space for more towers!

Detector
» 6 detectors per tower Packs

_

» Detectors made from
Si and Ge

SNOBOX
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SILICON AND GERMANIUM DETECTORS

Incoming, interacting particles generate

phonons (i.e. heat / lattice vibrations) and electron-hole pairs (via ionization)
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SILICON AND GERMANIUM DETECTORS

Incoming, interacting particles generate

phonons (i.e. heat / lattice vibrations) and electron-hole pairs (via ionization)

Phonon channels

interleaved with

lonization signal

charge channels

Efficient nuclear recoil (NR) to
electron recoil (ER) discrimination
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SILICON AND GERMANIUM DETECTORS
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Incoming, interacting particles generate

phonons (i.e. heat / lattice vibrations) and electron-hole pairs (via ionization)

Phonon channels

Phonon channels

interleaved with
charge channels

!

Efficient nuclear recoil (NR) to

electron recoil (ER) discrimination
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SILICON AND GERMANIUM DETECTORS
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Incoming, interacting particles generate

phonons (i.e. heat / lattice vibrations) and electron-hole pairs (via ionization)

Phonon channels

Phonon channels

interleaved with
charge channels

!

Efficient nuclear recoil (NR) to Strongly reduced energy threshold

electron recoil (ER) discrimination
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PHONON AMPLIFICATION OF IONIZATION SIGNAL
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PHONON AMPLIFICATION OF IONIZATION SIGNAL
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R&D HIGH VOLTAGE DETECTOR
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Si chip (1cm2 x 4mm, 0.93 g) with
phonon sensors

SuperCDMS-HVeV

Number of Events
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Electron-Hole Pairs

» Single electron-hole pair resolution

» Ultra-low threshold (band-gap)



RECAP DETECTORS

IZIP

» Default detector

» ~ 1 kg SiorGe

» Phonon and ionization
readout

» EfficientER/ NR
discrimination

HV

Default detector
~ 1 kg Si or Ge
Phonon readout only

Phonon amplification

of charge signal

Low threshold

BELINA VON KROSIGK
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HVeV

» R&D detector
» ~1gSi

» Phonon readout only

» Phonon amplification of

charge signal

» Ultra-low threshold
(band-gap)

» Single e-/h* pair sensitivity




DARK MATTER SEARCHES
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NUCLEAR vs. ELECTRON RECOIL EVENT CLASS

Image: Stefano Davini
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Nuclear Recoil

Mostly primary phonons

» Elastic WIMP-nucleon scattering

Image: Rouven Essig
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Electron Recoil

Mostly e/h* pairs

» Light DM-electron scattering

» Absorption of ALPs

» Absorption of Dark Photons

> ... Kurinsky, BvK, et al. Phys. Rev. Lett. 121 (2018) 051301
Germond, Fascione, BvK, et al. Phys. Rev. D 101 (2020) 052008
Wilson, Chang, BvK, et al. Phys. Rev. D 102 (2020) 091101(R)



LOM-electron scattering
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EXPECTED LDM SIGNAL SPECTRUM (LDM: Light Dark Matter

500 MeV/c2 LDM on Si target
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EXPECTED LDM SIGNAL SPECTRUM (LDM: Light Dark Matter

500 MeV/c2 LDM on Si target
x 10°

Calculated with QEdark
JHEP 1605 (2016) 046

_ Most signal
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EXPECTED LDM SIGNAL SPECTRUM - quantized
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( LDM: Light Dark Matter )
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EXPECTED LDM SIGNAL SPECTRUM - quantized oM Lt Dok e
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FIRST SuperCDMS-HVeV RESULTS
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mpm [MeV/c?]

1st Science Results with ~ 0.5 g/day data

Kurinsky, BvK, et al. PRL 121 (2018) 051301 (Err. PRL 122 (2019) 069901)

mpm [MeV/c?]

o0 10' 102 10° 10 ~ 10 10t 102  10° 10



Dark boson absorption
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DARK BOSON ABSORPTION

ALP a / Dark Photon A’

» Analogous to photoelectric absorption

» Electron emitted with energy = ALP / Dark Photon mass

36
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DARK BOSON ABSORPTION

ALP a / Dark Photon A’

Unlike previous interaction: Deposited energy directly proportional to m, or m,-

Rate (m,) ~ PDM Yae 2 Op.e. (E=m,c?)

Rate (mA') ~ PDM € 2 Op.e. (E=myc?)

W Simulated dark boson signal, m, = 10 eV/c?

—-—-- SuperCDMS SNOLAB design threshold, Ge

' ——-- Achievable threshold

100
Deposited Energy [eV]

pom: Local halo DM density

op.e.: Photoelectric absorption coefft.
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DARK BOSON ABSORPTION

B Simulated dark boson signal, mgs = 10 eV/c?

ALP a / Dark Photon A’ --—- SuperCDMS SNOLAB design threshold, Ge
~  —--- Achievable threshold

R
. o
w

100
Deposited Energy [eV]

Unlike previous interaction: Deposited energy directly proportional to m, or m,-

The lower the energy threshold the greater the mass reach!

38
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ALP ABSORPTION LIMITS
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Wilson, Chang, BvK, et al. Phys. Rev. D 102 (2020) 091101(R)
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[RIGGER FOR LOW MASS
DARK MATTER SEARCHES
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CUSTOM DETECTOR CONTROL AND READOUT CARDS (DCRC)

analog
components DACs

H]
CDMS DCRC Rev D \
Hansen, T. Kiper FNAL

| POE

e By T Y timing link

100, S _ . 5 In & out

pin, 4-row N Y

connector e ad e TE  USB

ST RS RS Eet v, _ Jtag Altera r ference

frequency
iInput

Prototype p

DCRC

L1 Trigger

Phonon Pulse

Amplitude

Time
» L1 triggers on phonon signa
» Sampling:
» 625 kHz (phonon

» 2.5 MHz (ionization

41
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PRINCIPLES OF TRIGGERING AT SuperCDMS :

» Continuous trace, HVeV detector — Raw trace o Trigger point
. | — Filtered trace Event
) Ofﬂlne Trlgger: -~ Threshold
» Filtering with “Optimal Filter” Alexander Zaytsev, UHH =
0.15} E | |
» Threshold triggering = 3 il .w "‘1’1‘" “”"'Whﬂ | Al
=3 0.107 =
=y O
= 1162 1163 1164 1165
E 0.05¢ Time|ms|
I 5

0.00

L : . 100 105 110 115 120
» Same principle for Online Trigger Time[ms

on FPGA (Level 1)

Kurinsky, Zaytsev, Meyer zu Theenhausen, Wilson, et al. arXiv:2012.12430
(submitted for publication)
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L1 TRIGGER ARCHITECTURE )
Filtering with "Optimal Filter”
e
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L1 TRIGGER: R&D TO FURTHER REDUCE NOISE
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LOW ENERGY EVENTS IN SuperCDMS CRYSTALS

45

Amplitude [a.u.

Q0 Q0 o0
Q0 00) O
Qo O o
o o o

8870+

|
| _
virl
| H\‘ M ,‘WL‘ » "Background” events:
- m ““ | - » not particle induced
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8820

— signal-like . .
background - » Signal-like events:
v\k - » particle energy depositions in crystal
\W(M - » constant, known pulse-shape

» externally induced vibrations

» varying, unknown pulse-shapes

1 2 3 4 5 6
Time [ms]

Not distinguishable by existing trigger
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L1 TRIGGER: R&D TO IMPROVE EVENT SELECTION

h

ADGC

4p

625kHz
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Filter

Use Machine Learning on FPGA for event classification
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CONCLUSION




ADDITIONAL MATERIAL
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PROJECT GOALS FOR INITIAL PAYLOAD (2021-2026)

49
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Ge HV: Limited by tritium
(cosmogenic) betas
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Ge iZIP: Limited by exposure
(thanks to ER discrimination)
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ALP ABSORPTION LIMITS

Wilson, Chang, BvK, et al. Phys. Rev. D 102 (2020) 091101(R)

Germond, Fascione, BvK, et al. Phys. Rev. D 101 (2020) 052008 |
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Dominating uncertainty at low masses:
=> Precision p.e. cross-section measureme

Stanford, Wilson, BvK, et al. AIP Advances 11 (2021) 025120
BvK, Wilson, et al. arXiv:2010.15874 (submitted for publication in PRD)
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UNCERTAINTY OF PHOTOELECTRIC CROSS-SECTION

Stanford, Wilson, BvK, et al. AIP Advances 11 (2021) 025120

10° £
10° £
— 4 ;
= 10°]
~— -
OLA 3.
= 107%
o :
. 9 i
o 10° 3
) : §
6" [ == = Nominal Macfarlane et. al.
101 I | —— Stanford et. al. Fitted Holland et. al.’
j % Stanford et. al.’ R. Hulthén'
100 P l o Green et. al.’ Aspnes et. al.’
I M. Green' D. Edwards'
1 Dash et. al. "Temperature-Corrected to 50 mK
10~ :
5.0 F -
O
. -
)
= 25) -
' ' A A A ' '
1 2 3 1 6 7 8 910

Photon Energy [eV]

10_8 g '

10-10}
101}

10—12 !

10713

BvK, Wilson, et al. arXiv:2010.15874
(submitted to and recommended for publication in PRD)
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