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~hundreds of tracks/g*day at SENSEI, ~ 10 thousand /g*day at SuperCODMS HVeV
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CHERENKOV RADIATION

* |s the spontaneous emission of radiation by tracks passing through
non-conducting materials.

e, U Ocy,

V2e(w) > 1 Cherenkov condition

dN | 1 Rt
— —
dwdx v2e(w) dre



WHY IS CHERENKOV RADIATION RELEVANT?

[t leads to photons with energies matching the detector thresholds

Ve(w)>1 — e(w)>1  necessary condition
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Cherenkov photons have energies @ S 4eV



WHY IS CHERENKOV RADIATION RELEVANT?

[t arises at leading order In electrodynamics

Ny > 1
o (for e(w) )

Aw AXx
N, ~4
g [leV][lOOﬂm]

e, U e, U

As opposed to bremsstrahlung, ~ o



LUMINESCENCE

* Results In the emission of photons/phonons as excrted electrons in
a material return to the ground state

See also M. Pyle’s talk later today
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LUMINESCENCE

* Results In the emission of photons/phonons as excrted electrons in
a material return to the ground state

)J ,; L uminescence or scintillation

4 Slow: phosphorescence, afterglow



LUMINESCENCE FROM RADIATIVE RECOMBINATION

Results in the emission of photons/phonons as excited electrons In
a material return to the ground state

Excitation Radiative recombination

3 /o\
e, U



WHY IS LUMINESCENCE RELEVANT?

[t leads to photons with energies matching the detector thresholds

Energy gaps in semiconductors
are typically of order ~ eV



WHY IS LUMINESCENCE RELEVANT?

Tracks leave most of their energy In materials by exciting electron-
hole pairs (“ionization™)

A single 200keV electron track leaves
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N, ~6x10* !

8nh

_ = Auger radiative
W——v.jh—rh _Fh

Radiative rates are highly material dependent
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SENSEI (2020 DATA)

2004.1 1378 (SENSEI coll.)

Depends on halo mask
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CHERENKOV RA
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Irack passage
and radiation

Vacuum ~ 340 um

Pitch adapter (S1, 675 um)
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DIATION

Photons bounce around
until absorbed

Vacuum ~ 340 um

Pitch adapter (S1, 675 um)

Epoxy ~ 80 um
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LUMINESCENCE (RA

Irack passage
and radiation

CCD (Si, 675 um)

DEU, Du, Essig, Sholapurkar

PRX 12 (2022) 1,01 1009

DIATIVE RECOMBINATION)

Photons bounce around
until absorbed
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Vacuum ~ 340 um
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Absorption Length [um]

Simulated tracks Photon absorption Reflection/refraction,
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RESULTS

[ atest simulation

RlC;herenkOV — 150/g . day
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SUPERCDMS HVEV
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SUPERCDMS HV

"V (2019

Ihe one-electron rate Is
/I/<€/y geﬂel”dted by Chdl’ge /edkdge (*private communications)
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See also R. Ren’s talk
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SUPERCDMS HVEV

* But tracks passing through auxiliary materials are not vetoed.

upper PCB J
<— Si detector
Not vetoed

Most of them from the PCBs

Cherenkovs and possibly
Luminescence

Side view
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SUPERCDMS HVEV

HVeV data

Cherenkov estimate (f ~ 0.0016) |

(O | | |
107 > 3 4

n electron events
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Excellent agreement of the Cherenkov hypothesis

with the observed spectrum
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LAMPOST
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LAMPOST

» Observes 6 X 107° counts/s in SNSPD detector:

(b)

Reflective collimator

Aluminum
cage mount

Dielectric stack Sl = = v s 5,

Plano-convex lens

SNSPD chip

Baseplate

211001582
(LAMPOST coll.)
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LAMPOST

* Tracks passing through the lens generate Cherenkov photons.

(b) T
Reflective collimator

G From muons only

N, Cherenkov ™ 105/ dC]y /eV

Dielectric stack » e -

Plano-convex lens

SNSPD chip

(~ 100 per track!)

Baseplate
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[S-ee also K. Berggren talk on Thursday
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SUPERCDMS SNOLAB
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SUPERCDMS SNOLAB

* High-voltage detectors are held by Cirlex clamps. Radioactive
tracks from the Cirlex generate Cherenkovs.

Cirlex clamps

SuperCDMS coll. 1610.00006

Figure from
Loer, DM 2018

DEU, Du, Essig, Sholapurkar

NCiﬂeX ~ 130/ day /tower arXiv201 113939

events PRX 12 (2022) 1,011009
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https://arxiv.org/abs/1610.00006

Qubit decoherence’
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QUBIT DECOHERENCE

* Tracks passing through substrates create Cherenkov light and eh
pairs.

* Cherenkov light and luminescence generate long-lived photons that
can break Cooper palrs.

* As an example, a track going over 300 um of Sapphire substrate
leads to ~ 1072 eV in energy of sub-gap Cherenkov photons

—— 10° quasiparticles/track!

e — —

[See also L. Cardani’s talk on Thursday and Vepsalainen et. al. arXiv:2001.09 1 90
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CONCLUSIONS

We discussed important backgrounds that affect a variety of low-
energy threshold dark-matter detectors: Cherenkov radiation and
luminescence.

We showed that these are possible explanations for the excess
events at SENSEl, SuperCDMS HVeV and LAMPOST.

Concrete mitigation strategies can be taken towards the future:
these can significantly improve the reach to detect dark matter.
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Thanks!
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