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Goals of scintillating bubble chambers
ɆBackground-free 100 eV nuclear recoil detection for dark matter and CEvNSexperiments

See R. Coppejans talk at the next 
session, Designing and building a pair of 
scintillating bubble chambers for WIMPs 
and reactor CEvNS



A note about thresholds

ɆWe calculate the thermodynamic threshold ╠╢▄░◄◑: the amount of heat energy 
required to create a detectable bubble

ɆThe truth is that NR detection efficiency is not a step function at ὗ

Ɇ&ÉÎÄÉÎÇ ÔÈÅ ÔÒÕÅ ÅÆÆÉÃÉÅÎÃÙ ÃÕÒÖÅ ÉÓ ×ÈÁÔ ×Å ÍÅÁÎ ×ÈÅÎ ×Å ÓÁÙ Ȱ.2 ÃÁÌÉÂÒÁÔÉÏÎÓȱ
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Scintillating bubble chamber signals

ɆDetector control and state monitoring:
ɆPressure transducers

ɆThermometry (PT100 RTDs)

ɆBellowsposition

ɆParticle detection response:
ɆMicrophonics (piezoelectric transducers)

ɆCamera imaging

ɆPhotonics (PMT or SiPMs)

ὗ
calculation

Common with non-scintillating 
bubble chambers



Calibrations in xenon

Ɇ7ÅȭÖÅ ÏÐÅÒÁÔÅÄ Á ØÅÎÏÎ ÂÕÂÂÌÅ 
chamber at ὗ πͯȢυὯὩὠ
ɆER calibrations at 0.5 keV and above
Ɇ57Co, 207Bi, 88Y 

ɆNo confirmed gamma-induced 
nucleation; 90% C.L. upper limits O(ρπ)

ɆNR calibrations at 0.9 keV and above
Ɇ252Cf, 207Bi/Be, 88Y/Be

Ɇ>80% background reduction via the 
scintillation channel in a surface lab 
compared to raw rate of bubbles
ɆWith << 1% LCE!



Calibration needs in argon (with ~ppk
xenon)
ɆDesign (P,T) = (25 psia, 130K) for ὗ πȢπτσὯὩὠ(1 bubble per ton-year 

thermodynamic fluctuation limit)
ɆWant to calibrate scintillation of NRs > ~5 keV
ɆSpontaneous fission sources

Ɇ ȟὲ sources

ɆInelastic scattering

ɆNeed to calibrate NR bubble formation in the tens-hundreds of eV range
ɆPhotoneutron sources

ɆThomson scattering

ɆThermal neutron capture

ɆNeed to check for bubble nucleation from ER events
ɆOrdinary gamma and x-ray sources

ɆEffect of an electric field O(100 V/cm)



Photoneutron calibrations

ɆPhotoneutrons can provide ~keV nuclear recoils on argon
Ɇ~monoenergetic neutrons -> simple recoil spectrum

Ɇ124Sb/Be:
Ɇ23 keV neutrons

ɆὉ ςȢςὯὩὠ

ɆExpect no detected scintillation

Ɇ207Bi/Be:
Ɇ94 keV neutrons

ɆὉ ωὯὩὠ

ɆExpect detectable scintillation from ~half of the recoils

Ɇ88Y/Be:
ɆPrimarily 152 keV neutrons

ɆὉ ρτȢυὯὩὠ

ɆExpect detectable scintillation from >half of the recoils



Thomson scattering

ɆElastic gamma-nucleus scattering

ɆTens to hundreds of eV recoils from high energy 
(>MeV) gammas

Ɇ100 eV is our goal

Source
Gamma energy 

[MeV]
Maximum argon 
recoil energy [eV]

60Co 1.33 95

152Eu 1.41 107

40K 1.46 115

208Tl 2.6 362 High end of easy-to-get predominant gammas



Thermal neutron capture

Ɇ40Ar captures thermal neutrons 
with „ φχσάὦ

ɆCapture is followed by a gamma 
cascade (~ps) resulting in a 
nuclear recoil of the 41Ar nucleus 
of ~320 eV

ɆD-D generator neutrons from 
neighbors in MINOS area

ɆCan find full efficiency point with 
threshold scan

Most deexcitations end with a low 
energy gamma -> likely to catch 
the scintillation



ER calibrations

ɆEasy if superheated Lar(+ppkXe) is gamma-
blind in the bubble nucleation channel, like 
xenon
ɆFirst calibration will just be exposing the chamber 

to a variety of strong standard gamma sources

ɆIf the bubble rate does not increase, we set an 
upper limit on bubbles/gamma interaction and 
×ÅȭÒÅ ÄÏÎÅ



ER calibrations

ɆIf there is a rate above background, we have some more work to do
ɆHV electrode ɀdoes TPC-ishelectric field kill the rate by preventing recombination?

ɆFill with pure LArɀis the xenon contamination causing the bubbles?

ɆThis would destroy our ability to detect scintillation; the fused silica is opaque to the argon 
scintillation wavelength

ɆBut, if we need to operate at low thresholds as a more traditional bubble chamber, this would 
be an option

ɆSwitch to pure xenon; we have confirmation down to ~500eV that xenon is gamma-blind 
at better than ρπ

ɆOr,adjust pressure and temperature to see what happens

Ɇ7ÅȭÖÅ ×ÏÒËÅÄ ÆÏÒ ÔÈÅ ÐÁÓÔ ÆÅ× ÙÅÁÒÓ ÔÏ ÕÎÄÅÒÓÔÁÎÄ %2 ÎÕÃÌÅÁÔÉÏÎ ÉÎ ÆÒÅÏÎ ÂÕÂÂÌÅ ÃÈÁÍÂÅÒÓȟ 
and it turns out to be somewhat tunable, may be similar here



Operation plans

ɆWorking hard on assembly now

ɆCalibrations begin in 2022


