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Goals of scintillating bubble chambers

Z Background-free 100 eV nuclear recolil detectiofor dark matter andCEVNSxperiments
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See R. Coppejans talk at the next
sessionPesigning and building a pair of  ~,
scintillating bubble chambers for WIMPs
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Setup B(1.5)
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A note about thresholds

ZWe calculate the thermodynamic thresho”;lﬂ o the amount of heat energy
required to create a detectable bubble

Z The truth is that NR detection efficiency is not a step function at
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Scintillating bubble chamber signals

Z Detector control and state monitoring:
Z Pressure transducers 0
z Thermometry (PT100 RTDs)| calculation

Z Bellowsposition Common with nonscintillating

_ _ bubble chambers
Z Particle detection response:

Z Microphonics (piezoelectric transducers)
Z Camera imaging
Z Photonics (PMT o®iPM9




Calibrations In xenon

g7 A6 OA_T PAOAOAA A @Al
chamber aty X ® QQw
Z ER calibrations at 0.5 keV and above
£ 57Co,207Bj, 88Y
Z No confirmed gammanduced
nucleation; 90% C.L. upper limits @t )

Z NR calibrations at 0.9 keV and above
g 252Cf,20Bi/Be,88Y/Be

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

P [bubbles per gamma interaction]

-- Average sensitivity for Y data

-- Sensitivity for 2°7Bi 1.14 keV point

® 42kev 57Co limit from 2017 PRL
57Co limits, background subtraction unavailable

88Y limits, background subtraction unavailable

88Y limits, with background subtraction

207Bj |imit, background subtraction unavailable

207Bj limit, with background subtraction
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Calibration needs in argon (withppk
Xenon)

z Design (P,T) = (25 psia, 130K)ior T8t T @Q (b bubble per toryear
thermodynamic fluctuation limit)
Z Want to calibrate scintillation of NRs > ~5 keV

Z Spontaneous fission sources
Z | lE sources

Z Inelastic scattering
Z Need to calibrate NR bubble formation in the tehandreds of eV range
Z Photoneutron sources
Z Thomson scattering
Z Thermal neutron capture
Z Need to check for bubble nucleation from ER events
Z Ordinary gamma and-xay sources
Z Effect of an electric field O(100 V/cm)




Photoneutron calibrations
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# Photoneutrons can provide ~keV nuclear recoils on argon
£ ~monoenergetic neutrons> simple recoil spectrum

Z 1245ph/Be:
Z 23 keV neutrons

O ¢& QQw
Z Expect no detected scintillation
Z 20Bi/Be:
Z 94 keV neutrons
0 wQQw
Z Expect detectable scintillation from ~half of the recoils
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7 88Y/Be:
Z Primarily 152 keV neutrons

. T ’ ' ld—l
#O0 p®DL0 | Seitz Threshold [keV]
Z Expect detectable scintillation from >half of the recoils

Fraction of recoils above threshold [keV]




Thomson scattering

—588y 10 4Ci 36 ev/hr

Z Elastic gammanucleus scattering f —— 22871, 10 4G 27 evihr | |

——56C0 10 4Ci 39 evihr

Z Tens to hundreds of eV recoils from high energy > 10° 3-=:-::1

(>MeV) gammas

Events/hr/ke

Z100eVis our goal

101 ¢

Source Gamma energy Maximum argon ;
[MeV] recoil energy [eV] . ' o]
60Co 1.33 95 0 01 02 03 04 05 06
Recoil Energy (keV)
1522u 1.41 107

40K 1.46 115

208T| 2.6 362 <— High end of easyo-get predominant gammas




Level Scheme

Intensities: ; per 100 n—captures

& Multiply placed; undivided intensity given

Z“OAr captures thermal neutrons
with, @ X 0O W

c.....16098.9)
4270.0

Z Capture is followed by a gamma
cascade (ps) resulting in a
nuclear recoll of thé'Ar nucleus
of ~320 eV

Z D-D generator neutrons from
neighbors in MINOS area

Z Can find full efficiency point with
threshold scan

1hAr,, Most deexcitationsnd with a low
energy gamma> likely to catch
the scintillation

WAr(n,y) E=res 1974Kel8

1974Kel8: E_=15-70 keV and 58 keV produced from "Litp,n)"Be reaction. Measured Ey, Iy using Ge(Li).




ER calibrations

Z Easy if superheated Langpk Xe) is gamma
blind in the bubble nucleation channel, like
xenon |
Z First calibration will just be exposing the chamber 11,0

Uineier, TUM (2015)

to a variety of strong standard gamma sources %

¢ If the bubble rate does not increase, we setan 8
upper limit on bubbles/gamma interaction and &
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ER calibrations

ZIf thereisa rate above background, we have some more work to do
Z HV electrodez does TPdshelectric field kill the rate by preventing recombination?
g Fill with pureLArz is the xenon contamination causing the bubbles?

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

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

Z Switch to pure xenon; we have confirmation down to ~500eV that xenon is gabima
at better thanp m
Z Or, adjust pressure and temperature to see what happens
g7AG0A x1 OEAA &£ O OEA PAOO Z£Ax UAAOO O1 O1 AAC
and it turns out to be somewhat tunable, may be similar here




Operation plans

ZWorking hard on assembly now

Z Calibrations begin in 2022




