


THE FUTURE OF DIRECT DETECTION

Dark Matter Searches: Past, Present & Future
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LZ LIMITATIONS FROM BACKGROUNDS
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RUN LZ FOR LONGER?

Doesn’t work.
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GET BETTER AT RADON REDUCTION?

e Active area of R&D. HARD.

« Limited prospects for Rn removal during circulation/purification

« Removal w/ carbon traps problematic due to activity of traps

« Perfect removal at purification site (e.g. cryogenic distillation)
requires 2000 slpm flow rate for 10x Rn reduction at LZ scale

« Larger experiments require even more flow

XENONIT cryogenic distillation achieves ~20% Rn reduction /

(slides)
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https://indico.cern.ch/event/573069/sessions/230073/attachments/1440283/2217045/xesat2017_thailand_murra_16_9.pdf
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CRYSTAL XE AS A PARTICLE DETECTOR

» Solid and liquid xenon have similar
physical properties

« Solid/gas two-phase xenon TPC is expected to
perform as well as a liquid/gas xenon
emission TPC

« band gap (E -> detectable signal)
 electron mobility (doubled) =
e electron emission

« density (20% bonus!)

* high voltage

 Similar scintillation signal observed in
solid and liquid

o cf.arXiv:1410.6496 and arXiv:1508.05903

« Potential for improved ER/NR discrimination
(due to changes in e-/Xe*recombination)

TIPP 2021

TABLE II. Comparison of transport parameters in
solid and liquid xenon. Values of other data used in the
calculations are also quoted.
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CHALLENGES BEING STUDIED
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Top SiPMs
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Typical >’Co waveform recorded in crystalline/vapor TPC
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SCINTILLATION IN LXE VS SXE

« Co S1 size slightly smaller » Po S1 size similar or slightly larger
« 2014 FNAL work* also missing 15% of Co  Possible instrumentation effect: calibrate out
scintillation photons in crystalline state single photon size but cross-talk may vary?
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SIMULATION: REPRODUCE LUX BANDS

Simulate LUX bands in LXe
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SIMULATION: REPRODUCE LUX BANDS

3.01 LUX bands
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Simulate LUX bands in LXe

Assumptions for SXe:

Same as LXe except ERs get a 15% fewer photons which
are replaced (one-to-one) by electrons (NR unchanged)

Worse light collection -> wider ER band
But also band means separate

Net effect is an improvement in discrimination
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SIMULATION: ER/NR BAND SEPARATION

(HYPOTHETICAL 15% RECOMBINATION SHIFT)
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NEXT STEPS

» Test bed upgrades:
« More SiPMs, better light collection, position info

« Higher extraction field w/ new HV feedthroughs

* Further measurements:

* Proper study of charge (S2 size) in LXe vs SXe

 Study Rn diffusion, Rn tagging

e Single e- stud
J ¢ Traditional LXe TPC

 Effects of freezing speed/procedure (*"*Pb tag very difficult)
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SUMMARY

e Reaching the solar neutrino limit for DM direct detection
will require innovation in detector design
e The solid xenon TPC is a promising new particle detector technology
o Expected to maintain the benetfits of LXe TPCs (or more!)
o Ability to remove the primary background to DM searches, internal radon
o Potential for further addressing remaining ER backgrounds through improved

discrimination
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