


Where will dark matter direct detection be in 20252
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But must reach the neutrino floor: 7

100
WIMP mass [GeV/c?]

« A G3(i.e. 20+ tonne) xenon TPC

would require a lot of: Figure from LZ: arXiv:1802.06039
« time (10+ years)
- money ($200+ M)

Not obvious this is the best path
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Limitations from LZ backgrounds
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Run LZ for longer?¢

Doesn’t work.
Backgrounds win,
mostly radon

[cm?] at 40 GeV/c?
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Get better at radon reduction?

Active area of R&D. HARD.
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XENONIT prediction w/o cryogenic distillation (dash) and
measured w/ cryogenic distillation (shaded)
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LZ plot: arXiv:1802.06039
XENONZIT prediction: arXiv:1512.07501

l XENOI\IllT actual: arXiv:180|5.12562
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Solution: CrystaliZe

solid xenon top
 Freeze LZ:

Radon emanated from surfaces ‘t; | \

now excluded from solid bulk | | \ \
R - W\

In a crystal, radon decay ' | |

daughters would stay at the

same (x,y,z) as the parent,

enabling tagging/veto

-
-

DAMIC has used this trick in Si
arXiv:1506.02562
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Rn daughter tagging

.

214Pb
26.8 min

S

Primary culprit
from Rn bkgs

ldentify

\:

214Bi
19.9 min

A

This is an easy sequence to tag if all the decays happen in exactly the same
spot in a low-background instrument

(similar situation for 220Rn chain)
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Radon tagging by the numtbers

« InLZ, Rn emanates into the
liguid and flows in to the bulk

In crystaliZe, Rn would emanate
into the bulk for O(100) days
while the crystal is growing;

then, Rn in bulk target would be
fixed and decay away
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from Table IlI

arXiv:1802.06039
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Two slopes towards discovery

- a crystalline xenon TPC
(“crystaliZe”) would progress
along the first slope for longer
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crystaliZe looks technically feasible

Solid and liquid xenon have
similar physical properties

Solid xenon emission TPC is
expected to perform as well as a
liqguid xenon emission TPC
band gap (hence W-value)
electron mobility (doubled)
electron emission
density (20% bonus!)
high voltage **

Similar scintillation signal
observed in solid and liquid
cf. arXiv:1410.6496 and
arXiv:1508.05903
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Phys Rev B 10 4464 (1974)

| solid and liquid xenon. Values of other data used in the

TABLE II. Comparison of transport parameters in

calculations are also quoted.

— — —

Solid Liquid
T =161.2°K T =163 °K

9.272 9.22
1.063 1.084
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Technical Challenges

« Single e- sensitivity?

« Retaining high purity while
crystallizing

[atm.]
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- likely requiring elevated
temperature bakeout
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« Precise temperature gradients
require more elaborate
control/measurement of T

arXiv:1410.6496
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Test Bed Design

Two phase Xe mini-TPC

~500 g Xe when full

S1 and S2 readout:
SiPM arrays (4 top, 4 bottom)

Top SiPMs

10.5"
Gate grid

I 0.5 Cathode grid

Bottom SiPMs
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Why SiPMs?

Compact — less Xe needed

No vacuum space — no structural
concerns, esp. during freezing

QE extends to deeper-UV light
that may be present in ice

Single dark counts

Double dark counts
ttom SiPM arra

g 5 rom abo
s e s ; : i o
300 400 500 600 700 800
Pulse area (mV*sample) A
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TPC Tests

« Observe S1s and S2s in Xe

- Clear indications of freezing:

Millivolts
wu
o
o

« Vapor pressure below triple point

« Drift time halves

3.5 4.0 4.5
Time (us)

External 232Th source in LXe External 232Th source in SXe

4 ' o
drift time (us) drift time (us)
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CRYSTALIZE: SUMMARY

S

neutrino floor -

Performance of large Xe detectors expected to be limited by Rn before
reaching the neutrino floor

CrystaliZe is a logical upgrade path for LZ to reach the neutrino floor
(+solar neutrino science), if it works

Near future: establish if crystalline xenon emission TPC maintains all the
benefits of the liquid xenon emission TPC
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EXTRA SLIDES FOLLOW
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Test Bed Design

Top SiPMs

Io.s
Gate grid

I 0.57 Cathode grid

Bottom SiPMs
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LXe convection ~6 cm/min l.e. too fast
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Phys. Rev. D 95, 072008 (2017)
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Operation of a crystalline Xe TPC

Sorensen, PhD Thesis (2008)

[atm.]

1.0F

| — Xe phase transitions _

| = - Xe liquid density [g cm™]|
| =~ ~PMT maximum rating
@, XENON10 operatlon

100 120 140 160 180 200 220 240 260 280 300
Temperature [K]

Pressure

0.1

Figure 3.22: Phase Diagram for Xe (data from [127]) and liquid Xe density (data from [123]).
For dual-phase operation as in XENON10, the comfortable operating window is indicated by the
red circle. Higher pressures are excluded out of consideration for the PMTs (which are rated to
a maximum of 5 atm, above which they will crush). Lower temperatures dictate a lower vapor
pressure, which reduces the efficiency of the S2 proportional scintillation (Sec. 2.2.4). It is also
necessary to stay safely above the 161 K. to exclude the possibility of sublimation.
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L/ Backgrounds

TABLE III. Estimated backgrounds from all significant sources in the LZ 1000 day WIMP search exposure. Counts are for
a region of interest relevant to a 40 GeV/c® WIMP: approximately 1.56.5 keV for ERs and 6-30 keV for NRs: and after
application of the single scatter, skin and OD wveto, and 5.6 tonne fiducial volume cuts. Mass-weighted average activities are
shown for composite materials and the 21 and *Th chains are split into contributions from early- and late-chain, with the
latter defined as those coming from isotopes below and including ***Ra and “**Ra. respectively.

Background Source | Mass | >°U, 22U, 22Th, 7°Th, "Co K |[n/yr| ER | NR
(kg) mBq/kg (cts) | (cts)

Detector Components
PMT systems 308 31. 2.32 2.29 248 2.82 | 0.027
TPC systems 373 .84 0.76 . 79.9 4.33 | 0.022
Cryvostat 2778 ; 0.48 0.51 323 1.27 | 0.018
Outer detector (OD) 22950 T J.78 3.71 2061 0.62 | 0.001
All else 358 0.55 0.65 39.1 0.11 0.003

subtotal| 9 0.07

Surface Contamination
Dust (intrinsic activity, 500 ng/ em”) . 0.05
Plate-out (PTFE panels, 50 anfcmz]l 0.05
*Bi mobility (0.1 pBq/kg LXe) .
lon misreconstruction (50 nBq/ cm”) 0.16
*'%ph (in bulk PTFE, 10 mBq/kg PTFE) 0.12
subtotal 0.39

Xenon contaminants
**Rn (1.8 pnBq/kg)
*'Rn (0.09 uBq/ke)
"“Kr (0.015 ppt g/g)
"' Ar (0.45 ppb g/g)

subtotal

Laboratory and Cosmogenics
Laboratory rock walls 6 0.00
Muon induced neutrons 0.06
Cosmogenic activation -
subtotal 0.06

Physics

1 Xe 2038

Solar neutrinos: pp+TB-e+mN. ﬁB—-—.an.'p
Diffuse supernova neutrinos (DSN)
Atmospheric neutrinos (Atm)

subtotal

Total

Total |'_wit_h 99.5% ER discrimination. 50% NR efficiency) 3

Sum of ER and NR in LZ for 1000 days, 5.6 tonne FV, with all analysis cuts
* Below the 6 keV NR threshold used here.
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#2Th Decay to ***Pb

Principal Gamma Ray Lines
keV Py +ce x 100
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Kevin Lesko

July 2017

data from
http//www.nucleide.org/DDEP_WG/DDEPdata htm

1 Bq/kg *“Th = 246 ppb Th (246 x 10 gTh/g)
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PREVIOUS WORK

. arXiv:1410.6496 and arXiv:1508.05903

e optical photon collection comparison to liquid — mild decrease
e charge drift comparison to liquid — factor x2 faster

. solid xenon bolometers (2013, Drexel)
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http://adsabs.harvard.edu/abs/2014APS..APRJ12002D

Old Paradigm

XENON

Matter Project

Phases of the XENON program XNe

LUX LZ

XENON100 XENONIT / XENONnT

20-50 tonne
liquid xenon
TPC

2005-2007 2008-2016 2013-2018 / 2019-2023
15 cm drift TPC - 25 kg 30 cm drift TPC — 161 kg 100 cm / 144 cm drift TPC - 3200 kg / ~8000 kg

Achieved (2007) Achieved (2016) Projected (2018) / Projected (2023)
Og = 8.8 x 1044 cm? Ogr = 1.1 x 104 cm? 0g=16x104cm? / og;=1.6 x 1048 cm?

Elena Aprile (Columbia) XENONT1T: First Results @ Andes 2017, June 30, 2017

Scott Kravitz (LBNL) / CPAD Workshop / 8 Dec 2019




