The race to detect dark matter in the laboratory
(or hit the neutrino floor trying)
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Simplified contents of the universe
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We know the baryon content of the universe
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Simplest model for evolution of the universe
requires non-baryonic dark matter
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The existence of dark matter i1s an observational result
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Dark matter distribution follows ordinary matter
(galactic dark matter halo)

stacked weak lensing galaxy profiles
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galactic velocities: ~0.00 | ¢

a 100 GeV particle has:
E ~ 50 keV

T It scatters elastically with
a target atom on earth,

typical energy deposits are
O(10) keV

cf.arXiv:1311.6524
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Standard model of particle physics does not account

three generations of matter

(fermions)
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Farly seed of today's WIMP-search experiments

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by

Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-

teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10* GeV; or strongly interacting particles of masses 1—10" GeV.
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Predicted WINMP-nucleon scattering spectra
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Reprise of introduction

More dark matter than ordinary matter in the universe

Distribution follows ordinary matter — eg a halo of DM
surrounding the Milky Way

Electromagnetic interactions absent or highly suppressed

WIMPs are a prime candidate for dark matter. Their cross
section with ordinary matter is unknown

keV-scale scattering interactions expected, for all the simplest
models

keV? No problem, right?
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A 0./ kg germanium spectrometer

available sisnal: ~330 e-/keV LIMITS ON COLD DARK MATTER CANDIDATES
& FROM AN ULTRALOW BACKGROUND GERMANIUM SPECTROMETER
6520 X-ray Ahlen et al. Phys Lett B 195 603 (1987)
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Fig. 2. 1000 h of data from the Ge spectrometer are shown The
width of each channel is 0.2 keV. The identified peaks result from
the decay products of radioactivity in the exnosed solder.
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Lay of the land: dark matter parameter space
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Fvolution of detector technology
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“physicists confirmed dark matter in 998"

Add4
4 MIBE
Add4d

NICK STOCKTON SCIENCE 0S5.16.17 7:00 AM

PHYMCISTS CAN'T AGREE ON acccion anasenmotses
WHAT SCIENCE EVEN MEANS & ceinmimerca

ANYMORE

measurements. Some of these

criteria have been met; for

instance, in 1998 physicists

found proof of dark energy?,
which accounted for 70 percent of the missing matter that
inflation had predicted. Confirming other criteria has been
more elusive.

4 UPDATE 05/16/17 3:40pm ET — Previously this sentence
said physicists confirmed dark matter in 1998.
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A 10 kg x 25 array of Nal scintillator (DAMA) —

detecting dark matter since ~1998

B crystal

available signal: ~40 photons/keV

arxiv:1805.10486
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Figure 1: Cumulative low-energy distribution of the single-hit scintillation events (that
is each detector has all the others as veto), as measured by the DAMA /LIBRA—phase2
in an exposure of 1.13 ton x yr.
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Detection claim due to annual modulation signature
cf. COSINE experiment, Nature 564, p83-86 (2018)
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CoGeNT tacit detection claim e

CoGeNT
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Discrimination of surface and bulk events in CoGeN'T

Aalseth et al. Phys Rev Lett 106 131301 (2011)
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CRESST anomaly
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CDMS anomaly e
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XENONT00 anomaly 7
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PHYSICAL REVIEW D 88, 015021 (2013)
Xenophobic dark matter

Jonathan L. Feng,l”’< Jason Kumar,>" and David Sanford>*

'Department of Physics and Astronomy, University of California, Irvine, California 92697, USA
“Department of Physics and Astronomy, University of Hawaii, Honolulu, Hawaii 96822, USA

3Department of Physics, California Institute of Technology, Pasadena, California 91125, USA
(Received 20 June 2013; published 15 July 2013)

We consider models of xenophobic dark matter, in which isospin-violating dark matter—nucleon
interactions significantly degrade the response of xenon direct detection experiments. For models of
near-maximal xenophobia, with neutron-to-proton coupling ratio f,/f, =~ —0.64, and dark matter mass
near 8 GeV, the regions of interest for CoGeNT and CDMS-Si and the region of interest identified by
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"God made the bulk, surfaces were invented by the dewvil”

—W. Pauli

as quoted in Growth, Dissolution, and Pattern Formation in Geosystems (1999)

surfaces lead to:
*a dead layer in charge collection
*an opaque layer in scintillation detection

=> spurious events near energy threshold

meanwhile,
xenon | PCs have no walls!!
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Bolozdyna et al.,, IEEE Trans. Nucl. Sci. 42 (1995) 565
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|/ was designed to detect WIMPs

Instrumentation conduits

Cathode
high voltage
connection

Liquid Xe

heat / .S
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(x,Y,2) vertex reconstruction effectively removes the walls

arXiv:1802.06039
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One or Two!

|. Having figured out how to avoid spurious low-energy signals,
we can bulld a larger a liquid xenon TPC for a discovery-

class experiment to search for dark matter. The End!

2. As sensitivity improves, new pathologies and backgrounds
have an opportunity to transition from sub-dominant to
dominant
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L UX: state of the art in 2014

Source Background rate, mDRUg
y-rays 180 Zspas 0850
| 27Xe U:5i 0.02855 10 Leys
sub-dominant > 214py, 0.11-0.22 (90% C.L.)
|e-4 events/keV/kg/day K S 0t
Total predicted 2.6 £ 0. 25455 £ 04555
Total observed 3.6 1= 0.3stat

Phys. Rev. Lett. 112,091303 (2014)
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LZ: aiming for state of the art in 2020

arXiv:1802.06039
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RADON: ! adicactive

Radon is an odorless underground radioactive gas
that can enter your home through cracks in the foundation.

Radon is a known human carcinogen and leading cause
of lung cancer.

— N
Our state geology puts Pennsylvanians at risk ‘) N
of high radon levels.

Protect yourself and your
loved ones: Do a home
radon test.

DIY test kits are easy,
inexpensive, and sold
at hardware stores.

pennsylvania dep.pa.gov/radon
DEPARTMENT OF ENVIRONMENTAL 1-800-23RADON

PROTECTION
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L Z will be deployed at SURF, one mile underground

The Black Hills of South Dakota: Sanford Underground Research Facility

Sanford Underground
Selonce and Engineering Lahoratory
at Homestake

4850 Lovel
Dedicated June 22, 2009, by
Qov. Mike Bounds 1. Denny Sanford

(Two flights down)
| / water tank shield
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radon cleanroom

Bullding LZ at the surface In a reduced

=y <
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.,. |

#32
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Why radon Is such a tricky issue

|. Radon diffuses out of
detector construction
materials

2. It dissolves into the liquid
Xenon

3. Its daughter 214Pb has a
|0.6% branching beta decay
directly to ground
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| Z has good, but imperfect discrimination
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| Z radon mitigation strategy Is comprehensive

|. Massive material screening campaign. Build out the 238U
2. Massive cleanliness campaign. Build LZ clean

3. Charcoal trap radon reduction loop on gas-phase radon
emanation
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Comment on radon reduction results to date

XENON1T prediction w/o cryogenic distillation (dash)
and measured w/ cryogenic distillation (shaded) |

Active area of R&D.
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Projected LZ sensitivity in 2025

LZ will detect a
significant number of
solar neutrinos, but
radon Is going to keep
L/ from reaching the
neutrino floor

“radon rug” (?) I
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“Every problem has an instrumentation solution”

(THE JANITOR GWON'T |

ALLOW IT TN THE TRASH;
ONION RULES WONT
LET ME CARRY IT TO
STORAGE. SO I BUILT

| THIS CATM{IULT. J_’)

T'M NOT ALLOWED TO
GET A NEW COMPUTER
UNTIL I GET RID OF
THIS OLO ONE.

LIKE T ALWAYS SAY,
EVERY PROBLEM

HAS AN ENGINEERING
SOLUTION.

Hhhg © 1998 United Feature Syndicate, Inc.
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Refinement of the problem

o l B o
218Po 214Pb 214Po
3.1 min 26.8 min 164 us

B 0(
—_— | 210Bi | = | 210Po0
5.0 day 138 day
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Convective fluid flow in liguid xenon

. Lo e, : _
-?50 -100 -50 _ O 50 100 150 8

Y [mm]

.e. too fast
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Instrumentation solution: crystallize

arXiv:1410.6496

- crystalline xenon TPC instead
of liquid xenon TPC

- Radon isn't soluble In a
crystal

* In a crystal, radon decay
daughters would stay at the
same (X,y,z) as the parent

Peter Sorensen / Physics Division Senior Scientist / Berkeley Lab / May 2019  # 41



Similar particle detection properties

Phys Rev B 10 4464 (1974)

TABLE II. Comparison of transport parameters in
solid and liquid xenon. Values of other data used in the
calculations are also quoted.

- Solid and liquid xenon i Ligu
T =161.2°K T =163 °K Unit
have similar physical g sa o v
. G 1.063 1.08‘1 eV
€ 2,002 1.85 .
properties it ame o electron mass
o ] 2 x e V-l -1
 electron mobility % &0 ’;18-? 34 %10F  gan
. . - X -6

- electron emission p I:;G:igx-osf ﬁzgsxlgig o

* band gap (hence W-value) :2L“ D8 x0T 42 X0 em

* density (20% bonus!) f— —
« cf.arXiv:1410.6496 and arXiv: [ETE 55 860 (1982)

1508.05903
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Similar cryogenic requirements

[atm.]

Pressure

10::?:_::_::?:_::_:::::::::: : : 2 :
Solid ™
1-0_ ........................................................................................
'—X'e phaSe transitions 1
| =~ Xe liquid density [g cm'a] |
PMT maximum rating
: @, XENON10 operatlon
0.1+ :
100 120 140 160 180 200 220 240 260 280 300

Temperature K]

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.
a maximum of 5 atm, above which they will crush).
pressure, which reduces the efficiency of the S2 proportional scintillation (Sec.

Higher pressures are excluded out of consideration for the PMTs (which are rated to

Lower temperatures dictate a lower vapor
2.2.4). Tt is also

necessary to stay safely above the 161 K, to exclude the possibility of sublimation.
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Crystal growth will be a key technical challenge

* Need to retain high purity while
crystalizing

- would take O(I year) to
crystallize LZ

- Need to control outgassing
of impurities

* Need more precise temperature
control to maintain crystal growth

arXiv:1410.6496
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Radon events In L.Z and In crystaliZe

L/ crystaliZe

10 - 10 -

---- 214pph (vetoed)
---- 210pp (vetoed)
---- 210Bj (vetoed)

[

o
o
]

681 events total 10° ;

111 events total

events per day
o

10_1?
40 events total :
13 events total
1072 - 102 5 AT
— 214pp (U chain) : Ell:___ 4 events total
—— 212pp (Th chain) ':'T: _____________________
—— 2198 (U chain) X
10-3 ——"—m————"—-+——————10"3 s
0 200 400 o600 800 1000 0 200 400 600 800 1000
time / days time / days
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crystalLiZe projected result

crystaliZe 5600 kg x 1000 days search:

370 BG events

P u
0) o
1 .

=
o
M B

|/ from Rn
200 from solar nu
(o] -
——————— <| atm. nu
o o o % o - o .
00 @ -0 S & & 20l 4ogpipen
SR o 20 P

: 8°° O of

logl0[detected electrons x83 (S52c)] / phd

3.5 1
// three hypothetical WIMP events at |e-48 cm?2
3.0
2.5 L I B I e L I B A B B B
0 10 20 30 40 50 60 70 80

detected photons (S1c) / phd

R&D underway in B/70A
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Thank you

B
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