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The Dual-Phase Xenon Time Projection Chambers (TPCs)

e High scintillation light and
ionization charge (e") yields

e High Z, A, and density:
self-shielding of backgrounds

e Energy reconstruction, across
two channels (S1 and S2)

e Robust 3D position
reconstruction, mm-cm level

e Relatively easy to purify to a
very high degree

e No low-energy, long-lived
radioisotopic contaminants

e Long history of TPCs across
fields and across the globe
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LZ is to LUX as CMS and ATLAS are to DO and/or CDFZ/IS
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How to Avoid a False Positive Detection Claim in LZ

o
7 tonne liquid xenon Instrumentation conduits
time-projection = _ - Existing
chamber \ W water tank

\ ‘ o ™ .
Gadolinium-loaded

Liquid Xe ) ‘
qheat — liquid scintillator
exchanger ; 120 outer
) N ) detector P
PMTs

, B 7” S 2 O
High voltage 4 ' 1

feedthrough )

494 photomultiplier tubes (PMTs)
Additional 131 xenon “skin” PMTs  Neutron beampipes

LZ’s TDR (Technical Design Report)

Go underground to avoid cosmic

rays (huge rock overburden)
o Especially muon-induced neutrons
o But rock itself radioactive to a degree!

Have a water shield for leftover,

energy

high-E cosmic muons and the rock
o Used as an active veto (coincidence)

Put additional layers between the
water shield and the LXe TPC

o Gd-doped liquid scintillator -> neutrons
o Liquid Xe “skin” (no S2) -> gammas
Radiopure construction materials

o Even human sweat is radioactive!

o Comprehensive paper on cleanliness
EJPC https://arxiv.org/abs/2006.02506
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The Sanford Underground k
Research Facility, in beautiful ‘
s Lead, SD (site of Homestake gol m‘ine) .

1T —

We go 4,850 feet underground!!
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174 nm ultraviolet photons
o No wavelength shifter
needed (compare to LAr)

Teflon to reflect it (at right)
o ~100% reflective (diffuse)

Approximately 5.5 tonne

fiducial mass (largest)
o The outer detector was key

99.75 10 99.9% <- not best (cf. LAr) but good enough!
discrimination of electronic
recoil (ER) backgrounds Q

o Depending on E spectrum
A 50% efficiency point @

5.5 keVnr (nuclear recoil)

o But non-zero efficiency dowpyow known? NEST!
to the sub-keV scale https://github.com/NESTCollab

A US DOE flagship project "

More Xenon
& LZ Facts |

s fag”
|z
f
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SR = Science Run

LZ’s First WIMP-Search Results: SR1 (Published Recently

https:/arxiv.org/abs/2207.03764 or => https://journals.aps.org/pril/abstract/
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Z [cm]
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(a) Observed 2'#Po Distribution
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(b) Observed 24Po Distribution

https://arxiv.orq/pdf/2211.17120.pdf
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(c) Simulated 2!4Pb Distribution
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distributions<-

of selected ??Rn daughters
222Rn’s distribution can be
considered to be almost the
same as that of ?'8Po (in a)
e Forthe observed

distributions, two additional

dotted lines further separate
s the FV into upper, lower &

80 g :
* ¥ outer regions, for the table
60 3 = . . .
o : o To quantify non-uniformity
¥ Radon TPC Rate Single Scatter FV Rate Lower Rate Upper Rate Outer Rate
20 | Isotope [1Bq/kg] Efficiency [1Ba/kg] [1Bq/kg] [nBa/kg] [1Bq/kg]
Ry 4784033 0.96 + 0.03 462 + 0.87 2.64 + 0.60 3.38 £ 0.76 632 + 1.33
[() == S R S S — B op, 4804034 0.98 + 0.03 453 +0.84 2.64 + 0.60 3.60 + 0.83 6.26 + 1.31
200 300 40 50° 60° 2Py (824061070 056+ 0.25 (469 % 3.15)1075 (6.43 £ 4.39)107* (248 + 1.69)-10~° (7.63 % 5.18)10~3
R? [sz] 2ipg 2.65+019 (114 £038)107%  2.07 £ 0.95 0.76 + 0.45 1.09 £ 0.65 3.37 £ 1.99
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(d) Simulated 214Po Distributi
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Events / keV,

Event Rate in *Ar Contour [counts/day]
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Backgrounds in Science Run 1: E (Energy) Histograms

Selection description
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At right, the same information is conveyed,

except a bit more, on a log-y scale, and
normalized to per tonne per year per keV

10/15


Matthew Szydagis


Matthew Szydagis
10/15


The Backgrounds in Science Run 1: S2 versus S1
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LZ Constraints on the WIMP Interactlon Strengths (SI and SD)
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But Wait...There’s More! Other LZ Papers

e Energy extension for EFT-motivated dark matter searches (higher-energy NR)
e Low-energy ER

o Axions and ALPs (axion-like particles)
o  Neutrino physics
o The Migdal Effect

e High-energy ER

o Ultra-heavy dark matter

e Ask me questions please, | have plenty of backup slides on these analyses :-)
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Conclusions, and Then Q & A

First off, let us remind ourselves that we are here to make DISCOVERIES
o Not just set an umpteen number of limits, which can rapidly become very self-reinforcing / sad

No dark matter conclusively observed yet, but we have to keep on trying,
because of mountains of evidence from astronomy, astrophysics, cosmology

o  We're still orders of magnitude away from the neutrino fog
Null results are extremely valuable: just ask Michelson and Morley for one
Lack of discovery of vanilla WIMPs in the traditional parameter space motivates
looking elsewhere; hence, LZ is conducting searches high and low (in mass)

o  Future work will include, but is not limited to, S2-only limit, WIMP-pion scattering, supernovae..
LZ running stably for now, with possible future upgrades: HydroX? Crystallize?
What are (or would be) dark matter particles good for — in practical terms?

o The same question could have been asked of electricity (Faraday) or of antimatter (PET scans)
o Right now we're just extending the boundaries of human knowledge, as with Higgs physics

But we’ll have to find it first!! LUX-ZEPLIN is boldly going into new territories
14/15
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LZ (LUX-ZEPLIN) Collaboration, 38 institutions
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Thanks to our sponsors and participating institutions!
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For | dipped into the future, far
as human eye could see, Saw
the Vision of the world, and all
the wonder that would be.

~ Alfred Lord Tennyson
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( SCIENTIFIC SURE. SCIENTISTS COME | FOR EXAMPLE, SCIENTISTS | I LIKE TO Y | INSTERD OF

NAMES ?

UP WITH GREAT, WILD THINK SPACE IS FULL OF SAY "QUARK 7 | MAKING AN \DIOT
THEORIES, BUT MYSTERIOUS, INVISIBLE MASS, | QUARK,QUARK }(} YOURSELF, WHY
% THEN THEY GIVE | SO WHAT DO THEY CALL IT? | QUARK, QUARK ! DONT You GO
ark Matter e e
% 7\ UNIMAGINATWE | T TELL YOU, THERES A (51 “S SCUENTISTS ?
4 NAMES FORTUNE TO BE MADE Rxe ;
_// HERE T {
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The multiple components that compose our universe Calvin & Hobbes
Current composition (as the fractions evolve with time) by Bill Watterson

Scurk

MONNDDD —————5xked- A Bi¢ Hole in Our Knowledge
e DEPARTMENT OF :
: ASTROPHYSICS :

MOTTO:

YES EVERYBODY HA5 ALRERDY HAD THE IDER, ' Dark matter . .
s | What is this
: dark matter?

i B o Bl WIMPs? (Weakly Interacting
oy /itomlc.matter\- Massive Particles)
Dark energy 5% _Neutrinos

(zombie) B 3 Sty ]
690/0 Y B
Photons
. http:/edn.phys.org/newman/gfx/

news/hires/2015/

\ Black holesl thedarksideo.png

The Millennium Simulation of Large Scale Structure
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The Observational Evidence

weak gravitational lensing

revolu’gion) ( Dr. Vera
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How to Look? Directly

Cryogenic Superheated
SuperCDMS  "oneen I
- (the other DOE G2 WIMP project) PHONONS / HEAT
Collider T
= Cryogenic bolometers Scintillating cryogenic
p rOd u ctl 0 n with charge readout WIMP\ bolometers

(LHC: like ATLAS and CMS)

‘ L
2
/
A X N/
X
A - \

Germanium 4 N Scintillating
detectors / \ crystals
cHarce — LZ LIGHT
e Liquid noble-gas tmd .
m ool o
X projection chambers

dark mediator M.
(masses and

coupling strengths
all unknown!)

(“billiard ball” collisions. Still
need mediator. Higgs perhaps?)

detection

Freeze-out,

—’
indirect detection

(e.g., NASA! FERMI Telescope, AMS) (actual force = ??7?)
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Left: Fitted (SR1) detector
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Chain estimate [Bq]
Top 1.13 £+ 0.11 1.05 + 0.11
50Co Side 1.18 + 0.12 1.12 + 1.02
Bottom  0.81 £ 0.08 1.53 + 0.19
Total 3.11 + 0.18 3.71 + 1.04
Top 7.63 £+ 0.76 2.94 + 1.66
0K Side 2.56 + 0.26 6.32 + 0.61
Bottom 6.54 £+ 0.65 5.58 £ 2.19
Total 16.73 + 1.04 14.85 + 2.81
Top 0.28 £ 0.03 0.33 £ 0.29
Z2Th-early  Side 0.66 £ 0.07 0.66 £ 0.49
Bottom  0.22 + 0.02 0.23 + 0.17
Total 1.16 + 0.07 1.22 + 0.59
Top 0.25 + 0.02 0.11 + 0.16
282Th-late Side 1.05 + 0.10 2.57 + 1.75
Bottom  0.30 & 0.03 0.32 £ 0.27
Total 1.59 + 0.11 3.00 + 1.78
Top 2.37 + 0.24 3.70 £ 1.80
B8 U-early Side 1.99 + 0.20 3.92 + 1.53
Bottom 1.86 + 0.19 2.72 £ 1.40
Total 6.21 + 0.36 10.34 + 2.75
Top 0.84 & 0.08 0.63 + 0.30
8 late Side 0.54 + 0.05 3.01 + 0.61
Bottom  0.95 £ 0.09 1.28 4+ 0.73
Total 2.32 + 0.14 4.92 4 1.00

cumulative source activities for different groupings
of sources used in the FV fit. Best fit #s were
derived from that: lower left from the last slide.
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Rate [counts - tonne™! - yr!]

B e e e  EEAE R R
~— Solar v ER — TAr — (3 Decays & Det. ER Sys. rate unc. e Data
1]|=— 1Xe — 127Xe == Total background Sys. & stat. rate unc.

The Time Dependence o~ .
of the LZ Backgrounds

https://arxiv.org/ddf/2307.15753.pdf

Event Rate [Counts/Liveday]

10" 1 E
01-12 02-04 02-27 03-23 04-15 g
T T T T T T [ T T T T T T I T T T I T '_|_l
7 L =g Uhve  iaims *TXe: fixed t,, =36.4d e i
107 £ 131m 131m 12 3
E +129mxe lznge:ﬁxedtl/2=ll.8d = ot bl b b b P e
C _z._ 133 Xe 133 Xe: ﬁxedtl/2=8,88d 7 0 10 20 30 lg)l 53 ;O 7[(])) 85) 90 100 110 120
b F— Xe Xe: fixed t,,=5.2d 7] alencar . Ume |1ays
Pesesece. opu ” !
*oteene. .. .
10° Jasae s NS E Component Halflife  Pre-DD Fit Post-DD Fit
o. .
29%%' % ety .. - . [days] [nBq/kg] [1Bq/kg]
[ ey, e % g 2"Xe 36.4 92.88 + 0.38 89.65 + 0.48
Pge > R O 131my e 118 18.87 +0.13 108.11 + 0.74

" 1 5‘5‘{:“ ees gircutlation
e X ven
107 %3 :A“‘m&; ¢ 129 g 8.9 4.91 + 0.23 193.04 + 6.93

i Y .

"“Ifz?'i %ﬂ}l T % 198%e 5.2 2.01 + 0.11 1467.15 + 22.21

i 13 1 L3 . 125X e 0.7 - 26.70 £+ 1.74
s .u 214py, : 3.05 £ 0.12 3.10 + 0.10

10* DD Calibrations g =

E "E{ : 212py, - 0.13 £ 0.01 0.11 & 0.01

C : 155%e = 3.89 £+ 0.18 3.96 + 0.17
B o 85Kr - (4.21 £ 0.42)-1072 (4.18 + 0.42)-10>

0 20 40 60 80 100 120 13519 Katakura, Nuctear Data Sheets, Vol 112,495 (2011).
. . a Note that 125Xe has a 16.9 hour half-life and is only

Time Since Start of SR1 [days] measurable in the post-DD period [35]. With little time to
) . homogenize, its distribution was seen to be highly non-uniform
https://arxiv.org/pdf/2211.17120.pdf following DD calibrations, constrained to the upper third of the

TPC, therefore its one-tonne estimate is not representative.


https://arxiv.org/pdf/2307.15753.pdf
https://arxiv.org/pdf/2211.17120.pdf
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An Extension of the Energy Window

| L N TN SN T LR N
= Trigger H :
0.8 ==+ §1 threshold And Wha IS the —
= + SS & data analysis cuts Qurpose O this??
—— +ROI i
> | | T T T T T 3T 1T T 7171 1
2 0.6 Lof : :
2 | 0.8 : .
2 : - [ ]
E 0.4H 0.6~ ]
0.4 50% efficiency:
1 E 5.5 keV E
0.2 021 -
0'0_ 1 | 1 I 1 1 I 1 1 1 I 1 1 I__
0 2 4 6 8 10
G | | | | | |
0 50 100 150 200 250 300

True Nuclear Recoil Energy [keV]

350

black (gray) points show the data inside (outside) of
the FV, after all cuts and vetoes have been applied.
red X -> skin-vetoed and blue circles -> OD-vetoed
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Solid green diamonds = y-X BDT-removed post all other cuts

Hollow indicate events outside FV classified as y-X events

Drift Time [us]
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EFT (Effective Field Theory) Operator-Based Searches

gray: below 50% eff for NR

> 10
]
i
>
S 10"
2 . NOT have to be
2 4 B monotonically
§ 10 falling in E perhags!
m = (),
107 : 5 e

10 10

Events/kg/day/keV

E— 04 = 012 = (913

10’ 10?
True Nuclear Recoil Energy [keV] True Nuclear Recoil Energy [keV] True Nuclear Recoil Energy [keV]


https://arxiv.org/pdf/2312.02030.pdf
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Revised S2 versus S1 Parameter Space: Backgrounds

Red haze = detector neutrons

_ - . : Beige = detector ER
Pb-212 in green. reqUIred ’ Blue = all other ER sources

sob ER 'model modification _ . 4.50BJack dash = 1 TeV 06 isoscala
N 3 Red lines = generic NR -
i . . 425} , >
L Maximum allowed S2 r A
A4S rcrasﬁearné)"'j" e __400F 7
= =1 - ]
5 E R = . 3
S 4.0 o y extrapolated r_obustly 5 C 7
> — nt using NEST, and &
= B R pr|or NR calibfations 23.50F , .
o035 : o m N &0 y=—y §
2 o - E-" S | A i) F 18 \ Source Expected Events Fit Result
o 2z 5% 4 395E | T FltER 5174 & 828 5747 % 30.2
e » FI% 2l A - ‘ Detector ER 184+ 9.2 22.3 £ 8.1
i & 2 z ] \ v ER 55.3 £5.5 55.5 + 5.5
3.0k a e B r - b & 121X 8.2+ 2.0 8.7 + 2.0
1 3.00F o £ = 127Xe 205+ 1.8 20.8 £ 1.8
1 L % 4 g 136Xe 55.1 + 11.6 58.2 + 11.2
* . i - 2 g o 1251 30.1 £ 15.6 34.2 + 8.9
25 PSR SR N o Xy [ 1 S S L S T S °B CEvNS 0.14 + 0.01 0.14 + 0.01
05 1.0 1.5 2.0 55 ’ 0.5 1.0 Accidentals 1.3 + 0.3 1.3 + 0.03
: ‘ : : Subtotal 706 £ 86 775 £ 34
logo(S1c [phd]) log 3TAr [0, 288] 19594
| True SS True ’)/'X Detector neutrons 0.070-° 0.0"1#
note ch ange of S1 axis to IOg Predicted SS 99.997 £ 0.005 04£12 Total z 825 £ 36

Predicted y-X 0.003 £ 0.005 99.6 £1.2
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And... Simulated Dark Matter Signals!

= . . .
) plus, a quick comparison to earlier works
gL Please see arXiv:2312.02030 for these references []
2 Experiment Basis Limit Type Conversion in plot
20 c=3(+c")
L Xenon100: 2017 NREFT [10] &= i(c” —) (cf x mf})Z None .
o — &4 em different bases
LUX: WS2014-16 NREFT [9] = (@ om) (c5 x m2)> 1 are used by
s — 1 n
PandaX-II: SD EFT [§] ©Z1 Eif, + 27% 42/ [ ] (d5)? everyone,
L f o E licati
, , ¢ =P+ T complicating
LZ NREFT (This analysis) C: _ %(c” B C:) (c;’” xm?) None the ab|l|ty to
% NRET Theory paper [14] z” z %Eﬁ, —t (;n; N/A N/A make
= .
=) LUX: Combined 2017 SI [55] N/A o og,ﬁ comparisons
3] GeV N i
a ) =t N N owmb (LUX no exception,
V\_,; PandaX-4T: 2021 SI [56] N/A os1 aslm despite ~same
o LZ: 2023 SI [1] N/A ol o8 - people!;)
E) (CW)4“N
XENONnT: 2023 SI [2] N/A b o8
(Gev )21y

Solid lines represent the limit on O1
isoscalar from NREFT analyses: LZ i.e.
this work (black), PandaX-Il 2019 (blue),
XENON100 (magenta), and LUX WS
2014-16 (brown point). Dotted lines
1000 GeV, O3, represent recast Sl limits, adding

' XENONNT (yellow dotted) and LUX full

4 10-101 Ll Ll P

exposure (brown dotted). All at the right: io i T
WIMP Mass [GeV/c?]

[ -, - | 1 1

1.0 1.5 0 25

2,
log1o(S1. [phd])
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WIMP Mass [GeV/c?]

Results: 1 of
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1 1 1 L 1
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3 (scalar)
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WIMP Mass [GeV/c?]

T T

10 10’ 10
WIMP Mass [GeV/c?]

10° 10
WIMP Mass [GeV/c’]

10 10° 10
WIMP Mass [GeV/c?]
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£l 1 1 el 1 1 1 1
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WIMP Mass [GeV/c?|

Results: 2 of

WIMP Mass [GeV/c?]
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L 1

v
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10' 10’ 10
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3 (vector)
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: Results:.
— | 30f3

WIMP Mass [GeVic!
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scalar |
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— 200 keV
—_— 250 keV o
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0 m

WIMP Mass [GeVie',

new paper brings even more to the table: https://arxiv.org/abs/2404.17666

WIMP Mass [GeVic'] WIMP Mass [GeVic”)
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[ XMASS ]
LZ Can f ................................ .j
So, What About ER? 2en . o~
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26Hidden Photons (coupling constant squared on y axis) a 1 Fommm e e (Y 1
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As in the case of the Red
Globular Cluster  Giant line on the last slide,
''''' ; 77 7 DM experiménts are sfill”
catching up to the
astrophysical constraints
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LZ Does
More Than
Just Dark
Matter:
Neutrino
Physics

Itis a
multifaceted i.e.
interdisciplinary
physics machine
(XLZD will be
such a detector
even more so)
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Dark Matter Still the Primary

Focus: ER-based in this case
The MIGDAL Effect (calibrations underway across world)

WIMP-nucleon og; [cm?]
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ER, much higherin E - Ultra-Heavy Dark Matter
] el (only a fraction of initial E lost; tracks!)
3 THE BASI(_: MODEL
) 1_ _ i = TrueI: scatters | | | #
A\ | [—=sws SIMULATIONS /]
% 500 1000 1500 2000 | — Sl1 pulses / 4
v [km/s
e MIMPs not[W]IMPs! or, o
Multiply-Interacting P
_ -»Massive Particles 2 2
o Above: MIMP velocity § | £
distributions with the g £
SHM in red for £ Eu
comparison to them <

e Right: avg. num. of
reconstructed pulses
in sim data. DM 0

example mass of i
https://arxiv.org/pdf 10M7 GeV T B OO BRSO BRI
[2402.08865.pdf ¢ |nset 2D ROI and 107 107 107 107" 107

MIMP events sample DM-nucleon cross section [cm?]
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LO—17,

0.15 300 _
0.9 i) i
Q -
2 0.10 200F ]
0.8 = i
3 2 L
g g i
o7 ] ] = s 100 5
S i ]
< | Data Quality Cuts = : :
0.6 ]
i 0.00
3 C I 1 1 1 1 l L 1 1 1 I 1 1] 0 1 I 1 1 1 1 I 1 1 1 I 1 1
—— Good S1 ——— Velocity
0.5 | —— Fiducial —— ROI —345 —344 —343 -5 0 5
| —— Colinearity Total ] Tlme [IUS] Tlme [IU,S]
[ — Uniformit \ . . . .
e e MY= Ive S1 & S2 waveforms for Evt A highlighted in the last slide. Compare
Piiucleomeiosssiction o] the right (blue, S2) to Figure 3 of https://arxiv.ora/pdf/1310.1117.pdf
Cut ID |Name Description Events
0 Initial selection |See Section III (of arXiv:2402.08865) 10137
1 Multiplicity >1 Sls; >1 S2s 1538
2 Good S1 No S1s are overly concentrated in one PMT or have a coincident signal in the OD [1400
3 Fiducial > 2 S2s with z € (2, 135) cm and 7 < 70 cm 269
4 Colinearity Reduced x? < 2; scatters are causally ordered along the track 237
5 Uniformity Scatters are distributed along the track uniformly 67
6 Velocity Reconstructed v € (50, 1200) km/s 11
7 ROI Total S1 and total S2 area is within signal region 0
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DM-nucleon cross section [cm?]

The Final Results (SR1)

Spin-independent scattering (A scaling) 10-18 Spin-independent scattering (No scaling)
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Rate [Hz/phe]

475 P e e e e o e . R e R B B
102 LA DR L FRL AL B N S B I | 3 f T T |ﬁ3§ = ! ! + ! - : ‘_:
3 450 ~ - 1
— BG Data ] h 120 E
. 425 4 E a
10 = =) B 100 - 8 &
3 < 400 3 _ F 1
—— AmLi Data ] I as E B ®F -
1 = < 2 E N 60 -
E S 350 3 E ]
3 2 3 q 40 8 * i
] 3.25 F . . E|
_ z E . ]
107! = 3.00f e ¢ . b E
3 275 ) e v e e e e e e e |'| =
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102 riney S v = Slc [phd] R [cm]
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0 200 400 600 800 1000 1200 1400 1600 1800 2000 PPN IR S B 100 S O S O |
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OD Pulse Size [phe]

Total pulse size spectra in the OD
for both SR1 background data and
an AmLi calibration of duration 7.4
hours

FIG. 9. Locations of MS neutron events identified in the SR1 dataset, correlated across all three detectors. Top: Distribution
of the 10 identified neutron events in logio(S2¢)-Slc space overlaid with the MS NR band, as well as their averaged positions in
the TPC. White crosses denote three example events displayed in detail on the second row. Bottom: Chains of reconstructed
scatters demonstrating inter-detector coincidences in tagging neutron events. Working outwards: the red outline indicates the
SR1 FV; the gray curve highlights the TPC wall boundary in reconstructed space; the black box indicates the physical edges of
the active xenon volume; the teal profile denotes the liquid xenon Skin; the outermost green region represents the OD acrylic
tanks containing the GdLS. As the exact chronology of the event could not be determined, interactions were ordered by drift
time. Black circles denote the locations of the scatters with shortest drift time in the given neutron MS chain, with empty
circles showing the positions of other interactions in the TPC. Scatters in the Skin and OD are shaded in blue and green
respectively. Neutron captures in the OD are marked as a *, and resulting gamma-ray splashes observed in the Skin are labeled
with a pink cross. OD points are randomly assigned radial positions as XY reconstruction there is often biased towards the
centre, a correction for which is under development.

Additional Figures, From the LZ Backgrounds Publication
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Wall BG Modeling: The Position Resolution as a Function
of the S2 size

...........................
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450

Additional Plots from the Low-Energy ER Signals Paper

Figure 1: The SR1 search data (black points) is plotted 425 e
in the {Slc, log10S2c} space, after all cuts and o T

selections are applied. For illustration purposes, the
exposure is shown separated into two periods of equal

— 8

logp(S2¢ [Phq])

livetime (top panel is the first half of SR1, bottom panel = 525l ¢ =

is the second half). In both panels, the 1o and 20 o — e bR

regions are indicated for various background model | -

components: 37 Ar (orange contours), 2" Xe (green i

contours), ®B (filled green), and the broad-spectrum ER aasf T
.o 212p}, 214p} 85 RN

background encompassing “*“Pb, <**Pb, °°Kr, and :: ‘h.u. vvvvvvvvvvvvvvvvvvv

external gammas (filled gray). The solid red line
indicates the median, the dashed the 10% and 90%,
quantiles of a flat NR background. Thin gray lines
indicate contours of constant ER energy, with a spacing
of 2 keV,.. A reduction in 37Ar rate is the dominant
change between the two time periods. T T U U T S T

S1c [phd]

log,0(S2¢ [phd])
v o,
3
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