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Liquid Xenon TPC:
e 1.5 mdiameter by 1.5 m height
e Active Mass: 7't
o 623 kg of 1%%Xe

o 741kg of **Xe
e Fiducial: 5.6

494X 3” PMTs Titanium
cryostats

Existing
water tank

Gadolinium-loaded

liquid scintillator veto
3 components veto detector: : S

e Water Tank + Gadolinium-loaded LXe heat 120 Out
scintillator exchanger — g : 735Ee ’ detec‘:;r
e Liquid Xe skin tower d Lot C I NG PMTs

Scientific program
1.  WIMP search
2. Neutrino physics searches

o 2v2B - Q=826 keV ('**Xe)

o 0v2B-— Q= 2458 keV ('*°Xe)

m Requires good energy Cathode high 7 tonne active volume

. . : voltage connection  liquid XeTPC. 10 tonnes total
resolution for high energies (50 kV cathode)
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Mercury Algorithm

LRF
(per PMT Light Response Functions)

New method for

S2 Light Collection
Correction

zi Ai(0,0)
Clc (CE, y) — > Ai(zy)

ﬂi(x,y ) = Light Response Functions per

PMT

Valid for any subset of PMT
S2 from the bottom array for energy
reconstruction

PMT phd calibration

Non-invasive technique
developed for ZEPLIN
Time dependent

corrections of gains
Produced with Single
Electron events

NEVES, F., et al. Calibration of
photomultiplier arrays. Astroparticle
Physics, 2010, 33.1: 13-18.

S2 & S1 spatial corrections
with Rn-222 alphas

Measure g1 and g2 with
Doke method

Compare results NEST simulation

LZ Energy Resolution

(Noble Element Simulation
Techniques Collaboration)




@ Position reconstruction results
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e Two main features:

o Two hotspots on the left — most likely activity from two resistors located at the bottom of the detector (still under investigation)
o Low event density regions in the periphery — boundary condition artifact of the density algorithm
Xe-131m (164 keV)
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@ Doke plot - measure g1 and g2 Ly
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e S2 bottom only
e Density cuts (clean clusters) + Gaussian Mixture Model (initial guess) + 2D Gaussian Fitting (final results).
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@ Doke Plot

E=W

g1 g2

Valid only for Electronic Recoils

W = 0.0137 keV

ST 52
_|__

e These gains are not final and are subjected
to change as we improve calibrations and
analysis

Xe-127 EC+Xray multi step processes cause a
slight disagreement in the Doke fit
e to further explore through analysis of
multi-scatter events
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@ Energy spectrum

R<700 mm & 100 us < Drift Time < 900 us & Reduced y?< 10

Its effects are handled in the final energy resolution results

1 Xe-127 L lines (208.2 keV and 380 keV) have an unresolved M

4 shell contribution.
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@ Energy spectrum

R<700 mm & 100 us < Drift Time < 900 us & Reduced y?< 10
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@ Energy spatial dependency

R<700 mm & 100 us < Drift Time < 900 us & Reduced x?< 20
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IZ Peak Fi
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IZ Peak Fi
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Energy resolution vs depth
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e Study of effects leading to depth-dependent variations of the resolution is still in

Resolution (%) at TI-208 (2614 keV)

progress
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IZ Comparing with NEST
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https://github.com/NESTCollaboration/nest/releases/tag/v2.3.5

IZ Comparing with XENONAT e
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Both groups capable of demonstrating the excellent
properties of LXe
e |Zbetterby ~17% at 2.617 MeV

e |Z performing better than the resolution used in the

projected sensitivities for Ov2[3
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8284-0.pdf

@ Summary
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e The LZ experiment, while primarily designed for a WIMP search, has a considerable sensitivity
to neutrinoless double beta decay of *®Xe and **Xe isotopes

e The experiment has started taking science data, and extensive analyses are underway

e In this work we demonstrated the record energy resolution for any LXe detector
o Resolution of 0.64 * 0.02% at 2614 keV for the full fiducial
o Resolution of 0.56 £ 0.03% at 2614 keV for the bottom part of the detector (due to
improved S1 collection)
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IZ LZ overview - with field values
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Liquid Xenon TPC:
e 1.5 m diameter by 1.5 m height
e Fiducial: 5.6 T
o 494x 3" PMTs

Existing
water tank
3 veto detector: ——

Titanium

e Water Tank + Gd-loaded scintillator cryostats
e Liquid Xe skin

Gadolinium-loaded
¢ liquid scintillator veto

LXe heat
exchanger — , 7 tonne : 120 Outer
tower e { LXe TPC | detector

PMTs

Electric field maintained by 3 electrodes:
e Cathode HV of 32 kV and G-A of 8 kV
e Extraction field: ~7.5 kV/cm
e Dirift field: ~190 V/cm

o Max drift time: 895 us

Cathode high 7 tonne active volume

voltage connection  liquid XeTPC. 10 tonnes total
(50 kV cathode)
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@ Energy Reconstruction

22

F — W( S1 | 52 ) $2 =S2raw_area_phd x C,,(t ,7) x C, (x,y) X C (x,y)
1 g2 e C_, - Electron lifetime
W = 0.0137 keV e C, _-Lightcollection efficiency

o Cy - S2 yield (electron extraction and
electroluminescence efficiency)

Light collection correction C, (x,y) is applied w.r.t. position (0,0) and can be calculated as a
ratio of sums of S2 LRFs in the following way:
Z 2:(0,0) A(x,y) = Light Response

— — _i 7 Functions per
C,(63) = (SA0.0)M(S25)) = s tions per PMT

This correction is dynamically adjustable as summation can be taken over any subset of PMTs

S2 calculated from the bottom PMTs




@ Continuous PMT gain monitoring
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_i i i NEVES, F., et al. Calibration of photomultiplier arrays. Astroparticle
Non-invasive technique developed for ZEPLIN e g 1518
. . . . . . ysics, ,33.1: 13-18.

o Monitoring based on the Poisson distribution arxiv link

The mean signal, u, measured by a given PMT from an SE event
o varies with the distance between the SE and the PMT

Since the number of photons detected (phd) by a PMT follows a Poisson distribution, u can be calculated from
number of events that resulted in a null signal (below a given threshold)

P(p,n) = p"e /! ——p = In(No/N)
P(,0) =e™* = p=In(F) o=/ W
N = Total Number of events

The PMT gain correction is the ratio between average SE area and u



https://arxiv.org/abs/0905.2523

IZ Xe Peak Fit ™

e Improved Xe-127 208 keV and 380 keV (L shells) results

o Takes into account unresolved contribution from the M-shell EC
m [wo summed gaussians with a fixed energy difference of 4.1 keV and relative contribution of 22%

o Improves results by 0.50

The observed intensities of K-, L-, M-, and N-shell EC X-rays as fraction of parent
127Xe decays

Events Amplitude Expected (%) Observed (%)

K 332 keV 2067 18200400  83.37 82724
L 52keV 542 3090+£130  13.09 14.1£0.7
M 1lkev 164  580+50 288 .26x02
N 186eV 31 133423 0.66 0.6 £ 0.1

Link: Xe-127 analysis in LUX

AKERIB, D. S., et al. Ultralow energy calibration of LUX detector using Xe 127 electron capture. Physical Review D, 2017, 96.11:
112011.



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.96.112011

Statistical fluctuation =
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e Fit used to build a projection line in the following plot

X2/ Ngos = 38.0 /12
p0 = 0.3231 +0.0011
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Rec. Energy deviation from linearity (%)

Energy Reconstruction
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@ Energy spectrum (Xe act

R<700 mm & 100 us < Drift Time < 900 us & Reduced y?< 10

Its effects are handled in

the final energy resolution

results

T T 0

—|Xe-127 L lines (208.2 keV and

{380 keV) have an unresolved M

1shell contribution.
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- High(er) region

@ Energy spectrum

R<700 mm & 100 us < Drift Time < 900 us & Reduced y?< 10
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