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Self-Shielding

High density (and high Z)
in LXe means particles
and radiation don’t travel
very far

Great for rejecting
background events in
large detectors

Makes calibration with an
external source difficult
for large detectors
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Self-Shielding in LZ

e | ZTPC ~1.5 meters in diameter and height
e Calibration sources must be injected directly into the liquid volume

NRs 6 - 30 keV

ERs 1.5 - 6.5 keV
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Source Injection Example in LUX: $3MKr

Demonstration of mixing with Kr83m
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source injection with a variety of radioisotopes =T L A | [ T G ]
e GXe flow carries calibration isotopes from o s N
generator into circulation, from circulation to é“”" « R i
TPC :Z(X) * . :.-;.:
= 250 i oL
Q d . . ’ e
e Noble elements like #™Kr pass freely through 0 RPEIN 5 i
the getter :
9 2.5 to 3.5 minutes
o e AR RN .;9
evaporator | Circulation - o I . % «® 5 '!.:' '..:
o
Eoo} "o e . ..',‘
Pt of o e % ';
B0l wf Mat g Gsee
e
0018, 2o & 221 matn

20 .-1.0 Q 10 20 -20 -1.0. 0 10 2(-)
S2 Position (corr.) [cm| S2 Position (corr.) [cm]|

arxiv:1708.02566 arxiv:1708.02566



UMass Hardware Contribution to LZ

A prototype of the LZ source injection system has been constructed
and is currently being tested at UMass Amherst
Goals:
e Refine injection system and generator design, and fabrication techniques
e Develop new injection procedures for better precision and accuracy

e Practice performing injections with the prototype before construction of the
LZ source injection system is scheduled to begin



Internal Calibration Sources

Source Type Energy Half Life Purpose
131my e Internal conversion 164 keV 11.8d 3D efficiencies and
gains & 3D position
83mKr Internal conversion 41.5 keV 1.8 h correction
220pn Alpha(s) several high energy Skin caélg:bratlon
& & alphas (~7000 keV) 10.6 h Material surf
(Rn Daughters) (Betas and Gammas) and betas ateria :?U ace
physics
18.6 keV ~days long
3H Beta ena oint purification timescale
P (12.3y)
ER energy scale &
~days long discrimination
14 156 keV . . .
C Beta endooint purification timescale
P (5,780 y)



Generator Materials for Injected Calibration Sources

Electroplated ??8Th on platinum
(commercial source)

228Th —>224Ra—>22°Rn

Passive matrix of anhydrous
sodium phosphate dosed with 3|
solution within gelatin capsule

Activated charcoal dosed with
83Rb aqueous solution

131| N 131mXe



Flow-through Generator Design

e Source volume enclosed by
sintered-nickel filters, valves

e Generators all have same overall
length and panel fittings -
interchangeable on panel

e Source is attached to VCR cap for
easy installation and removal in 83Kr
and 3'MXe generators




UMass LXe Detector

e Single phase (‘S1 only’) LXe detector

LXe Outlet

e ~1kg LXe between PMT faces

e Constant GXe recirculation and purification with getter as in LZ




UMass LXe Detector Features

e Monolithic VUV-reflective PTFE walled LXe volume
e Temperature monitoring and capacitive liquid level sensing inside cryostat
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Complete UMass System




Circulation and Injection System
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meets circulation ~ From betector B
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in LZ
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Prototype LZ Source Injection System

Injection procedure:

e (GXe carrier moves
calibration isotopes from
generator to isolated
dose volume

e Dose volume is opened
and flushed into
circulation with GXe
carrier

Flush

= DOSe Volume

=== Generator Dose
Path

e Precise dosing achieved
with combination of mass
flow and pressure
measurements

e Injections will be fully
automated
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Summary and Future

e Self shielding in large liquid noble detectors requires injection of calibration isotopes
directly into the liquid volume

e Internal source injection has been employed successfully in LUX and other similar
experiments

e At UMass Amherst, we are drawing from past experience to refine the injection system
design and the procedures for internal source injection in preparation for LZ

e Thorough testing of the LZ injection system prototype will be completed before the first
injections in LZ are required
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Energy corrections with 3™Kr in LUX

83mKr Events Selected in Analysis:
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LXe TPC Operating Principle

e Interaction in LXe produces:

o  Prompt scintillation photons (S1)

from de-excitation of molecular S2
dimer Xe*z.
o Free electrons E |
field
e Electrons drifted out of liquid, produce ’ Drift time

indicates depth

O]

electroluminescence photons in GXe (S2) Particle

e Allows precise vertex location

e Discrimination between nuclear and
electron recoils by relative S1 S2 size.

arxiv:1509.02910
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The LZ Experiment

7 tonne liquid xenon
time-projection

Instrumentation conduits
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