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Xenon TPC basics

Dual-phase, dual signal readout

* Scintillation photons

* Promptly detected

e ~10% collection efficiency
* Jonization electrons

* Delayed by electron drift time
(depth below liquid surface)

* ~100% collection efficiency

This calibration measurement focuses on
the 1onization yield of xenon recoils around
lkeV (scintillation undetectable)
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An illustration of signal generation in a dual-phase xenon TPC. For
low-energy events, only charge signals can be detected.
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Experimental Setup at TUNL

Measurement at TUNL (2018)

579 keV neutron

e 3.2us pulsing period (~10ns pulse
cluster width)

* 10 backing neutron detectors (LS)

with PSD ——— +F

e 15-70 degree scattering angle
* 0.3-6 keV Xe recoil energy
e 0.2-6kV/cm electric field at

Interaction sites

* 95% electron extraction efficiency
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XeNu in the TUNL target room
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Neutron Time of Flight (TOF)
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TOF provides substantial rejection of 20 neutrons
beam-induced gamma background and -
random coincidence backgrounds -
e Neutron traveling speed: ~lcm/ns 150~
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e Gamma traveling speed: ~30cm/ns -
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e Backing detector distance: ~1m 20K comeidonce
* Neutron TOF: ~120-130ns : W
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* Gamma TOF: ~4ns Time of Flight (s)

Time difference between neutron production on LiF target
and detection in LS backing detectors
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Neutron Pulse Shape Discrimination (PSD)

Liquid scintillator neutron detectors have
PSD capability to reject Xe TPC events in
coincidence with gamma backgrounds

* Fast scintillation for gammas
e Slow scintillation tail for neutron events

* Low kinetic energy of neutrons can be
fully captured by LS detectors
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Pulse shape discrimination (PSD) of recorded signals in LS
backing detectors after TOF cut. The PSD parameter used is
the fraction of pulse area within the first 50ns. The cluster
around (35,0.76) are the neutrons.
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Random coincidence electron background

Xe TPCs are flooded with single electron
backgrounds (PRD 102, 092004)

* Photoionization
* Impurity-capture and release

* Delayed emission of trapped electrons

Time separation between neutron
detection and electron signal provides:

* Depth of the interaction (fiducialization)

» Estimation of random coincidence rate
between neutron detection and background
electron pulses
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Random coincidence between
LS neutrons and single electron
background in Xe TPC

|IIIII]IIIIIIII|IIII|IIII|I[II|II

NPT | P

[HT S T

7

|
(9]
(el
()]
[S—
(el
[S—
4 B
[\
S
[\
()]

30 35 40 45
Drift Time (us)

Drift time distribution of candidate events for 2.95keV
xenon recoils

Lawrence Livermore National Laboratory
LLNL-PRES-831627

National Nuclear Security Administration



Background electron events subtraction

10°
All events
. Events in active volume
* Random coincidence are mostly Random coincidence
single electrons -

* Coincidence background in the active
volume needs be estimated
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* Background subtraction enabled ol
1onization measurement down to le-
* Trigger efficiency for le- signals : ! ‘ I
verified to be ~100% i | '“ “ 1 x
1
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Energy spectra of candidate events for 2.1keV xenon
recoils in different drift time regions
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Background-subtracted recoil spectra

6.08 keV 1.61 keV
/jf& — d
l T S — T N
4.65 keV 0.970 keV
.I.

A s —

- 3.61 keV 0.932 keV

< i

B2,

§ t e + j ; oL ke 4 4o

Q 2.95 keV 0.442 keV

+ ‘~> |
—]J + |
L —_— s » .FH_,r_._n ) I H =l Lo bl L iy — i
2.11 keV 0.296 keV
i
| i
] : L + PV S PO U W T TR T S I S i [ || O
1 10 100 1 10 100
Detected Electrons Detected Electrons
Lawrence Livermore National Laboratory N A‘ 2_02‘ 9

LLNL-PRES-831627



Xenon recoil calibration result

e Xenon recoil ionization yield
calibrated down to 300eV

e ~le-1s produced on average at
300eV (near quantum limit)

* Greatly improved accuracy from
previous results

* TOF and PSD are essential in
achieving low backgrounds

* Excessive background at
threshold needs special care

Average N,

10

[
=
[y

[a—
[

-+ This work, 220 V/cm
P 4 LUX, 180 V/em
NESTv2.0, 220 V/em
—— Empirical fit (this work)

10" 10

Nuclear recoil energy (keV)

Lawrence Livermore National Laboratory
LLNL-PRES-831627

NYSE

National Nuclear Security Administrati

10



B Lawrence Livermore
National Laboratory

Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability

or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.

Reference herein to any specific commercial product, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States government or Lawrence Livermore National
Security, LLC. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States government or Lawrence Livermore National Security, LLC, and shall not be
used for advertising or product endorsement purposes.



