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Look for anomalous nuclear recoils in a low-background detector.

Most background events are ER-like...

Background NR events need to be vetoed!
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IZ Background Expectation

WIMP ROI - 1000d - 5.6t fiducial
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Outer Detector Inefficiency vs Veto Window Length for
Different OD Threshold Levels
At 200 keV threshold, 500 pys window, the OD is only 3.5% inefficient! | |& °F & = 1 foorwemes
—————————————————————————————————— | 2 29 £ I 0 keV
_é 5 —$— 100 keV
% 45 :—5— 290 keV
~. 96.5 % of neutrons that single scatter within the region of £
interest in the TPC (mimicking a WIMP) are vetoed by the OD.
Relies heavily on having a fully calibrated OD. e )
10700 200 300 400 500 600 700 800 900 1000
od veto window (us)




Single scatter TPC event distributions for all significant Neutron Recoil
(NR) backgrounds in the region of interest relevant to a 40 GeV/c2 WIMP.
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CHV delivery installation (under
N2 purge), March 2020 -

ICV sealed and under vacuum,

ICV insertion into OCV, March2020 . g L

December 2019 : — SN Eredit Theresa Fruth
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Trigger width (ns)

~1M
photons

~100k
photons

~10k

photons : .
Neutron Calibration

Source Calibration

Threshold Calibration

14 16

46,73/ 37

18.5 + 0.0354

0.1549 + 0.0007686
0.004981 1 6.566e-05
0.0002297 + 4 175e-06
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In(Number of photons per pulse)
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Optical Calibration System for the LUX-ZEPLIN (LZ) Outer Detector . Other formats
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primary aim of vetoing neutron single-scatter events in the liquid xenon that could mimic a weakly interacting Change to browse by:
massive particle (WIMP) dark matter signal. The outer detector consists of approximately 17 tonnes of physics
gadolinium-loaded liquid scintillator confined to 10 acrylic tanks surrounding the cryostat and 228,000 litres of

water as the outermost layer. It will be monitored by 120 inward-facing 8-inch photomultiplier tubes. An optical

calibration system has been designed and built to calibrate and monitor these photomultiplier tubes allowing :J:SARESSEP

the veto system to reach its required efficiency and thus ensuring that LUX-ZEPLIN meets its target sensitivity. Google Scholar
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AR
- The official LZ data analysis framework. . = The official Offline Data Quality Monitor i‘

e

- Modular so analysis modules are ‘plug and play’. : - Uses ALPACA for data analysis and plot making.

- Many ‘Services’ to make the life of an analyser
easier Shared Cuts, Plotting, Skimming, Visualising.

. = Creates JSON object containing all plots and analysis
' results.
. = Website to view and compare these data monitoring

- Contains job submission engines for UKDC. ' modules over different runs.
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- Web-based 3D geometry viewer, easy for anyone to view.

- Each PMT is labeled and can mouse-over for position info.

- Can load sim geometry and CAD geometry.

- Can load sim/data hit positions to view ontop of geometry.

- Can load csv formatted simulated hit points and generate a
3D mesh to compare against CAD.



Use OD pulse shapes to do particle identification

Alice in charge of Neutron selection and made huge progress on neutron/gamma separation.
Main background to this selection are Bi214->P0214 decays.

Can remove this with pulse shape discrimination between e- and alpha in the Gd-Scintillator.
Export this trained BDT in ONNX format to use in ALPACA analysis.

Sam is leading this work.
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Allows removal of BiPo events from

neutron selection!

Used correct scintillator pulse Simulated BiPo and neutron events
shapes for different particles. in the Liquid Scintillator.
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Outer Detector Commissioning

- Liverpool playing a large role in OD construction and commissioning.

- OD PMT Single Photoelectron calibration and After-pulsing calibration carried out on simulated OCS data.

- Ready for the real data.

OD PMT QA: Afterpulsing OD PMT QA: SPE

Analysis Note - Qing He, Daya Bay

Jd Measure the response of the OD PMTs to a

i Siaeatl®) = Plnip) @G, (x)

d Photoelectron ionizes a molecule when No. of afterpulses / Summed chPulseArea from OCS = Chance per phe smgle phOtoeIeCtron (SPE). | o0 ’,{{,’ —u 1 | (£ — nQ,)?
travelling between photocathode and S — NI T T . Spectrain LZ are measured in photons detected - L n o \,-:_,”:"'\“': " ona?
first dynode. - (phd).

Jd The more molecules the more , A BNV . Calibrating this response is the first step towards
afterpulsing. ot | NI energy calibration.

J Measure of the quality of the vacuum in
a PMT.

J Has it degraded since production in
Korea" Time after OCS pulse (ns)
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| Covrem  aigree | chPulseArea (phd)




LUX Eftective Field Theory

- Billy Boxer lead the EFT analysis.
- Have published a very nice result from LUX data.

- World-leading exclusion limits on inelastic EFT WIMP-nucleon recoils.
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Other LXe Opportunities

HydroX

Doping LXe with a light target, like H2.
Pros.. lowers the mass reach, spin-dependent reach.

Cons.. Have to develop/build circulation/cryogenics/purification
robust against presence of H2.

‘Credit Alissa Monte



Other LXe Opportunities

CrystaliZe

Crystallise Xenon, this freezes the position of the main
background for LXe TPCs, Rn222, so its easier to tag.

[Z, KENONNT likely to be limited by Rn222 . Radon gas gets everywhere and

eventually decays to Bi214 which promptly decays to Po214.

Pros.. Convective flow of the LXe makes this difficult to tag, freezing it helps.

Cons.. R&D required for High voltage, electron drift (purity) and crystal
growth (time, purity)
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The Future

- Xenon TPCs are most likely getting bigger, 50 T LXe..

- Different technologies are being investigated for light detection.

-Typically for SiPMs the number of wires is 150k-450k, this makes the interconnects crucial.
Avoid this..

-This is something we are actively researching.

Digital SiPM
Manufacturer IMS Photon Lab, Inc.

SENSITIVE AREA [mm?)] 100 200 (dep. on design) 9.503
TYPICAL # OF CHANNELS ~150,000 ~50,000 ~25,000 580

Q.E. [%] or P.D.E. [%]
@178 nm

# of wires per channel
# of wires

Operating Voltage [V]
Gain at Op. Volit.

DCR [Hz)/mm2 (0.5 p.e.)
DCR [Hz] (0.5 p.e.)

Power Absorption per Channel

Total Power Absorption

Cold electronics

Expected Improvements

~24 (claimed), ~11-18
(measured)

3(1HV, 1GND, 1SGN) 3 (1LV, 1GND, 1SGN)

5,100 450,000
(1HV, 1GND, 1SGN) (1HV, 1GND, 1SGN)

-1.500 <50

5x108 ~105@ 2V OV.V.

~0.02 ~0.2
~100 k ~1M
25 mW Dominated by the
(92 MQ volt.divider) electronics ~ 2 mW

Dominated by the

Q@sSw electronics ~ 200-300 W

3 (1LV, 1GND, 1SGN)

need to be optimized and
tested

~10 per module of ~20
chips

Not yet clear, ~10,000

15-18 35

3 (1HV, 1GND, 1SGN)

150,000
(1HV, 1GND, 1SGN)

~24.75 (2V OVV)

1,740 + 2 HV
35 (2vOwy) 25k

1*108@2VOVV Digital OUT 108

~1 ~0.2 0,01
~5M ~1M ~50 k

Dominated by the

same order MPPC electronics ~ 2 mW

~5 mW (Active Readout)

~130 W

same order MPPC (no need of extra ADC)

<2W

Required to handle the Required to handle the

Possible, not required number of channels +

pre-amplification

YES
~NO (PDE, DCR, D-SiPM,
VUVS5, VUV-Arrays)

number of channels +

(PDE, DCR, D-SiPM,

Embedded Possible, not required

pre-amplification

YES YES

YES
(Scintillating material, HV
VUV-Arrays) (PDE, DCR)

optimization)

Credit Alfredo D. Ferella
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