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Radiopurity and cleanliness requirements

e Longer runtime — ~factor 3
e Critical materials scale with length? — factor 4

e Largely mitigated by improved
self-shielding — factor 1/10 with acceptable
Xe-loss

Challenge is for background sources that
are poorly fiducialised:

e Rn-emanation <« important for low-energy signals (DM, solar-v)
e High-energy gammas 238U/%3°Th decay chains « important for Ovp[3




Fixed contaminants - U/Th/etc. in bulk material

Main driver — high energy gammas (from
214Bj, 298T| in U/Th chains) — 0vBR RO

Requires O(10) uBg/kg sensitivity

e HPGe (10 uBg/kg) - need factor 10-20 improvement
ICP-MS (107'3-10"g,, -, /g) - factor 10 + throughout Sample ht
on

NAA (10 g - /g) - develop new UK capability zlgl"‘e-CO“% itrati

+ Novel production low-bg materials:

e Electroformed Cu; 3D printed plastic component: =& -
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Radon emanatlon need to be « Solar-PP

e Dominant background low-energy electron recoils
e Needsto be ~0.1 uBg/kg in Xe (c.f LZ baseline ~2 pBg/kg*)
e Multi-pronged approach:

1) Material selection — ~5-10
improvement assay sens. (100
uBg/m?)

2) Online distillation (c.f.
XENONRNT)

3) Mitigation: barrier methods -
e.g. electroplating critical
components (cryostat, gas
system); Improved analysis
vetoes (larger detector). * 0.8 uBq achieved by XENONNT with

distillation column 4

https: //voutu be/TANOKASOT-U |



https://youtu.be/TdNQKASoT-U

Radon emanation - need to be « Solar-PP

N § . e Dominant background low-energy electron recoils

e Needsto be ~0.1 uBg/kg in Xe (c.f LZ baseline ~2 pBg/kg*)

e Multi-pronged approach:
h_(_e‘many facets of dust™Aeutrons

1)  Material selection — ~5-10 ,L_K A
improvement assay sens. (100 ’
HBa/m?)

2) Online distillation (c.f.
XENONNT)

3) Mitigation: barrier methods -
e.g. electroplating critical
components (cryostat, gas
system); Improved analysis
vetoes (larger detector). * 0.8 uBq achieved by XENONNT with

distillation column 4


https://youtu.be/TdNQKASoT-U

Cleanliness - critical to prevent dust and Rn plateout

e Extensive monitoring
(UV inspections, Rn/dust counters, assays)

e Exposure tracking (witness plates/tape
lifts, fallout/deposition models)

e Validated cleaning protocols
(IPA, low-lint wipes, dry-ice/N, blast)

e LZachieved:
o Plate-out 160 uBg/m?(reg. 500)
o Dust @ 200 ng/cm? UV msbec'tion
(before)

Larger area — more
stringent requirements ~4
(driven by Rn-emanation)
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Cleanliness - critical to prevent dust and Rn-plateout

. o e A (A 4SS#1000, Rn-reduced
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(UV inspections, Rn/dust counters, assays) O N 2 " —

Exposure tracking (witness plates/tape . A O Deionising fe
lifts, fallout/deposition models) 5 i \

Validated cleaning protocols
(IPA, low-lint wipes, dry-ice/N, blast)

LZ achieved:
o Plate-out 160 uBg/m?(req. 500) =
o Dust @ 200 ng/cm? UV inspection

(before)

Larger area — more
stringent requirements ~4
(driven by Rn-emanation)




Clean manufacture - proposed UK scope

Screening and material
preselection

e Assay facilities (HPGe,
ICP-MS, NAA, Rn, XIA) at
required sensitivity and
throughput

e Identification and
pre-selection of radio-pure
materials (~50%)

e Backgrounds accounting -
interpretation and
component tracking

e QA/QC during construction

Cleanliness and surface
contamination

Monitoring (Rn-plateout,, dust)
and exposure tracking
o UV, vis, XRF imaging,
digital coupons
o  Clean infrastructure
(hoists, ladders,
scaffolding)

Clean assembly (LFUs, glove
boxes, low-Rn cupboards, air
de-ionisers)

Clean packaging/storage (N2
purge, low-Rn bags)

Clean construction

UG facility in new laboratory
to support clean

manufacture (XLZD, +other
rare-event exp., industrial links)

Surface treatments
(electropolishing, passivation)

Electroplating (Rn-barriers)
and electroforming (TPC
components) facilities

QA/QC on and off-site (with
industrial partners)




Clean manufacture - proposed UK scope

Screening and material
preselection
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Clean construction

e UG facility in new laboratory
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Preliminary activity - scope

e Conceptual (yr 2) and preliminary design (yr 3) - assay facilities, QA/QC,
cleanliness and clean construction

i e KeyR&D - demonstration of assay sensitivity and barrier techniques
(D4 Sample prep & radioassay facility - existing lab)

e Early radioassays for key material identification
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e QA/QC during construction
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purge, low-Rn bags)
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