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Motivation: Dark Matter Direct detection
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Radiopure Cu for rare event searches

directly measured with
mass spectrometers

« Cu: common material for rare event searches experiments ~10 mBa/ke
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Electroformed Cu (EFCu) for rare event searches

Reduction potential for copper and possible radiocontaminants.
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Ultra-pure Cu electroforming

Majorana Demonstrator

# Material Method K (1079 g/g) #2Th (10-'2 g/g) 238U (10712 g/g)
Metals

1 Cu Electroformed Stock Sample ICPMS <0.17

2 Cu Electroformed Stock Sample ICPMS 0.011+0.005 0.017+0.003
3 Cu Electroformed Stock Sample GDMS <2.2 <50 <70

4  Cu Electroformed Stock Sample ICPMS <0.029 <0.008

5 Cu Electroformed Stock Sample ICPMS <0.029 <0.009

6 Cu Electroformed Stock Sample ICPMS <0.029 <0.008

7 Cu Electroformed Stock Sample ICPMS <0.030 <0.009

8 Cu Electroformed, machined part, guide clip ICPMS 0.330 + 0.022 0.123 4 0.005
9 Cu Electroformed, machined part, guide clip ICPMS 0.112 + 0.009 0.078 4+ 0.002
10 Cu Electroformed, machined part, guide clip ICPMS 0.170 + 0.008 0.087 4+ 0.002
11  Cu Electroformed, machined part, spring clip ICPMS 0.215 £ 0.009 0.130 £ 0.010
12 Cu Electroformed, machined part, hex bolt ICPMS 0.118 £0.011 0.035 £ 0.004
13 Cu Electroformed, machined part, hex bolt ICPMS 0.119+0.014 0.041 £ 0.003
14 Cu Electroformed, machined part, hex bolt ICPMS 0.148 +0.021 0.051 4 0.002
15 Cu, C10100 cake stock, (source for Rows 16/17) ICPMS 0.46 + 0.06 0.21+0.06
16 Cu, C10100 2.5” plate stock, exterior sample ICPMS 0.27+0.05 0.1040.02
17 Cu, C10100 2.5” plate stock, interior sample ICPMS 0.27+0.05 0.1240.02
18 Cu, C10100 17 plate stock, saw cut (same stock Row 19) ICPMS 102+£1.0 6.62 £ 0.58
19  Cu, C10100 17 plate stock, machined surfaces ICPMS 1.88 £ 0.45 3.11+0.39
20 Cu, C10100 1”7 x 2” bar stock, machined surfaces ICPMS 2.12 +0.39 2.254+0.15
21 Cu, C10100 1”7 plate stock ICPMS <0.029 0.013 £ 0.002
22 Cu, C10100 2.5” plate stock ICPMS <0.030 0.017 £+ 0.003
23 Cu, C10100 2.5” plate stock ICPMS 0.049 £ 0.010 0.061 £ 0.006
24  Cu, C10100 0.5” plate stock ICPMS <0.030 0.009 + 0.001

NIMA 828 (2016) 22
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Ultra-pure Cu electroforming
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Motivation of ultra-pure, high-strength Cu-based alloys

Cr Drift into Cu (~10 um Cr)

Cr Drift into Cu (~1 um Cr)
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Designing using CALPHAD-based tools

Proposed manufacturing process for radiopure Cu-based alloys
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Modelling

solution heat treatment

and aging

Cu-Cr phase diagram
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Modelling solution heat treatment using DICTRA

diffusion couples
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Crwt%

Modelling solution heat treatment using DICTRA
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Solution heat treatment - Cu-0.5Cr
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homogeneous alloy

500°C—-12 hours

Cr-EFCu alloy - 1025 *C + aging

rdness (

05

—a— Hardness Indents Eiﬂ pm Cr)
—— Cr W% (10 pm Cr)
—u—Hardness Indents (1 um Cr) g 4
—— Cr W% (1 um Cr)
403 —
£
s
{025
401
700 300 o0
Distance from Cu edge (um)

Cu-0.4Cr 140 HV

bcc
precipitates

Vitale et al. 2021

400°C—-12 hours

EFCu 72 HV
Cu-0.585Cr 121 HV

47 UNIVERSITYOF
BIRMINGHAM

Suriano et al. 2018

Dimitra Spathara | d.spathara@bham.ac.uk | July 2026

Strengthening mechanism during aging
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Cr concentration in matrix (wt%)

Predicting strengthening during aging using TC-PRISMA
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Predicting strengthening during aging using TC-PRISMA
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Predicting strengthening during aging using TC-PRISMA

Cr concentration in matrix (wt%)

Cu-0.5Cr
Thermo-Calc databases
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Increase of total yield stress / MPa
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case study: DarkSPHERE

Retain EFCu capabilities for rare event searches
Option for stronger material compared to EFCu
Scale up the current geometries for gas vessels
(or gas pressure, wall thickness)

- maximising the physics potential

A NEANIRN

/

DarkSPHERE
@3 m Fully Electroformed SPC

Access to detector

Modular water-based shield

Phys. Rev. D (2023) 108
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a high-purity CuCr alloy with double the
strength over EFCu, would allow
operation at 10 bar and reduce the
required data collection time to 150 days.
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Beyond fundamental science

[ Cu-based alloys used for industrial applications (electronics, rail...)
dSustainable use of Cu (energy sector, Al infrastructure)

[ Clean energy technologies (upcycling of Cu, etc.)

dPure Cu and Cu-based alloys for more accurate thermodynamic and
kinetic descriptions - application-specific databases
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Thank you for your attention!
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