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Summary

Influence of gas impurities on detector
response

Gas filtering without introducing radon

Indirect Pb-210 measurements of copper
used for NEWS-G@SNO

Development of electroplating of detector
hemispheres

Future detector advancements
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Spherical Proportional Counter

Grounded metallic rod
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Electron Attachment

Survival Probability of Primary Electrons

— Simulation
0 Low electric field at large radius - E o« 1/r? = I x T .
€ . aF =
O Any electronegative molecules result in electron g 0.9 :
attachment — loosing primary electrons % 0.8} :
— Bigger problem for larger detectors: NEWS- 207
G@SNO - larger drift + weaker field fg’ 0.6: 3
O Higher purity gas bottles used (99.9999%) — ff 0.5¢ '_[',e 20;/3/2%'_'\? e e | -
issue remained 0.4f : " :
O Vacuum system was improved (~10™° mbar L/s) — 0.3FOxveen Preseice :
iIssue remained 0.of ~OPP
. . ] “=p = 0.1 ppm ]
0 To fix this, must: 0.4~ 1ppm E
— Obtain higher electric field at large r (see |I. s :
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Katsioulas talk) o S 10 15 20 25 30
: " ] : Starting Position [cm]
— Reduce impurities by gas filtering .
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Initial Filtering Attempts

I Initially used 23**31 45&*617 filter to purify gas
— 8669#13*:;) in @ 30 cm test sphere at CEA Saclay — not efficient enough in larger
sphere at LSM
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Initial Filtering Attempts

I SAES MicroTorr Purifier (MC700 902-F) then used

— Improved filtering efficiency in large sphere — attachment problem ‘solved’

I Incorporated into recirculation system with RGA for R&D at Queen’s University (Canada)
Charge Loss and Oxygen Concentration over Time thremsriﬁiasses circulated throt
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Radon Emanation
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Ongoing Efforts
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NEWS-G@SNO

O Next stage in NEWS-G dark matter
search (see G. Giroux talk)

0 140 cm copper sphere to be installed
in SNOLab

O 4N Aurubis copper (99.99% pure)

\ . ’ /lm~\rh wological lead

cm Low Activity lead

7\ Stainless steel skin

2140 cm Copper sphere

{0 cm HDPE
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Background in Copper
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http://inspirehep.net/author/profile/Guiseppe,%20V.E.?recid=883319&ln=en

Background in Copper
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Electrolytic Cell and Electroplating
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Electroplating Copper

0 Some ions reduce more readily than
others — reduction potentials

O Copper benefits from ‘electrowinning’ —
high reduction potential +0.34 V
O Reduction potential of:

— Uranium: -1.80 V
— Thorium: -1.90V Oxidation  Reduction

— Lead: -0.44 V
— All lower than copper — refined
during electroplating

0O Using PNNL expertise, already
electroformed Cu for Majorana | .

Experiment f - ' |

Electrolyte
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Preparation Procedure ' "#$%#a(mass #5%
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Electropolishing
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Electroplatlng

O Electroplating performed with pulsed
current

O 0.27 to 0.3 V amplitude in forward and
reverse directions of plating

— Established value for copper plating

O
&)
I

e Polishing and Plating

Absolute Amount Plated

o
H
[

O

O

N
1

Plating continued for ~15 days

In total first (second) hemisphere plated
502.1%+0.2 pm (539.5+0.2 pm)

O Passivation with Citric Acid

O

~0.036 mm/day -
~1.3 cm/year

Average Thickness Change [mm]
®) o
+ ‘?’

Ls sy AP .
o 5 10 15 20
Steo! Ring Conducovey Prove Time Since 09:36 01/08/2018 [days]

o;”

To Pump and Filler

Cu Movement in Il ; L

Electroplating | N
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Result

0O Layer of Cu deposited on surface \_‘-} @(

— Awaiting results of analysis of copper and electrolyte for purity
O Hemispheres to be electron-beam welded together
O Final chemical etch to be performed on intact sphere !

ﬁ & ;\‘[ _____N_r'l‘\
0O First test of detector in LSM early-mid 2019 /.--—f‘----\ H,lx/ oA
J - -
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Future NEWS-G Detectors

O Next generation of detector will require

i Sample “I"Pb contamination  *'"Po contamination
even lower background material (mBg/kg) (mBg/kg)
] OFC#] (C1020) (MMC) 4048 4721
| TWO OptlonS: OFC#2 (C1020) (MMCO) 20+6 33:14
OFC#3 (C1020) (MMCO) 27+7 (1.6£0.3)x10°
— 6N copper sphere OFC#4 (C1020) (MMC) 2348 (2.240.4)X10°
] OFC#5 (C1020) (SH copper products) 1746 44+ 18
— Electroformed intact sphere OFC#6 (C1020) (SH copper products) 2748 24£17
OFC (classl) (SH copper products) 36z13 383
O 6N more currently favoured; less pure than Coarse copper (MMC) GI=D)XI0° (1622)x10°
electroformed but commercially available Bare copper (MMC) 84240 (1.1:0.2)x10,

and potentially lower cost 6N copper (MMC)

— Electroformed copper could be the
generation after — demonstrated growth

~ 1.3 cm/year
— 10 bar, 2 60 cm sphere requires 4 mm
walls - ~ 4 months

O Currently planned to be 2 60 cm, installed in

NEWS-G@LSM shielding T A

BB UNIVERSITYO! Irfu ceasaciy : th ) .
BIRMINGHAM E;;gg;;:zr.... P Knights, 9" TPC - Paris

Electroformed copper (Asahi-Kinzoku)

Electroformed copper (PNNL)

<4.]

~<100 nBa/kg 228U & 282Th!

5, on
£~8 )
St N
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Conclusion

O Electron attachment from oxygen and water influence detector performance
— Solved by using a filter (Oxisorb or MicroTorr)
— Found to introduce radon — looking at how to remove without removing CH4

00 Recent indirect measurements of 2'°Pb in copper - more information with next
measurement

O Electroplated ~0.5 mm pure Cu onto internal surface of NEWS-G@SNO
detector to reduce experimental backgrounds

0 Options exist to produce next generation of detector with even higher purity

|
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Additional Material
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XIA Counter
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Simulation of Effect of Electroplating
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Gas Recirculation with MlcroTorr Filter

2 a0
:' 120
% |
0 Measured with AmBe 60keV |
0 Compare short and long rise
tlme 0() ﬁ()(l) 10000 l‘(Xl) 20000 25000 t.uouox.ﬁooo 20000 45000 S0000
0 Gaussian fit of 60keV peak 0. Amplalo
O Loss = Along/Ashort ol ?
é—; 0
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Gas Recirculation with MicroTorr Filter

Charge Loss and Oxygen Concentration over Time while gas passes circulated through MicroTorr Purifier
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Electroplating Copper

0 Some ions reduce more readily than
others — reduction potentials

O Voltage between anode and cathode
limits electroplating of some species

O Copper benefits from ‘electrowinning’ —
high reduction potential +0.34 V

O Reduction potential of:

— Uranium: -1.80 V
— Thorium: -1.90 V

— Lead: -0.44 V

— All lower than copper; refined during
electroplating

SRV UNIVERSITYO! ‘Irfu CEA Saclay
BIRMINGHAM »,
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Oxidation Reduction

Electrolyte
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Why don’t impurities plate too?

Eﬂ - standard cathode reduction potential

E; - standard anode reduction potential

O Which reaction proceeds determined by
standard cell potential.:

0 0
Ecell — EC _ EA

O Related to Gibbs Free Energy:
AGO —Z F Eceu

Oxidation Reduction

— If AG® < 0 then reaction is
spontaneous Electrolyte

— If AG® > 0 then need extra energy
input

I
! Ly '

l NIVERSITYO! Irfu A Sactay ' : th ) .
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An Example

Eﬂ - standard cathode reduction potential

E; - standard anode reduction potential

0 _ 0 50
Ecoy=Ec—Ey4

00 Example of solution containing U3* and
Cu?*, with a Cu anode:

- U¥to U
0 Ecenn =-2.138 V — Requires energy
— Cu?tto Cu Oxidation  Reduction
0 Ecenp = 0V — In equilibrium
o1m %&'"'()*+,- will occur at lower Electrolyte
potential

O Still require a potential difference between
electrodes to +.&%(+/&-&,&%01-2+33&3 | A | |

|

LRI UNIVERSITYO Irfu ceasecuy ' R * Q)7 ‘El. - EcOpk D=4 (A =
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E- Electrode potential

E° — Standard electrode potential

Not Quite That Simple... e

a,— "~ Stoichiometric coefficient of
species i

0 Assumes standard conditions

O Electrode potentials modified outside of
these conditions:

¢4}
g = g0 - 20 ( Lig
zF 1, a]fxf

— In theory can have some plating of Oxidation  Reduction

other species — heavily suppressed
0 Other effects dominant in contaminant
plating

Electrolyte
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20%

Why Pulse-Reverse Plating?

10% 10%
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