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The NEWS-G dark matter experiment

Spherical Proportional Counters (SPCs) to search for low-mass dark matter

Metallic vessel filled with a noble gas
mixture, with a single high voltage
anode/sensor

Low-A target atoms increases
- sensitivity to low-mass
WIMPs
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The NEWS-G dark matter experiment

Spherical Proportional Counters (SPCs) to search for low-mass dark matter

E Field [V/m]
10°

Metallic vessel filled with a noble gas
mixture, with a single high voltage
anode/sensor

. Low-A target atoms increases
sensitivity to low-mass
WIMPs

"

|10 Low intrinsic capacitance:

(C =0.3 pF)

High ampilification gain

from Townsend avalanche
10'

Energy thresholds of ~10 eV!

10°
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Preparing for NEWS-G @ SNOLAB

NEWS-G is preparing to install a new detector at SI\@/

Expected to be sensitive to WIMP masses ~100 MeV using H-rich gas
and an energy threshold < 50 eV
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Preparing for NEWS-G @ SNOLAB

Much of our sensitivity at these WIMP masses derives from 1e events:
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Therefore characterization of our single electron response is essential
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What is our single-electron response?

Visualisation of a Townsend Avalanche

The distribution of the number of avalanche
pairs “S”is roughly exponential +
DC Voltage
Electric Source
field -
It is known to be well-described by the Polya B ‘ ot e
distribution, with shape parameter 6: _’_Cathode
Polya Distribution - ('J‘?n::::ne'e:z‘:"”a‘“
1 . 4 I ‘ I I : : Liberated electron path
\ : : - (=0.01
.| O sl O S - — 9= ;
§ ? § 5 0=0.1 . (S| <G> 9) 1 (1 4 9)1-#9
TSR N (S, AN S Kolya ’ (GY \ T(1+0)
208
EAY 5
8 o X exp | — (1 +6)
£° (G) (G)
o4 » J. Derré et al, NIM A 449, 314 - 321 (2000).
0.2 » T. Zerguerras et al, NIM A 608, 397 - 402 (20009).
» M. Kobayashi et al, NIM A 845, 236 - 240 (2017).
0.0 » R. Bellazzini et al, NIM A 581, 246 - 253 (2007).
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[C ]
UV laser setup

Q. Arnaud et al. (NEWS-G Collaboration), Precision laser-based measurements of the
single electron response of spherical proportional counters for the NEWS-G light dark
matter search experiment, Phys. Rev. D 99, 102003 (2019)

Scheme of the experimental set-up
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UV laser setup

Tunable transmission Cqmmon DAQ.for
to control the mean timing analysis
number of electrons between two channels
Scheme of the experimental set-up
PD Raw Pulse A
Photo Detector IS mottier -
Optical (D) .
Fiber :m .
3
Preamplifier =]
Variable
Attenuator f ROTEPpEP ! : .
E 213 nm ' _ Time [ys] ) —

~{ SPG Treated Pulse W

Filter
i T
5" harmonic 3

! 1064 nm g T WMt sttty | y
Time [ps]
\ A powerful UV laser Parallel photo-detector
capable of extracting to tag laser events
100s of electrons Q. Amaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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Laser response model

N photo-electrons are extracted from the
surface of the sphere: Poisson

E e (N‘lu> —

Daniel Durnford
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Laser response model

N photo-electrons are extracted from the
surface of the sphere: Poisson

Photo-

The electrons drift/diffuse towards
detector

the anode

Jeseqwu gLz
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Laser response model

N photo-electrons are extracted from the
surface of the sphere: Poisson

Photo-

The electrons drift/diffuse towards
detector

the anode

Each photo-electron creates S
avalanche pairs:
N convolution of Polya

If each avalanche is independent,
then the overall avalanche response is
the Nth convolution of the single-
avalanche response

o 1 110\ Y
Polya( ‘( > )_<G> 1’1(1+9)

F il
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N
=
e
=
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<o (140 (725)) L B(G+9),0+6)
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Laser response model

N photo-electrons are extracted from the
surface of the sphere: Poisson

Photo-

The electrons drift/diffuse towards
detector

the anode

Each photo-electron creates S
avalanche pairs:
N convolution of Polya

Sum the contributions of all
N photo-electrons

Jeseqwu gLz

/ (E,) = Ppoisson (N - O‘/u)

00
+ Z PPoisson (N‘M)Xplgi\l?/a (E/‘ <G> ) 9)

N=1
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Laser response model

N photo-electrons are extracted from the
surface of the sphere: Poisson

Photo-

The electrons drift/diffuse towards
detector

the anode

Each photo-electron creates S
avalanche pairs:
N convolution of Polya

Sum the contributions of all
N photo-electrons

The overall response is
convolved with a
Gaussian to model baseline noise

Jeseqwu gLz

( /
P (E|p, (G),0,0) = %/ f(E w2 dE
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Single electron response characterization

Amplitude [primary electrons]
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Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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Single electron response characterization

The excellent fit validates the response model. Binned log-likelinood:

Nbins
L (n|(G),0, — n;log [ n P(E")dE
g, ,(L M i 108 Total
=1 A
Amplitude [primary electrons]
0 1 2 3 4 5 6
L 3 IR B RS S L B B
- Low laser intensity (u ~ 0.2) Data Parameters:
10° Trlwle fit vvorll|<sdfor Iargehva(ljues of uas Ne + 2% CH4
= well as smalll, despite the degeneracy _
- between contributions P =1.5 bar
= - | HV = 1200V
g 10E e,
s L "*’%et ot Fit results:
3 10 26 t "\u;" + 0 = 0.09 +0.02
'“H!"—“l'q <G> =230.26 £ 0.21
B lI.ﬁiii“"I . ADU
i3 3e Iliil.}n x2/ndf = 0.97
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Amplitude [ADU] ' Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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Single electron response characterization

The excellent fit validates the response model. Binned log-likelinood:

Mhins

/ /
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a HV = 1200V
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E = Fit results:
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Detector monitoring

10000 =~ =

The laser can be used to
monitor the detector response
during physics runs

6000

Amplitude [AU]

4000

Long-term fluctuations in gain can be
caused by temperature changes, O»
contamination, sensor damage...

12000

10000

Amplitude [AU]

12000

10000

Laser monitoring data could even be used
to correct for long-term fluctuations

Amplitude [AU]

B 5b Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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Electron drift time from sphere surface

The laser can measure the drift time
and diffusion (dispersion in drift time)
of surface electrons:

The drift time is time delay between
photo-detector and SPC events

Daniel Durnford
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Electron drift time from sphere surface

The laser can measure the drift time
and diffusion (dispersion in drift time)
of surface electrons:

The drift time is time delay between
photo-detector and SPC events

Daniel Durnford
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Electron drift time from sphere surface
Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)

The laser can measure the drift time
and diffusion (dispersion in drift time)
of surface electrons:

The drift time is time delay between
photo-detector and SPC events

Drift Time [us]

Very sensitive to E-field structure, gas

B 1 L F |- o AT TR | I‘l‘ : :|n 1 '.“.I" |-.|- al- I.- JI‘-‘ ‘ 1 ‘-|- '|'—‘| | |
conditions 12-16h  1292h  13.01h  1304h  13.07h 13-10h  13-13h  13-16h
Time [day-hour]
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Electron drift time from sphere surface
Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)

The laser can measure the drift time
and diffusion (dispersion in drift time)
of surface electrons:

The drift time is time delay between
photo-detector and SPC events

Drift Time [us]

s

Very sensitive to E-field structure, gas

B 1 L F |- o AT TR | I‘ll- ; --1'“ 1 "‘L.l" |-.|- al- 1.- JI‘-‘ ‘ 1 ‘-|- '|'—‘\| | |
conditions 12-16h  1292h  13.01h  1304h  13.07h 13-10h  13-13h  13-16h
Time [day-hour]

A way to validate electron transport simulations, monitor efficiency of fiducialization cuts

100 — 3 S — 100: L e N T Bt e ot § ot e D Wrm gy K e e
g Simulated surface events | Ja Simulated volume events
wE SRS o Sy s B ¥
70:_ 70:_
@ F ? _E
= 601 = 60
é 502 ,g 50—
g 4OE 8 40:_
o E o E
a0F 30;—
20F 20~
102 10—
oBdi v e e v e e ] e B = I T T I T I
0 500 1000 1500 2000 2500 3000 3500 4000 % 500 1000 1500 2000 2500 3000 3500 4000 °
Energy [eVee] Energy [eVee]

Q. Arnaud et al. (NEWS-G), Astropart. Phys. 97, 54 (2018)
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Trigger efficiency

The laser can be used to o | | | |
directly measure the efficiency |
of our triggering algorithm _ Ef
:
Method 1: g wE— & — i T
SPC-triggered spectrum divided by S - /f . e K
photo-detector triggered spectrum (this L o e
does not account for null laser events) : 57’ - “":":;(’H ———
s | I i | | |
Method 2: =
Fit total spectrum (0O PE + > O PE "
events), then fit > 0 PE spectrum 08—
multiplied by error function with <G>, _F
B, and o fixed. § oo
i B —+— Data [(SPC Trigger) / (All)]
% = S | oie{E“.o“) to Data [(SPC Trigger) / (All)]
Demonstration of ~10 eV = OES SRy —
energy threshold: s
16 eV in this example N .}
920I I I{ll — I2[] ! Itllt)l I;&LQJIA;J]BIO] ] J1{])0J J |1.‘.£0| I I14-0I

Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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S7Ar measurements

37Ar gas was also injected into the SPC, produced in collaboration with the Royal
Military College of Canada with a SLOWPOKE-2 reactor:
D.G. Kelly et al, J. Radioanal. Nucl. Chem. 318, 279 (2018)
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| | \ I ! _-.‘-r:"l‘i-.—'fﬁ.-; .Jri \ \ \ \ ‘
0 500 1000 1500 2000 25
Energy [eV]
Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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S7Ar measurements

A test of our model for primary ionization -
D. Durnford et al, Phys. Rev. D 98, 103013 (2018)

NIII&X

f(E") =" Poyp (N|p, F)

N=1

Also allowed for measurements of the W-
value, Fano factor of this gas mixture at

different energies:

Distribution of Primary lonization (u = 2)

% pV)

(E'|(G),0)

— Poisson

— F=08]

— F=06

F=04]]

F=02||

“{Best-fit values

At 2.82 keV:

W = 27.6 eV/pair*
F=0.19
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RERNRREE NN R

At 2/0 eV:

W = 27.6 eV/pair

F=0.26

1

I 1 | L | ‘ | | |

(=]
O

| el
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Daniel Durnford
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*The W-value at 2.82 keV was
calculated directly from <G> and
fixed for this fit
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Future work

In addition to playing a crucial role with NEWS-G at SNOLAB...

- The laser + 37Ar will be used to carry out extensive measurement campaigns of W-
values and Fano factors for different gas mixtures, pressures, at multiple energies

- An aim-able laser fiber would allow direct validation of our finite-element simulations
of sphere field structure

E Field [V/m]
10°

10°

Jeseqwu gLz

N
"
1 -
10 f :

i

10°
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Thank you!

Queen’s University Kingston - G Gerbier, P di Stefano, R Martin, G Giroux, S Crawford, M Vidal, G Sawvidis, A Brossard,
F Vazquez de Sola, Q Arnaud, K Dering, J McDonald, M Chapellier, A Ronceray, P Gros, A Rolland, C Neyron, JF Caron

- Copper vessel and gas set-up specifications, calibration, project management

- Gas characterization, laser calibration on smaller scale prototypes

- Simulations/Data analysis

IRFU (Institut de Recherches sur les Lois fondamentales de I’'Univers)/CEA Saclay - | Giomataris, M Gros,
T Papaevangelou, JP Bard, JP Mols

- Sensor/rod (low activity, optimization with 2 electrodes)

- Electronics (low noise preamps, digitization, stream mode)

- DAQY/soft

LSM (Laboratoire Souterrain de Modane), IN2P3, U of Chambéry - M Zampaolo, A DastgheibiFard
- Low activity archaeological lead
- Coordination for lead/PE shielding and copper sphere

Aristotle University of Thessaloniki - | Savvidis, A Leisos, S Tzamarias
- Simulations, neutron calibration
- Studies on sensor

LPSC (Laboratoire de Physique Subatomique et Cosmologie) Grenoble - D Santos, JF Muraz, O Guillaudin
- Quenching factor measurements at low energy with ion beams

Pacific Northwest National Laboratory - E Hoppe, R Bunker B i
- Low activity measurements, copper electro-forming The N I%[\\]/VS GbC Ozlclﬁg)o ration
ovemaoper

5=

RMCC (Royal Military College of Canada) Kingston - D Kelly, E Corcoran SR
- 87Ar source production, sample analysis

SNOLAB Sudbury - P Gore, S Langrock
- Calibration system/slow control

University of Birmingham - K Nikolopoulos, P Knights, | Katsioulas,
R Ward
- Simulations, analysis, R&D

University of Alberta - MC Piro, D Durnford
- Gas purification, data analysis

Associated labs: TRIUMF - F Retiere
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New frontier in WIMP parameter space

WIMP
M/Mmm galactico
halo

Minuscule energies:
Recoils of Egr ~ 1 keV

, Neon target, different WIMP masses
10 i e s i s s o o T o s i i —1
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i Lozl M, =3GeV ||
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% N = M, =30GeV
. 1" ey _
_c? 10 B wa — M, =100GeV
&0
= 100F
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]
107 —
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10°
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Principle of operation

(1) Primary IonizatiEQn
PE)Y = ——
#PE) =

Wor = WV/Q(E) Neon: V(\gy:é%g eV/pair

(2) Drift of charges
Typical drift time surface -> sensor :
~ 100 ps
(3) Avalanche of secondary e/ion pairs

Amplification of signal through
Townsend avalanche (tunable with V)

Single electron pulse:

38- SPC Treated Pulse WW (4) Signal formation

%8* Current induced by the secondary ions
§3~ drifting away from anode

F

. WN’““WWWWN .y (5) Signal readout

0 500 1000 1500
Time [ps]

Induced current integrated by a charge
sensitive pre-amplifier and digitized
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Rise time

Gaussian dispersion in arrival time
due to diffusion of charges:

3
r
o(r)=——] x20us
T sphere
Rise time used for surface event
discrimination

Rise time

b
'

=01  |ntegrated pulse o
10 keVee event

6000 -
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4000 -

2000 -

- 7 = — P T 1
3800 33900 4000 4100 4200 4300 4400
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Q. Arnaud et al. (NEWS-G), Astropart. Phys. 97, 54 (2018).
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Event simulation

1) Electric field model from finite Simulated 150 eV Event

element software (COMSOL) S e

|
I
|
|
I
I
i
e .n"\qf'\w‘\mﬂ A |
o I
+ T
1000 1500

Samples

2) Drift of charges simulated with
inputs from Magboltz

ADC Counts

3) Energy response simulated
(see slide 17)

Real 150 eVee Event

4) Pulses simulated: pre-amp
response, ion current, noise R

5) Same treatment as real data

ADC Counts
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Event simulation

—— *Ar Data

37Ar Simulation

1) Electric field model from finite
element software (COMSOL) o

\Ill\llllllllllllllll

2) Drift of charges simulated with
inputs from Magboltz

Counts / 30 eVee

3) Energy response simulated L ™ T
(see slide 17) N B ~

soF- — Neuron Gatbaton

b Rl
4) Pulses simulated: pre-amp .« «
response, ion current, Noise 5

S b

5) Same treatment as real data S |

Oo: '*r1lo" 20 TTB0 60 70

30 _ 40
Rise Time [us]
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Pulse treatment

777777

0000000

ADC Counts
= n

Daniel Durnford
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Raw Pulse

10 keVee raw pulse

T T T T T t T T T T t T T T T t
4000 4500 5000 5800
Samples

Deconvolved Exponential and Induced Current

10 KeVeeo
deconvolved
pulse

Samples

CAP Congress 2019

Deconvolve for amplifier response
and ion-induced current
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Detector response model

Analytical model of detector energy response:

Emax Nmax
;i_g(Eee) — A j_g(Enr)X Z |:PCOM (N|,u, F) X PP(,'ZX}),& (Eee‘g, <G>)] dE,,
S e \irzm),

Using the COM-Poisson distribution for primary and Polya for secondary ionization:

©=2

0.7 ] T T T T T
o) — o= D. Durnford et al. Phys. Rev. D98, 103013 (2018)

— F=0.6
051 F=04

h
0.4} F=02|] A
- (@A, v) (x)" Z (\,v)

0.2/K\\ 1 Z()\,I/):i(;;y )\E{R>O}, VE{RZO}
0.1 \ 1 F=0
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Accounting for the Fano factor
We can use this tool to assess the impact on low-mass DM experiments

4e” Threshold, 0.25¢~ Resolution 4 (i.e. CCD detectors

10‘34E —— - ! : like DAMIC)
: g g — F 0.2
10 B RRRRLIIEETE e e scas e o — F=0.4 |3
| f f — r-oe|] Fcan
10736 L ...\ -4 \\! oo 3 52 ms 55 =6 412 2 0 S o e s 5 _ - |
| ; F=0.813 have a big
& sl : f F=1 4] |
s 10 [ A e . 1 Impact!
(8}
b>< 10-38 . .\ R S _
10'39 . . S S |
ool TS 1 Neon experiment
: : SR {1 modelled with COM-
] . e : Poisson + Gaussian
1.0 3.0 10.0 resolution
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Accounting for the Fano factor

We can use this tool to assess the impact on low-mass DM experiments

ool i == F=o2]
5 5 5 | =— F=0.4]]
1077 Lo se Kessti 3 sommas p— S— oo =— F=0.6 |
— ? ? ? ? F=0.8 |  but
S 10 _ .......... ............ , ........... ............ ,. F::[ _
LY . e R — probably
R S . "N R N T won'’t for
Y S W | NEWS-G

Neon experiment

O
= modelled with COM-
e ; Poisson + Polya, 1e-
i to 1 keVyr energy
— window
0.1 0.3 1.0 3.0 10.0 30.0  100.0

M, [GeV/c?]
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The Polya distribution

Modeling of the detector response to single electrons

Modeling of the detector response to N electrons

— =10
1.4 N . e
Polya distribution 6-3 071 Nth Convolution of the Polya distribution
— 9:1 -
= =03 016:: C,\ ¥ \M+o-1 ¥
K i N=1 Ppona(XIN) = e ((G)) exp( (1 +9J((G)))
1 — =0.03 0.5 -
2 ; Loy N N-1
- C with C,V=({I],;LH) ) xI_IE((j+j9).(I+ﬂ))
% Proe®) = LD (i)ﬂexp( ( +9)—) 04~ SR
= (G) T +6) \(G) @ E where B(x, y) = T'(x)-T'(¥)/T(x+ v) is the beta function.
06 03
0.4 0.2f N=10
0.2} 0.1
0 ' " R b — e p— - 0 - PR (oo (D LA Y T [T PR
0 0.5 1 1.5 2 2.5 3 3.5 4 5 10 15 20 25 30
Secondary lons / mean gain Secondary lons / mean gain
3 | . . . — 0=0.1
L markers & solid lines : simulated data sets e 6=0.416179 5 9 9
L i 2 i 0173205 i
2.5—_ dashed lines : F (1+—1+B ) :;20343 O =0 fﬂanﬂ[i'{}H+0 PO!yﬂ
e O' =F u +—= —u ( F+ ‘_‘)
B - 1+6 1+0
-—
1.5—
1 b
0.5 1 1 1 L 1 L 1 1
20 30 40 50 60 70 80 90 107
1l
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Laser power fluctuations

The laser power varies O(10%) from pulse to pulse

We deal with this problem by dividing data into subsets with fixed photo-detector

amplitude +5%

Scheme of the experimental set-up

Photo Detector
(PD)

Preamplifier
Optical
Fiber

Preamplifier

Variable
Attenuator

s
; 213 nm

Band Pass
Filter

5" harmonic

; 1064 nm

LASER

# bin

350

300

250

200

150

100

o
(=1

8IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

D5

~10% dispersion in laser pulse size

3500

4000 4500 5000 5500
PD Amplitude [ADU]
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Laser power fluctuations

Scheme of the experimental set-up

Photo Detector

Photo Detector

The laser power varies O(10%) from pulse to pulse

We deal with this problem by dividing data into subsets with fixed photo-detector
amplitude +5%

We disentangle the photo-detector resolution from laser power fluctuations by
testing against a second photo-detector

13000

12000

11000

PD2 Amplitude [ADU]

10000

9000

Resolution of photo-detector is
small compared to power
fluctuations

8000

70%%

5500
PD1 Amplitude [ADU]

—40

—35

— 30

25

20

15

10

5

0
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Data with varying laser intensity

This allows for combined fitting of data subsets, as well as data with different laser intensities:

Individual Fits Joint Fits
" The expected # of PE e
., varies linearly with W .
o laser intensity Lo " h
5 0.5 % 3 ¢
04 N\
0.3 > 2 e s ] u 1o
0.2 08 2 H s
0.1 e g |
: 07 |- :
0% 500 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
PD Amplitude [ADU] PD Amplitude [ADU]
Single and joint fits are in agreement

02— -
0.18 |- - ;—
0.16 |-

N
0.14
012 30.5

@ o1 A

008 |- (\'? 30
0.06 L.
0.04 29.5 -
0.02 -

"3

0 1000 1500 2000 2500 I SOJl‘)O 1000 1500 2000 2500 30:30

PD Amplitude [ADU]

PD Amplitude [ADU]
Q. Arnaud et al. (NEWS-G), Phys. Rev. D 99, 102003 (2019)
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Subdividing data sets

To assess the systematic uncertainty associated with the non-fixed value of mu

Simulate 1000 MC (toy data sets) {
For each MC, Simuate 1e6 events{
For each event{
Amplitude simulated with fixed Gain, theta and sigma
but with mu drawn randomly between 95% and 105% of mu

}
}
Fit the data and save best fit values
}
Distribution of best fit values
[ hmu_copy | hgain_copy
E - | Eniries 1000 “— H Eniries 1000
oy = Mean 1 E ' " Mean 40.02
1 LSt Dev  0.002915 | 35— : | Std Dav 0.1082
FL = |V|! ‘ 30 |IE |j
20 U E ‘ an L il ‘ i [ |H
5 i ‘|| : L
1 5 : r : I
[l : Y
L . 1 :
T A P,
e Lo : L ; il
T T T8 P N T TNl A TR T B e J_L_l_!L_.L"l I Ej SRV G | R S WS 8 PRGOS L P i A~ B T
G962 0064 0086 0098 1 TO0E 064 1008 1008 ] ) Ei] TN W0 g
mu Gain
[ Wihefa_copy | ThiZ
F H Enines 1000 B/ Enings 1000
30— ' Moan 0.2011 B Maan 0.9836
- H | Sid Dev _ 0.009526 a0 :_ I i Sid Dev 0.0547
o [ }H | — [n;\
= -
-] JJ ! U = HJ ‘ L]
E : | ﬂLl anf " N | My I
15— ] H E
E g Ol L-r 15 -IJ
10— J-|J L'—J é L| = m;_ P_r |-\| ’-
= ' 2 T = —|
E . F ik
e U7 | £ :
E H L E yLJlJ n
all _1J_'T-h ¥ i d N B ."IlL JLI I u'_[' PR 0 B 1 e LR Y N T I L -JLIIJ-_l
018 0.18 02 21 022 07 08 ne 1 11 2
theta Chi2 / NDF
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Subdividing data sets

Assess the systematic uncertainty associated with non-fixed mu

P(N>=1]u) 1000 MC, 1e6 events/MC, 6=0.2, 6=8 ADU, <G>=40 ADU
02 025 03 035 04 045 05 055 0.6
40,3 -'l T '[ LB l T7ir I LU I L I T T T '[ T T L '[ T T T '[ T T T l T T i n.a L _0-02
wal —06 0215 —0.015
E 104 21 0.01
L = o
401 Iy -
_E 02 & o205 0.005,
a e = b
%40__'___‘!__”__“__!'___"__ — — 0 ..‘g :p0_2:...IL_._‘._.._!".__..’_._"__._.'.!__‘_‘.L___.!'_. 0 %
(6] B o - ES
v F o = o}
B 02 £ 0.195 -0.005
39.9 B o) ° B
E doa T o019 —-0.01
39.8+ - - 3
s o6 0.185[ —-0.015
-I L 11 | 1 L1 1 l 1 L 1 1 | L 1 L 1 I 1 1 1 L I 1 L1 ! | L1 1 1 F L1 1 1 r :I L 1 Ll | i i Ll | i Ll 1 | Ll 1 i I 1 L i L I L i Ll | L L L L | L L L F
N6 "% oa 05 06 07 o8 0.9 1 Y Y a— 05 06 07 08 09 7-0.02
u u

The bias induced by +-5 % fluctuations of mu on the reconstruction of the mean gain is extremely small

P[N|u[1+e))+P(N|g,1.(1—e]]mP

: (Nlp)x(1+€?2(N2—3N+l))

For +- 5 % fluctuations :

P(N|1.05u)+P(N]095w)
2

(N|u)x(1+0.00125%(N*—3N +1))

Daniel Durnford CAP Congress 2019 E15



Varying field strength

(Ne,2%CH4, 1.5 bar), Ar 37, Laser 150 A, 100% Transmission

sj12g000 sj12g001 sj12g002 5129003
HV1=1150 HV2=-10% HV1=1200 HV2=-10% HV1=1250 HV2=-10%  HV1=1300 HV2=-10%

Drift Tima [ji8]

Laser events

Risa Time 10-75 [us]

Tirme

Increase of HV1 -> increase of the field -> Decrease of drift time and diffusion time (as expected)

E16
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Production of 37Ar

Collaborators at the RMCC produce samples with a fission reactor:

SLOWPOKE-Il Reactor at
the Royal Military College
of Canada

Source produced in an oxygen-free environment

Counting of gaseous and solid by-products
allows for indirect measurement of 37Ar
production

Re51dual
SLOWPOKE SLOWPOKE
HPGe Count
i 0% / J— 0 s
D D D . Pump vi. Transfer to
(60 min) PE vial
i. Load iii. Irradiate  iv. Decay Gas
1. Pump (15 mln) (30 mln) analys]s
HPGe Count
AAr
v. Diffusion
(2x5 min)

D.G. Kelly et al. Journal of Radioanalytical and Nuclear
Chemistry 318(1), 279 (2018).
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