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Neutrinoless Double Beta Decay

® OQvp3p3 searches probe several open questions in physics
* The most sensitive way to demonstrate the Majorana nature of neutrino!
*Mass hierarchy
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B For sensitivity, require:
*Good energy resolution
*[_ow background
°[arge isotope mass
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R2D2: Rare Decays with a Radial Detector

= Collaborative effort with IN2P3 laboratories, CEA Saclay, and University of Birmingham
m 136Xe-filled Spherical Proportional Counter for Ov33 searches
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Spherical Proportional Counters

® ~1 mm ball inside ~0.1-1 m radius spherical sheli
Ideal electric field varies as 1/r?
*Naturally divides detector into drift and avalanche ‘f

*Primary electrons produced by ionisation in gas
*Drift under E-field towards anode - | = Correction Electrode
* Townsend Avalanche within ~100 um of the anode \

',
rsi

HV Wire JINST 15 (2020) 06. C06013

G. Charpak and |. Giomataris in CEA Saclay, France
(sphere was previously a LEP RF cavity)
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Spherical Proportional Counters

® ~1 mm ball inside ~0.1-1 m radius spherical sheli
ldeal electric field varies as 1/r?

*Naturally divides detector into drift and avalanche

*Primary electrons produced by ionisation in gas

*Drift under E-field towards anode

* Townsend Avalanche within ~100 ym of the anode

. HV Wire =1 JINST 15 (2020) 06. C06013
= |Low capacitance, independent of detector size

*Single-electron detection
= | owest surface area to volume ratio
® Fiducialisation and PID from radial E-field
® Choice of gas targets (H, He, Ne, Xe) and pressures
G. Ch(asrgﬁgrgnvcv!é ﬁﬁﬂ?ﬂiﬁf;”L%EARSEafﬁ’yframe -Lgne to access systematics/backgrounds
m 155Xe TPC possible
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Roadmap

N |
Sensitivity goal: 2.5x10%> years on 0vpf3 t1,2 with 1 year data \\ AN
N L

Prototype Requires: Py
= 50 kg detector

® 240 cm SPC 1% energy resolution at Qpe=2.458 MeV

]
= Up to 10 kg (40 bar) Xe ® Cu vessel activity =10uBg/kg
= Demonstrate energy resolution ® |nteraction position reconstruction

Study of a spherical Xenon gas TPC for neutrinoless
double beta detection

A. Meregagliz,© J. Busio,” C. Cerna,” M. Chauveau,” A. Dastgheibi-Fard,” C. Jollet,”
S. Jullian- |, Katsloulae,” L Giomataris. M. Gros,? P. Lautridcou,” C. Marguet,*
X F. Navick,? F. Porrot,” F. Piquemal,™ L. Simard/** M. Zampaolo®©

SCENBG. Cmiverslié de Bordennx, CNVRSTINZFI, 32175 Cradignar, France

CCPRM, Universitd $Aix-2darseille, CNRVING P, F- 13288 Marseilla. France

LM, CNRSANIPS, Universiié Grenobue Alxes, Modane, Fravwé

CIRFL, CEA, Dnhersitd Paris.Sacley, F.9Q119F Sif.sur.fore, France

"SUBATECH, IMT Arlarigque, Universitg de Navper, CNRS INZP3, France

FLAL Uriversiié Paris-Sud, CNRSANZF2, Université Feris-Sucluy, F-071303 Oriay, Fronce

Elnenivar Universizaize de Fronce, 775005 Poris, Frarce

Fonmil: ave-egafir?203. (-

Ansrract: Several efforts are cnrolng for the development of etherdeal gaseous dme projection
chamber detectors for the observition of rere phenomena suck @ weakly fneractng massive
par-cles or reutrino irteractions, The proposed detector, thenks to its simplicity, 1ow enerav
thresho’d end energy resolution, could be usel w observe the S60y process 1.¢. he neulrinokss
double beta cecav. In thi work, 4 specific setup is presentad for tie measurement of S80y on
S0 kg of 'YXz, The different beekgrounds are studied, demonstrut:ng the possibiity to reach a
towe] rackgrourd per year in the Cetector mass at the level of 2 events por yeor., The obtained reculis
ore campelitive with the presen: zenerction of experiments and could rezresent the brst step of o

morc embitious rcadmaz including the S0y scarch with dilteren: geses with the same detector JINS T 13 (20 1 8) 0 1, P01 009

A therelere the same beckgmoene sourees. he comsraints in termes of dedee or somstroct ons and

material musity #re also addnessed, dhowdng that nens of then represents a how stepre- for the

ll"l'll\l'l] I'llll?lilllf IIH‘ N 'll]l

UNIVERSITYOF

B BIRMINGHAM P.r.knights@bham.ac.uk P Knights - IOP HEPP & APP 2022 (RAL) 06/04/2022 5

BB



https://doi.org/10.1088/1748-0221/13/01/P01009

Roadmap

Sensitivity goal: 2.5x102%° years on Ovf3p t12 with 1 year data VAV

Prototype Requires:
® 50 kg detector

1% energy resolution at Qge=2.458 MeV

[]
® Cu vessel activity =10uBa/kg
® |Interaction position reconstruction

" 240 cm SPC

= Up to 10 kg (40 bar) Xe
® Demonstrate energy resolution

Demonstrator

74 cm SPC

Study of a spherical Xenon gas TPC for neutrinoless
double beta detection

A. Meregaglla J. Busio,” C. Cerna,” M. Chauveau,” A. Dastgheibi-Fard,” C. Jo/let,”
S. Jullian- |, Katsloulas,” L lenlknrb M. Gros,? P. Lautridcu,” C Marguet,”

50 kg (40 bar) Xe
e L e et e & Radiopure materials
e Demonstrate ‘zero’ background

SIRFL, CEA, Dbversind Pars.Sacle v, F.QIINT Glfsnrlore, France

"SUBATECH, IMT Arlarigque, Universitg de Navper, CNRS INZP3, France

FLAL Uriversié Paris-Sud, CNESONZE2, Universicé FonsSacluy, FAO1305 Oriay, Frence
Slnenivar Universicalze de Fronce, F.75005 Poris, Frarce

Fonouil: ave-egaflir?203. (-

AsnsTract: Several efforts are cnrolng for the development of stherdeal gaseous dme projection
chamber detectors for the observition of rere phenomena suck @ weakly fneractng massive
par:cles or reutrino irteractions, The pmpcecd detector, thenks to itz aimolicity, 1owm enerav
thresho’d end energy resolution, could be usel w observe the S60y process 1.¢. he neulrinokss
double bcu Cecav. In thie work, 4 specific sewp is presenteC for e measarement of S20vy an
S0 kg of 'YXz, The different beekgrounds are studied, demonstrut:ng the possibiity to reach a
towe] rackgrourd per year in the Cetector mass at the level of 2 events por yeor., The obtained reculis
ore campelitive with the presen: zenerction of experiments and could rezresent the brst step of o

morc ambitious readmaz ircluding the G0y scarch with dilteren: gt.sc-s witk the same detector JINST 13 (2018) 01, P01009

A therelere the same beckgmoene sourees. he comsraints in termes of dedee or somstroct ons and
male l =ity #re als: ld s, chowing that nens of then represents a chow stepre- fir the
lml-mnl rxlu:linu: |l:1] sedu
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Roadmap
Sensitivity goal: 2.5x102° years on Ovpp t12 with 1 year data

Prototype Requires:
® 50 kg detector

® 240 cm SPC 1% energy resolution at Qpe=2.458 MeV

]
= Up to 10 kg (40 bar) Xe \ ® Cu vessel activity =10uBqg/kg
= Demonstrate energy resolution ® |nteraction position reconstruction

Demonstrator

74 cm SPC

Study of a spherical Xenon gas TPC for neutrinoless
double beta detection

A. Meregagliz,© J. Busio,” C. Cerna,” M. Chauveau,” A. Dastgheibi-Fard,” C. Jollet,”
S. Jullian- |, Katsloulae,” L Giomataris. M. Gros,? P. Lautridcou,” C. Marguet,*

Radi material

X F. Navick,? F. Porrot,” F. Piquemal,™ L. Simard/** M. Zampaolo®© a I O p u re a e rl a S

SCENBG. Liniversiié de Bordeon, CNRSIN2F3, 33175 Cradignar, France ¢ y
Demonstrate ‘zero’ background
LM, CNRSAIN2API, Uriversiié Grenobie Alxes, Modane, Fravxé

CIRFL, CEA, Dnhersitd Paris.Sacley, F.9Q119F Sif.sur.fore, France
"SUBATECH, IMT Arlarigque, Universitg de Navper, CNRS INZP3, France
FLAL Uriversié Paris-Sud, CNESONZE2, Universicé FonsSacluy, FAO1305 Oriay, Frence

Einsnivar Universizaize de Fronce, F-75005 Poris, Frarce

Experiment
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Ansrract: Several efforts are cneolng for the developmen: of stherlcal gaseous dme orojection . F u I I S C a I e d ete Cto r

chamber detectors for the observition of rere phenomena suck @ weakly fneractng massive
par-cles or reutrino irteractions, The proposed detector, thenks to its simplicity, 1ow enerav

thresho’d end energy resolution, could be usel w observe the S60y process 1.¢. he neulrinokss . TO n n e S C a I e ( 4 O b a r)
double beta cecav. In thi work, 4 specific setup is presentad for tie measurement of S80y on
50 kg of "Xz, The different beekerounds are studied, demonstrub:ng the pessibiity to reach o
towe] rackgrourd per year in the Cetector mass at the level of 2 events por yeor., The obtained reculis
ore campelitive with the presen: Zenerction of experiments ond could rezresent the birst step of o

mon: embitious rcadaz ircluding the S0y scarch with diltercn: geses with the seme detector J IN S T 1 3 ( 2 0 1 8 ) 0 1, PO 1 009

A therelere the same beckgmoene sourees. he comsraints in termes of dedee or somstroct ons and

material musity are alsn addressed, dhowdng that nens of then represents a how stepres for the

proposed experine ital setup
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Energy Resolution

First goal: Demonstrate energy resolution

240 cm Al SPC in low noise facility in Bordeaux
Custom-made electronics, OWEN project

Ar:CHas (98%:2%) up to 1.1 bar

210Po source — 5.3 MeV a-particle (c.f. Qpe=2.458 MeV)

Ground connection

HV connector — -
for the supporting rod

Viton joint for
mechanical decoupling
of the supporting rod

Rod supporting
metal ring

@

S
O
Supporting v
rod

Central anode
(1 mm radius)

210Po
source

/
f
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Energy Resolution

® First goal: Demonstrate energy resolution =
" 240 cm Al SPC in low noise facility in Bordeaux \
® Custom-made electronics, OWEN project ~
® Ar:CHs4 (98%:2%) up to 1.1 bar S
m 210pPg source — 5.3 MeV a-particle (c.f. Qpp=2.458 MeV)
HV connector —» Ground connection
for the supporting rod
. Viton joint for
Roizr:llz?rl";mg mecha;icajl detcoupling

of the supporting rod

Supporting
rod

Glass
electrode
|r
1
|

Central anode
(1 mm radius)

Supporting = Utilised sensor technology with

resistive glass correction electrode

210Po
source

/
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Data vs Simulation

® Reconstructed observables total charge Qt, signal duration Dt, etc.
B Simulation used to understand experimental results

*Dedicated simulation framework JINST 15 (2020) 06. 06013 5.3 MeV a-particle
® Detector response well understood range of ~22 cm
200 Measured
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Data vs Simulation

® Reconstructed observables total charge Qt, signal duration Dt, etc.
B Simulation used to understand experimental results

*Dedicated simulation framework JINST 15 (2020) 06. 06013
B Detector response well understood
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Data vs Simulation

® Reconstructed observables total charge Qt, signal duration Dt, etc.
B Simulation used to understand experimental results

*Dedicated simulation framework JINST 15 (2020) 06. 06013
B Detector response well understood
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200 bar
Ar:CH4(98:2%)

Resolution Results In Ar:CH4

= Data at 200 mbar and 1.1 bar -
*No significant change in resolution 800
* Unaffected by a track length

B Energy resolution result:
*0.5% from electronics (signal generator) 400
*(0.24% expected from primary ionisation
]inst o o 08 ooom S Mo o

CRVEN d 1 | | 1 l ] 1 I
e 5 5.2 5.3 5.4 5.5 5.6 5.7
e Reconstructed Equivalent Energy (MeV)

1.1 % FWHM

600

200
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R2D2 spherical TPC: first energy resolution results

1.1 bar

= Scaling as VE — 1.6% FWHM at Qgg
P. Hellmulh® I. Katsioulas, P. Knighls,®~ I. Giomataris,* M. Gros.* P. Laulridou, " A s CH4 ( 9 8 . 2 % )

A. Meregaglia, ™" X.F. Navick * T. Neep. K Nikolopoulos,* F. Perrot,? F. Piquemal,® ] Wi I I exp a n d Stu d y tO Xe i n n e a r fUtu re 500

M. Roche,” B. Thomas,” R. Ward” and M. Zampaalo”
RCENDG, Uriversité de Dordeows, CNREAN2DTS,
F 32175 Gradiznan, France
BEPPIA, Nnluvreind A Niv Mareille CNRTNDPS,
F-12258 Marsenle, Framee 400
“IRSCI R, CNREANZPR, Uniwreind Crrnoble Apes,
F-72500 Modane, Frence
48 rkanl af Pites and S sivanney, Ueiversiny of Rirmivp b,
Burminghuen, 815 210 UK.
YIRFU, CEA, Universid Faris Saclay

FQii9! GifnrYiet'e Framee 300
V SUBATECH, IMT-Asiuntigue, Université de Nunie:, CNRI-IN2P3, e a n o
Fead 307 Names, irance
K miil: arselan.eeregay” “afeer.ch T T
AszsTRACT: Spherical time projection chambers [TDC). also known as spacrizal proportional ccun- A r ~ 2 6 ~ O 1 6 200
ters, are employed in the search for mare phenomena, such as light Dark Matter candidates, The u
sphorical TPC cxhibits a nombcer of cisendal foatures, making it a promising cardidzte for the
search of peuirinolzse doukbls beta decay (O20h). A tonre-scale spherical TPC experiment could
coveEr 5 regior o paramater space relavam for ta irverrad mass hisrachy with a few years of dua Xe ~ 2 2 O 1 3 — O 1 7
taking. In this direction, the major R&D goal of the R2D2 effortis the demonstratior. of the requirsd u u 1 00

encrpy resollubies. Fest rasulls T an arpon e prololype detecion are repor el dercmstiaimg,
an energy resolution of 1.1% FVWHM Zor 5.3 MeV a tracks inthe 0.2 to 1.1 bar dressurs range. This

R. Bouat,” J. Buste,” V. Cecchini,™f C. Cerna,” A. Dastgheibi-Fard,” F. Druillcle,” C. Jollet,”

llllllllllll‘l
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is a major milestone in terms of enstgy resclution, paving the way for fusther studies with xenon
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Scmtlllatlon Signal

® Primary interaction also produces scintillation
*Prompt signal, s1
B Avalanche produces electroluminescence
*Delayed signal, s2
® Provides interaction to (s1) and electron drift time (s2-s1)
® First measurements performed with 6x6 mm?
Hamamatsu SiPM

Nuclear Tear ave Methods v Bliwsies Resch, 4 T07%3 (25@32) 165382 Radloac{lve source

Comrencs liers availahle ar Sciencellirecs

i Grid shielding SiPM
Nuclear Inst. and Methods in Physics Research, A e ~ located underneath

| SEN 12 pourna humepage: www.2 sev er.com’ ocale’nime —
Technical Notes
Simultaneous scintillation light and charge readout of a pure argon filled 1)
Spherical Proportional Counter CE

R. Bouet *, J. Busto ", V. Cecchini >, C, Cerna ', A. Dastgheibi Fard ", F. Druillole, C. Jollet ",
P. Hellmuth %, 1. Katsinulas =, P. Knights =/, 1. Giomataris’, M. Gras’, . Lautridou =,

A. Meregaglia®, X.T'. Navick'. T. Neep ¢, K. Nikolopoulos ®, T'. Perrot*, F. Piquemal®, M. Roche”,
B. lhomas R. Ward", M. Zampaoclo"
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Supporting rod

Nucl.Instrum.Meth.A 1028 (2022) 166382
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Scintillation Signal

® Primary interaction also produces scintillation
*Prompt signal, s1
® Avalanche produces electroluminescence | |
*Delayed signal, s2 2000/ .‘
® Provides interaction to (s1) and electron drift time (s2-s1) | T”gger\g '
= First measurements performed with 6x6 mm? 2000
Hamamatsu SiPM

ADU (Arbitrary units)

6000 | )

Avalanche

SiPM signal light

—

Nuclear Tear ave Methods v Bliwsies Resch, 4 T07%3 (25@32) 165382

Comrencs liers availahle ar Sciencellirecs

\ Radioactive source _400 ‘ _200 — 0 — 200 ‘ 400 | 600 | 800 | 1000

Grid shielding SiPM time sample [us]
located underneath
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Nuclear Inst. and Methods in Physics Research, A e

| SEN 12 pourna humepage: www.2 sev er.com’ ocale’nime =

-

Technical Notes
Simultaneous scintillation light and charge readout of a pure argon filled 1)
Spherical Proportional Counter —
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P. Hellmuth %, 1. Katsinulas =, P. Knights =/, 1. Giomataris’, M. Gras’, . Lautridou =,
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Scintillation Signal

® Primary interaction also produces scintillation
*Prompt signal, s1

® Avalanche produces electroluminescence | |
*Delayed signal, s2 2000/ .‘

® Provides interaction to (s1) and electron drift time (s2-s1) | T”gger\g '

= First measurements performed with 6x6 mm? 2000

ADU (Arbitrary units)
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Next Steps

® New higher-pressure detector is commissioned
*Enable 40 bar filling

Prototype
goals

m Xe gas filling
*Recirculation and recovery system being implemented

® (Gas purification being implemented to remove
electronegativetive impurities

® Calibration with different sources
*207Bi — B-particles
*Rn source — a-particles

® Optimised sensor technologies

mh
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Next Steps

® New higher-pressure detector is commissioned
*Enable 40 bar filling

Prototype
goals

m Xe gas filling
*Recirculation and recovery system being implemented

® (Gas purification being implemented to remove
electronegativetive impurities

® Calibration with different sources
*207Bi — B-particles
*Rn source — a-particles

= Optimised sensor technologies

mh
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A Multi-Anode Readout - ACHINOS

® Single anode: gain and drift fields coupled

= |dea: Multiple anodes located at same distance from centre of detector JINST 12 (2017) 12. P12031
® Gain and drift decoupled JINST 15 (2020) 11. 11
*Drift field determined by collective field of all anodes
*Gain determined by individual anode Central Electrode

® Anodes arranged to sit on surface of sphere with radius rs Wire to Anode
® Required for desired pressure operation
*Improves detector fiducialisation

-

Anode
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Summary B w00 T —— -_
s | |
5 8000} \ SPCsignal :
= R2D2 proto-collaboration aims to perform OvBB searches < |
with Xe-filled SPC 3 000
® Promising first results! woool e
*Energy resolution in Ar | Tigger (|
*Scintillation light read-out 2000 oo
B Next steps to enable higher pressures and Xe operation [ SSERESNS . igh |
*Set-up commissioned e el 7

-400 -200 0 200 400 600 800 1000

*Prototype data taking beginning soon time sample [ys]
" Closely working with other SPC efforts and NEWS-G

*ACHINOS

* Simulation framework

*[ow radioactivity materials

600[

1.1 bar
Ar :CH4 (98

1.2 % FWHM

500{—

400

More on SPC applications at this conference: 300/
® |, Katsioulas: https://indico.stfc.ac.uk/ -

event/324/contributions/3285/ 2005
" I. Manthos: https://indico.stfc.ac.uk/event/ -
324/contributions/3284/ 1000

. S B ETEE Pr
5.1 : 53 54 55 5.6 57
Reconstructed Equivalent Energy (MeV)
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Additional Material
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Experiment [sotope S” wox c1y (107 yr]

CUORE [83] 0 Te 9.5
GERDA-II [84] 5Ge 15
LUCIFER [85] 52Ge 1.8
MAJORANA D. [86] *Ge 12
NEXT [88] 136 Xe 5
AMOoRE [89] Mo 5
nEXO [90] 136 Xe 660
PandaX-1III [91] 1*Xe 11
SNO+ [92] 0 Te 9
SuperNEMO [93] 52Se 10

Adv.High Energy Phys. 2016 (2016) 2162659
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Fig. 5. Density dependencies of the intrinsic energy resolution (% FWHM) measured for 662 keV gamma-rays.

NIMA 396 11 (1997) 360-370
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Pulse-Shape Discrimination

® | ots of information in a pulse. e.g. in rise time
® Electron from larger radii diffuse more
e[ arger spread in arrival — higher pulse rise time/width
® Spatially extended primary ionisation results in higher
rise time/width
® Particle ID by pulse-shape discrimination possible

Primarx Electron Diffusion — Pulse Rise time '

@ Primary Electron
A P
// //

/ AN
/ / “éit\
| u

\ N

\.\ \.\
\\ \\

! UNIVERSITYOoF
ey BIRMINGHAM

p.r.knights@bham.ac.uk

Rise Time [us]

P Knights - IOP HEPP & APP 2022 (RAL)

230 cm detector, 1.3 bar
He:Ar:CH4 (51.7:46%:2.3%)
OFe source inside detector
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Read-out Technologies: Single Anode

® Single anode read-out with resistive correction electrode
*Field shaping near anodes — improved energy resolution
*Resistive materials — improved stability and spark quenching

§'700_'| BEBEREREEERS BN\ SRRN RS 2 mm anode
£ . e Anode Only v -
=, 650~ ® Including Wire M _
% - Includ!ng R-Od v - - Glass
iT B v Including Field Corrector v ] electrode
© 600 v -
5 Fooo
W 550 N

5001 - Supporting

- i rod
450}~ —
400:1 I I | I | I | I | I | I | I | | 1 1 | I I l:
O 20 40 60 80 100120140160180

Angle from Vertical at r=2.00 mm [Degrees]

7 UNIVERSITYOF :
%ESL BIRMINGHAM P-r-knights@bham.ac.uk

P Knights - IOP HEPP & APP 2022 (RAL)

JINST 13 (2018) 11, P11006

He:Ar:CH4,(87%:10%:3%) ,
2 bar, °°Fe, G~103 _

| | | | | | ]
800 1000
Time [10° s]

l l | l l l | l l l | l l
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® QOver ~12 days, stable gain, no sparks

® Small decrease in gain over time due to
contaminant gases (e.g. O2) leaking
into the detector/out gassing
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= 55Fe source placed inside detector = QOver ~12 days, stable gain, ® Source moved between two
*Source of 5.9 keV X-rays no sparks - positions
® At 8000 s, correction electrode ® Small decrease in gain over = Uniform detector
voltage changed from 100 Vto 200V  time due to contaminant response
*Immediate response in amplitude gases (e.g. Oz) leaking into

the detector/out gassing
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Breakthrough! A Multi-Anode Readout - ACHINOS

® Single anode: gain and drift fields coupled
® |dea: Multiple anodes located at same distance from centre of detector
® Gain and drift decoupled

*Drift field determined by collective field of all anodes JINST 15 (2020) 11. 11

*Gain determined by individual anode Central Electrode
® Anodes arranged to sit on surface of sphere with radius rs Wire to Anode /
® Future: Individual anode readout

* Track reconstruction + improved fiducialisation capability

JINST 12 (2017) 12, P12031
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Uniformity of Anode Response
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ACHINOS Simulation Study
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B Simulate experiment sending 5.9 keV photons from different ¢ at fixed 0

® |ooking at signhal generated on Near and Far anodes separately found higher amplitudes on Near
*Electric field higher on Near side due to grounded rod

® |ncreasing voltage applied to Far anodes corrects for effect
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Far Weighting Field

NeaI‘ VS FaI' Slgnals Simulation / / Z
Electrons arrive Electrons arrive /
Near and Far only Far i / /
= Experimentally observe: g "~ FarSignal | & /\%

*Both positive signals 2 60 I /
*One positive, one negative = s k % \ %
® ‘++ explained by ionisation 40 RS ( }Dp é
electrons arriving to both 30- | "= g\ﬁ Z}/Z \;‘g
= ‘+.f explained by Shockley- 200 [ T TN e

Ramo theorem and field -, : - e N
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TPC Mode Operation

® |ncreased number of anodes — spatial information
® For TPC operation need a to
* Primary interaction and avalanche scintillation Simulation
* Additional light-readout could be used
® Demonstrated by R2D2 collaboration using SiPM

230 cm detector, 1.1 bar Ar

w
£ 10000}
3
g
= 8000
£
<
8 6000
<<
At
4000 : 2 1 _750° 1 GeV muon, 100 Torr
Irgger B Initial electrons
| . ' 0 200 400 600 800 1000 1200 1400 * Start
2000 ¢ Avalanche 1 A Peak time [us]
| SiPM signal _ light |
0 ww
—400 -200 0 200 400 600 800 1000
] o time sample [us)
https://doi.org/10.1016/j.nima.2022.166382. Simulation framework: JINST 15 (2020) 06, C06013
UNIVERSITYOF
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Simulation Framework

® Many packages available for detector simulation:
B Geant4: for simulation particle interactions with matter
B ANSYS: finite-element methods software for electric field calculations
= Garfield++: For simulating electron-ion drift and signal calculations
* Interfaces with Magboltz, SRIM and HEED tsouten P Koighte o Matthows. T Neen. K. Nikotosouion R Onene

and R. Ward*!

B Simulation framework combines these with custom calculationNs tO ... s e, tresis o smingian

Birmingham BI5 2TT, United Kingdom

form complete simulation IRFU e, Unverste o Sty

F-91191 Gif-sur-Yvette, France

B Used by NEWS-G, but also R2D2 and for detector R&D

AsstracT: The spherical proporiional counter is a novel gascous detcctor with numcrous applica-

Development of a simulation framework for spherical
proportional counters

tions, including direct dark matter secarches and ncutron spectroscopy. The strengths of the Geant#
and Garlicld++ wolkits arz combined W creale a sirwlation framework [or spherical propurtional
countess. The Interface Is Implemented by Introducng Garfield++ classes within a Geant< appll-
cation. Simuated muon, eleciron, and dphoton signals are presentzd, and thz effects of gas mixture

7 composition and anode support structure on detector response are discussed.
‘ & . Xevworps: Detector modelling and simulations I (interaction of radiation with matter, interaction
\ ' = of photons with matter, interaction of hadrens with matter, etc): Detector modelling and s:mulations
‘o f [ (electric fields. charge transport, mult:plication and induc:ion, pulse formation, electron emission,
S = A SIMULATION TOOLKIT etc); Gaseous detectors; Simulation methods and programs

Q; UNIVERSITYoOF . .
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