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C+RWELL SIMULATION GROUP

> Newly established working group exploiting KLOE-2 and BESIII expertise and skills

Torino
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C+RWELL SIMULATION: BENCHMARK & ACTIVITIES

Benchmarks agreed with the group of the Inner Tracker TPC option: . I
. o o . . 5 e 0-‘:‘7'{4-
4 Reconstruction efficiency of soft pions (p, < 100 MeV) with background (Bhabha + 2y ) : SR
g 1000 A 3 . '.*'.'-’-:"'-: -."%"‘-'..
\ l é ‘.. . -1’5’..'. S,
e Pions with momenta less than 50 MeV/c do not pass through Z oo . w
the beampipe option/subsystem Materials Thickness (X0)
e Three options of Inner Tracker are considered | Vacuum Pipe 3 mm Be + 0.5 mm paraffin 1% 600
o Si-strips — reconstruction for p_ > 65 MeV/c | T*€ Bx(lmin glass: diben (G % Qi s 1%
. i teflon +15 um copper) 200
o CGEM — reconstruction for p_ > 60 MeV/c [cGem 4x(0.25 mm Kapton + 40 ym copper) 12%
o TPC Si-strips 4x(0.32 mm Si + 0.4 mm carbon fiber) 2.4%
m Standard wall — reconstruction for p_> 60 MeV/c L. Shekhtman, A. Sokolov, Vijayanand KV, Simuaton of . ransverse momentum
m Thin wall — reconstruction for p_ > 55 MeV/c L Maltsey i

000 005 010 015 020 025
T+ transverse momentum [GeV]

4 Reconstruction efficiency and space resolution for vertices in Inner Tracker volume using A’s and Kg in FV
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C+RWELL SIMULATION: BENCHMARK & ACTIVITIES

Benchmarks agreed with the group of the Inner Tracker TPC option: . I
. o o . . 5 e o-"".‘f
4 Reconstruction efficiency of soft pions (p, < 100 MeV) with background (Bhabha + 2y ) : SR
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e Pions with momenta less than 50 MeV/c do not pass through Z oo . w
the beampipe option/subsystem Materials Thickness (X0)
e Three options of Inner Tracker are considered | Vacuum Pipe 3 mm Be + 0.5 mm paraffin 1% 600
o Si-strips — reconstruction for p_ > 65 MeV/c | T*€ Bx(lmin glass: diben (G % Qi s 1%
. i teflon +15 um copper) 200 |
o CGEM — reconstruction for p_> 60 MeV/c [ cgem 4x(0.25 mm Kapton + 40 um copper) 1.2% :
o TPC Si-strips 4x(0.32 mm Si + 0.4 mm carbon fiber) 2.4%
m Standard wall — reconstruction for p_> 60 MeV/c L. Shekhtman, A. Sokolov, Vijayanand KV, Simuaton of . ransverse momentum
m Thin wall — reconstruction for p_ > 55 MeV/c L Maltsey i

000 005 010 015 020 025
T+ transverse momentum [GeV]

4 Reconstruction efficiency and space resolution for vertices in Inner Tracker volume using A’s and Kg in FV

Activities for uRWELL Inner Tracker option:
|) DD4HEP framework for SCTF detector simulation using more realistic material budget
2) Detector Response parametrisation for fast simulation
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|. DD4HEP FRAMEWORK

- Insert updated detector configuration. Geometry & material budget inputs from mechanical group
studies (see G. Bencivenni’s talk)

& Use Geant4 hits to study soft pion reconstruction as a function of p, momentum. Same scheme used to
find p, threshold in studies previously performed with Inner Tracker detector options.

- Insert detector response parametrisation for fast simulation.

Hands-on started on proxima server @ BINP/General Computing Facility using basic package version from
Software Group and following wiki page https://ctd.inp.nsk.su/wiki/index.php/VWorkflow quick_reference

First tutorial with Build and Run primary generators done

Eagerly awaiting to participate in periodic meetings on software activities
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https://ctd.inp.nsk.su/wiki/index.php/Workflow_quick_reference

2. DETECTOR RESPONSE PARAMETRISATION (DATA REF)

- Start with DATA/MC
matching of well known

H Test beam set-up | |

detector configuration Traf'ierf: GENtth/ 2/ 2|/ 2 Data on the HR lavout
, - only to clean up the sample ata on e ayou
X 4
to get e.fﬁCIenCIeS and 4 N\ were collected during test
resolutions. y beams at CERN (H8-SPS),
with m or p of 180 GeV/c
n/u BEAM * ’
— 1D X-STRIP readout

(400 pum pitch)

n ! ,Kmll chambers DLC Iayer surface
i/ resistance: 40 MQ/O

- Scintillators for trigger
(sent to an APV25 channel)

Central .-RWELL  All the detectors equipped with analog FEE (APV25 boards) read by an SRS system.
rotatable plate Operated with Ar:C0,:CF, 45:15:40 gas mixture and Gain 5000
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2. DETECTOR RESPONSE PARAMETRISATION (DATA REF)

- Start with DATA/MC :
matching of well known Cluster size £
detector configuration . .=
o . € o
to get efficiencies and E il
M :"ﬁ\\‘. 1,3 ,'=‘\\ ,li .:li\‘}l Z
resolutions. . anianannanianannant’s
- Calibrate MC @ 0 = 0° N
and 0.5 kV/cm drift field 20, 2 A: - 2200,
with cluster size and §$§88§ = 5 e §f333§
. . . 1600E T C 1600F :
charge distributions. < 1400F § 4f o 2 1400 .
& 1200F C 8,1200F
o o = E c 5 E . N
Validate MC with angle = 3F 4 g0k -
d d .f f. Id 600 2F l—/./ 600F AN
and drift field scans. s00t g 200E LA\ R\
200} 1F 200F- | AN \
% 2746 8 10 12 14 16 18 05 %2746 8 10 12 14 16 18

Angle (°)

Ar:CO,.CF4 45:15:40, HV=600V, Gain ~5000
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2. DETECTOR RESPONSE PARAMETRISATION (DATA REF)

- Start with DATA/MC
matching of well known D Cl uster Ch d rge

G}
detector configuration .= : il\
to get efficiencies and £l Al
resolutions. aniansnnssdainsnnat’
-$- Calibrate MC @ 0 =0° | £ 7000 |
and 0.5 kV/cm drift field 2 soof N o
with cluster size and §$ggg§ S s " éfgggé N
charge distributions. %Egg S sonof == %Egg .

Validate MC with angle §1ggg§ % 3000 ‘_// §1ggg§ \\\ =
and drift field scans. o © 2000t o3 XRN* L
-$- EXtraPOIate MC to new 2080; 2 4 6 8 10 12 14 16 18 10002 208:_\2 ; “6 8 }12 14\\16 18
detector configuration Sp i e Spe

Angle []

Ar:C0O,.CF, 45:15:40, HV=600V, Gain ~5000
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2. DETECTOR RESPONSE PARAMETRISATION (INPUTS)

- Simulation software developed for BESIII triple-GEM detectors (GTS) — Adapted to nRWELL detector.
- Inputs from Garfield simulation of orthogonal tracks from 100 GeV muons in 6 mm gap with Ar:CO,:CF,
45:15:40 and 0.5 kV/cm drift field

Track_N_eCluster

T T T l T T T I T T T l T T T T T T

primary_cluster

i. Primary clusters distribution 0F E 800F -

C . - Entries 10000
8o 2 ndf 24.11/32 E 7001 Mean 20.75
20 = Constant  77.82 +3.00 = C Std Dev 5.406

o Mean 29.81 £0.17 ] 600— >

. Sigma _ 5.473 +0.131 . - x* / ndf 87.74137
60 — ] -

. ] 500 Prob 5.266e-06
50 | ] - Constant 745+ 9.1

- 3 400 Mean 30.27 +0.06
40 E = E Sigma 5.309 + 0.037
30 F- = S00E
E
10 = 1001

O C l . . L L bl I L . . I L L — 0 :I A 111 | | I | | I 111 I 111 | 111 | I L
0 20 40 60 80 100 10 15 20 25 30 35 40 45 50

# prim. clusters
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2. DETECTOR RESPONSE PARAMETRISATION (INPUTS)

- Simulation software developed for BESIII triple-GEM detectors (GTS) — Adapted to nRWELL detector.
- Inputs from Garfield simulation of orthogonal tracks from 100 GeV muons in 6 mm gap with Ar:CO,:CF,
45:15:40 and 0.5 kV/cm drift field

. . ¢ c o a ht

i. Primary clusters distribution » —— 10° - Gries 225550
. - - - E Mean 2.388
ii. Secondary electrons distribution StDev 6757

%%é ) _

0 50 100 150 2(_)0 eCluster_N_Primary
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2. DETECTOR RESPONSE PARAMETRISATION (INPUTS)

- Simulation software developed for BESIII triple-GEM detectors (GTS) — Adapted to nRWELL detector.
- Inputs from Garfield simulation of orthogonal tracks from 100 GeV muons in 6 mm gap with Ar:CO,:CF,
45:15:40 and 0.5 kV/cm drift field

E ) . ) |.e5 electrons with initial coordinates (0., 0., Uniform->(0.015,0.6)).
i. Primary clusters distribution Drift field 0.5 kV/cm, v4 = 20 pm/ns

ii. Secondary electrons distribution 1
iii. Space and time resolutions P

Gap divided in 20 slices of Az = 0.03 mm
Study drift time & transverse diffusion in each slice

.



2. DETECTOR RESPONSE PARAMETRISATION (INPUTS)

- Simulation software developed for BESIII triple-GEM detectors (GTS) — Adapted to nRWELL detector.
- Inputs from Garfield simulation of orthogonal tracks from 100 GeV muons in 6 mm gap with Ar:CO,:CF,
45:15:40 and 0.5 kV/cm drift field

i. Primary clusters distribution

7 ™
.. e a E oo s
ii. Secondary electrons distribution & | . £ F
coe S d . I . © I~ 5 5‘55_
Il. Space an time resolutions £ 0.008— ol -
®» | sF-
_ =
0.006|— s T3
- B % %2/ ndf 1.086/ 16
l % %2/ ndf 2.178e-06 /17 - Prob 1
0.004— Prob 1 a5E- p0 2.572 +0.2337
- PO 0.001298 +0.0002412 “E p1 19.1 +3.391
i p1 0.02326 +0.001859 | p2 -44.75 +13.18
ol p2 -0.01814 +0.003001 » p3 38.6 +14.49
' 25—
Ly Px
—l 1 1 L l 1 1 L 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I L 1 L 1 I 2:__‘ . - . l : g g g l : : : ! ‘ . : . : l : , . : l ; g : ! I
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2. DETECTOR RESPONSE PARAMETRISATION (INPUTS)

- Simulation software developed for BESIII triple-GEM detectors (GTS) — Adapted to nRWELL detector.
- Inputs from Garfield simulation of orthogonal tracks from 100 GeV muons in 6 mm gap with Ar:CO,:CF,
45:15:40 and 0.5 kV/cm drift field

. . . . . -3 (2)0 * (pow(1 +[1],1 + [1]) f TMath::Gamma(1 + [1]}) * pow((x/[0]L[1]) * exp(-(1 + [1]) * x / [0] —
i. Primary clusters distribution o o oo ‘ ‘; ‘””; - ] soE Fieip
r ST 14 olya distribution with - Entries 10000
ii. Secondary electrons distribution °'*f 6): 0 4001 e 4570
0 . 012 - Y 350 .
i Spafce and time I"e.SO|L.ItI0r.]S : <G> = 5000 o Average gain /
iv. Gain from Polya distribution  ¢.10f ok incident track
0.08 2005—
0.06 150~
100F-
N : ; : . l I I I : I . I I I I . . . . :l rh L L 1 1 ] 1 1 1 1 l 1 1 1 1 | 1 1 1 p— .
0 2500 5000 7500 10000 O™5556~ 4000 5000 6000 7000
Gain of one electron Mean gain in a track
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2. DETECTOR RESPONSE PARAMETRISATION (OUTPUT)

Caveat: present simulation does not include the resistive detector component
- Simulation with 0.5 fC noise and 1.5 fC threshold

i. Clusters size - - & 1F
- emp > F .
5000 Entries 10000 = g .
B Mean 2.66 o =
= StdDev  0.5878 S 8 = "
4000 © "
- 7
3000 oF- .
2000 5E :
- 4 "
1000 S
| fC = 30 ADC - | SE_
0IIII el D llllllll] IIIII III|IIII|IIII|IIII[IIII|IIII|IIII|IIII|III
0 i 2 3 4 5 6 7 25 0 15 20 25 30 35 40
Cluster size Incident angle [deg’

@ Check with reference DATA if Noise and ADC threshold are compatible with pfRWELL
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2. DETECTOR RESPONSE PARAMETRISATION (OUTPUT)

Caveat: present simulation does not include the resistive detector component
- Simulation with 0.5 fC noise and 1.5 fC threshold

i. Clusters size 9% Fep s [
- Entries 10000 — - .
ii. Cluster charge .- ean 3389 Q 65
& 5001 I\Sﬁtd Dev  19.21 g -
- S 60 .
400 s
- 3 5F
- O n .
3001 50F-
2001 45E .
- 40F-
100_— E .
| fC =30ADC i 35p-
L l]llllllllllllllll ILII : | I - NN N N N N U [N (N N N N N N N N O N A I |
% T20 20 60 80 100_ 120 140 I T R TS S T a7

Cluster charge [fC) Incident angle [deg]

@ Check with reference DATA if Noise and ADC threshold are compatible with pfRWELL
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CONCLUSIONS & OUTLOOK (1)

Newly established working group exploiting KLOE-2 and BESIII expertise and skills

1) DD4HEP framework for SCTF detector simulation

<> Insert updated detector configuration as from mechanical group studies
- Perform soft pion studies
& Vertex reconstruction efficiency and resolution

2) Detector Response Parametrisation for fast simulation

& Simulate resistive configuration

- Parameters tuning @ 0 = 0° and 0.5 kV/cm drift field with uRWELL reference data: threshold, noise, space
and time resolutions

& Validation with drift fields > 0.5 kV/cm and track incident angle scan

& Insert DRP in DD4HEP framework
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CONCLUSIONS & OUTLOOK (Il)

< Study possible INFN

layouts presented in m—— Possible IayOUtS o,
G. Bencivenni’s talk N/

S

S

(2]

* N. 4 independent C+layers 2 1.9+2.5% X0 * N.2small gap B2B C+layers 2 1.5+1.9% X0 * N.1large gap B2B C+layers = 0.75+0.95% X0 §

e 1cmgas gap/layer e 2x1cmgas gap/B2B device e 2x5cm gas gap/B2B device §

* 4.cm global sampling gas * 4 .cm global sampling gas * 10 cm global sampling gas §

%
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Operation of large gas gap radial TPC to be verified

Material budget estimated taking into account different material choices for the mechanics, cathode and faraday cage.
All these layouts require the design, construction and test of a C+RWELL prototype.
The prototype under discussion is based on the innovative concept of the modular roof-tile shaped detector.
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