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Part | — code updates
Part Il - uTPC implementation
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Corryvreckan’s modular approach simplifies the process of adapting it to various types of detectors and
enhances the efficiency of data analysis by providing a streamlined, user-friendly interface.

 Builttoreconstruct and analyse pixel R/O

* Modular structure I ... how also strips,
«  Highly flexible and configurable combining X and Y

Goal:

adapt Corryvreckan to MPGDs

@ c (o) rryvreck an (including strip readouts, 1D>2D)

The Maelstrom for Your Test Beam Data
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Recap from last DRD1 collaboration meeting
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Data sources (SRS + APV25/mmDAQ3):
 eventIDs, SRS time stamp, FEC/Chip/Channel, raw_q (25 ns waveform)

Geometry (key fields):
* Size, position, pitch, number of pixels, type, APV chip number

« new flags: FEC number, 2D readout type (Compass, Top, PAD), gas gap, enemy role

Workflow:

Event . . DUT DUT
{ Loader } {Clustermg} { Tracking } {Association} [ Analysis }
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Recap from last DRD1 collaboration meeting
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EventLoader:

Q (apc)

Pixel charge when COMPASS-like uses Q = q, * q, (single-view events discarded)

Pixel charge when TOP uses Q = (q, + q,)/2

Per-strip charge vs time can be fitted with Fermi-Dirac to take the hit time at the rising-edge

inflexion point @ TO chip and strip number to be set in the code

New Pixel: stores charge and time separately for Xand Y strips, plus a pixel charge and time stamp
< info on the strips' data is not lost when creating the 2D pixel!

Signal sampling for each APV25 channel

PRELIMINARY

[EventLoadermmDAQ3]
input_directory = "run/"
charge_cut_x =50
charge_cut_y =50
time_cut =100

#fit = true
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Recap from last DRD1 collaboration meeting
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[ClusteringStrips]
charge_weighting = true

- neighbor_radius_col = 2
1P ™\ neighbor_radius_row = 2
'5\,1 time_cut_abs = 1000
'L-AH'_. time_cut_col = 100
time_cut_row =100
ClusteringStrips: time_cut_pixel = 100

* allows =1 empty neighbouring strip
* time window cut (configurable, reduce ghost hits)
e position of the cluster is calculated with the Charge Centroid using X and Y separately




Recap from last DRD1 collaboration meeting
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[Tracking4D]

spatial_cut_rel = 300

exclude_dut = true

time_cut_abs = 50

min_hits_on_track = 2

require_detectors = "TRK_IN","TRK_OUT"
unique_cluster_usage = true
OnlyGoldCluster = true

max_plot_chi2 = 500.5

reject_by roi = true
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* builds tracks with Golden Clusters (max-charge) ‘\EI
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Recap from last DRD1 collaboration meeting
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If the detector has the flag «enemy» true, the
module will calculate the Residuals also with
the enemy method:

The enemy method calculates the distance
between the clusters’ centres on each readout
of two identical DUTs

Analysis:
* resolution with “enemy” analysis is implemented
o— . -
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Recap from last DRD1 collaboration meeting
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[HYB 1]

number_of pixels = 256,256

mask_file ="../mask_files/mask_HYB_1.conf"
Example of Geometryfile orientation = Odeg,-30deg,0deg
orientation_mode = "xyz"
pixel pitch = 400um,400um
position =0cm,0cm,614mm

spatial_resolution = 100um,100um
time_resolution = 10ns

m_fec=1

apv_1=0

apv_2=2

o= readout = "compass"
{111 gas_gap=6
I i "
o type = "APV252D

nr
e Tl role ="dut"
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The code can be found as a merge request in the Corryvreckan GitLab
o—— Ve g

https://gitlab.cern.ch/corryvreckan/corryvreckan/-/merge_requests/748

O Q Search or go to... G\ Corryvreckan / |G Corryvreckan / Merge requests |/ 1748

Project

mmDAQ3 + APV25 - 2d strip detectors

& Corryvreckan ) ) )
1% Open Elena Sidoretti requested to merge % esidoret/corryvreckan:mm.. [f} into master 2 months ago

88 Manage >
& Plan 5 Overview 0 Commits 17 Pipelines 12 Changes 27
<[> Code v This new additions make Corryvreckan able to perform the analysis with datasets provided from the mmDAQ3 with APV25
acquisition system for 2D readout strip detectors (MPGDs). This will be useful for the MPGDs collaboration (DRD1 @CERN).
I Merge requests
Repository %0 ¥o
Branches
@ Members who can merge are allowed to add commits.
Commits
Tags
Repository graph ® Pipeline #12555590 passed 0000

Pipeline passed for 9a045ff2 on esidoret:mmdaq_2d_s.. 2 months ago
Compare revisions

Locked files

8¥ Requires 1approval from Default. v
7 Build >
o0 N e //,.
O O s
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https://gitlab.cern.ch/corryvreckan/corryvreckan/-/merge_requests/748
https://gitlab.cern.ch/corryvreckan/corryvreckan/-/merge_requests/748
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WIP: Analysis pTPC

Analysis performed for G-RWELL prototypes tested in November 2024 @CERN
T10 with X axis rotated w.r.t. the incident beam
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Spatial resglutioq reconstruction methods
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Charge Centroid: calculates the
position of ionization clusters
based on mean position weighted
on measured charge

HTPC: tracks are reconstructed with

the time of arrival of hits and the drift

velocity, the cluster’s position is the

intercept with a plane parallel to the
readout




Signal sampling for each APV25 channel

IJTPC g PRELIMINARY
o (@ 4
. y |
%
The “uTPC” method for inclined tracks i

* The time of arrival of the hits and the drift velocity in the gap are
used to reconstruct the track segment.

* The cluster's position is determined by the intercept with an P T T TR ‘;0*“650
arbitrary plane parallel to the readout 5 time (ns)

> half gas gap in my module

=V t
A linear fit on position/time to get track slope and offset is performed: g 55 PRELIMINARY o
* The inputis the X position of the strips and their time, all with Nt »
respective errors T o
* The Z position is computed with z=t vy, (with v4,; = 0.04 mm/ns) .-
* The vectors are sorted by position and fittedz=a+ b x -
The data extrapolated: the intercept (a), the slope (b) and the x?/NDF. **
. — R
Thanks to Riccardo Farinelli (INFN Bologna) o T -

155 16 165 17 175 18 185 19 195 20
w X[mm]

D ™ ra




UTPC fit checks

HYB_1_X_0

1TIIIIIlII[IIIII IIIIIIII I IIIIIIII IIII!
7225 723 7235 724 7245 725 7255

if the slope b is zero or invalid

(NaN or Inf), the position
calculated in CC is kept




UTPC fit checks

If the size of the cluster along X is smaller

than 4 (low statistic fit), the position
calculated in CC is kept

HYB_2_X_0 GRV_2 X 0 HYB_1_X_0
27 L 1.2
1.6 L
26 L 1=
- 1.7+ L
B r — R
25 L e | 0.8
1.8
24 L 0.6
1.9
i — L
23 i 0.4
=2
22 i 0.2 4
—21F
2.1 B o o
[N S PN S T S| o2 Lol L L L L b [FYRYRETT FRRTAVETY AYRTANNETY ATRRURTIRY
688 69 692 694 696 698 70 70.2 394 396 398 40 402 404 406 646 647 648 649 65 651 652 653 654
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HYB_1_X_0 HYB_2_X_0

GRV_2_X_0
2 [ ;
TPC fit checks — |
Tl itchecks e | .
N d ; Gl i
1:— “ + 1__
1= + ®e :_
. v
_4_...|...|,..|,.,]\,,|,,l|,, + T T R N1 AT AR SRR T AN ARARA N
Chi2/Ndf =6442/21 = 306 Ch|2/Ndf 74/4—188 Chi2/Ndf=1081/13 = 83

if X2/NDF < 4, the new position of the cluster is set to be 20000

pixels away - NB this will occur in non-efficient events




HTPC residuals,

Residual in global X in enemy post align

The fits that pass all the checks are intercepted on a plane 2 120 reSidualeX_giobal_enemy_alin
. = Entries 3711
parallel to the readout plane, at half gap distance (along Z). 5 of-| PRELIMINARY Mean 756
Std Dev 252.5
. . . . Prob 0.3009
2 The interception point is set to be the new centre of the h . 1508 =59
p -35.01 £5.51
Cluster " p2 1414 +48
100 p3 2264 +5.43
p4 —-2284 +3741
80 p5 258.4 +17.2
. o . 60
Tracking and DUT Association follow. “

Boo0 1500 -1000 500 0 500

1000 1500 2000
Xenemv1'xenemv2 [Hm]

Sigma 177 um

Resolution in enemy mode 125 um
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HTPC angle scan

RMS [um]

700

600

500

400

300

200

100

The efficiency of all the runs is ~ 95%, except for the one at 45°
in CC, having e =88% and the one at 0° in uTPC, having € = 82%

TB2024 DUT G-RWELL, Enemy Residuals RMS uTPC vs CC

® HYB_1CC

PRELIMINARY |

® HYB_2CC
B HYB_1uTPC

HYB_2 uTPC

I
0 5

10 15 20 25 30 35 40 45

THETA [deqg]
3 o : p g ! :
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JJTPC note

Usage:
 The uTPC Analysis module is added right after the Clustering module

* For the alignment procedure, the position of the DUT will be moved at half its gas gap, and
the uTPC will be performed discarding also the clusters with b=0 and size <4

* The X?/NDF cut can be set from the configuration file
Implementation ongoing:
For the “in gas gap” fit:

* The last point closer to the readout may be “doubled” due to crosstalk between adjacent
strips. In that case, depending on the slope, the fit should discard it

2-Dimensional pTPC




Thank you!

Thanks to

Marinagela Bondi, Annalisa D’Angelo, Riccardo Farinelli, Matteo
Giovannetti, INFN-Roma 2 & INFN-LNF w.g.
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Backup
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Data taking @CERN
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Active area 10 x 10 cm?
Pitch 400 um
Drift gap 6 mm
Transfer gap 3 mm

Test beam @PS T10 November 2024
* muon beam 5GeV/c

GOAL:

The aim of the test beam was to evaluate the performance regarding
spatial resolution as a function of:

* various angles of incidence

e various AV GEM applied

 different values of drift and transfer fields = -

Gas mixture Ar:.CO,.CF,45:15:40
Acquisition SRS + APV25 +
system mmDAQ3
Data analysis | Corryvreckan
framework
N "’/
N > —
—

A Ny
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Trackers set-up & backup solutions

N d

The goal was to use two hybrid G-RWELL as trackers. Since one of the GEM broke during the test beam, one of the
trackers was used as a standard uRWELL with 3 mm gas gap

G-RWELL hybrid URWELL

Drift field 2.5kV/cm in 6 mm gas gap OFF

AVgem 400V (gas gain ~10) OFF

Transfer field 4.5kV/cm in 3 mm gas gap 3.5kV/cm in 3 mm gas gap (as Drift)
AVieLL 550V (gas gain ~1500) 630V (gas gain ~8000)

Gas gain ~15000 ~8000

The G-RWELL may still be used as a standard uRWELL, with efficiency higher than 90%, should the GEM stage show
problems and must be disconnected.

o——~ N o

J \\?::G . ”;/FJ,———

O —— p—




UTPC results efficiency
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efficiency

—

0.9

0.8

0.7

0.6
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TB2024 DUT G-RWELL, Efficiency uTPC

® HYB.12D | o - ' I

HYB 22D | H—— S R T
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HTPC results - resolution
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res [um]

TB2024 DUT G-RWELL, Resolution in enemy mode X
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Drift velocity
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Calculated using Garfield++ simulations

* Ar:CO,:CF4 (45:15:40) vgyif: =4 cm/ms (Eg = 1 KV/cm)

Drift Velocity (cm/ms)

12 i s e

10

8

6 : i
@ AriCO, (TW30)

4 i O ANCOJCE, (6NINY)
@  ArCO/CF, 4515140

2 - @ - ANCE/CH; 65787)

0 = N T B | N
2 3 - 5 6

Electric Field (kVicm)
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HTPC angle scan

size

TB2024 DUT G-RWELL, Size
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0 5 10 15 20 25 30 35 40 45
THETA [deg]

v o
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TB2024 DUT G-RWELL, Cluster Charge
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