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Physics programs s

Polarized electron beam.

SIDIS production of charged pions: 3He or proton (NH3) target.
J/ production: cryogenic LH2 target.

PVDIS.
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SoLID detector for PVDIS and SIDIS
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Principle of GEM detector
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Standalone implementation
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Mixing with background s

SoLID-GEMC Simulation libsolgem
Tracks from physics 1. Digiti :
i . tize tracks from signal
generators of different S!gnalﬂles _ ] f.llgl !Zt ADCsi I ‘e
processes of interest in ROOT iles into signalson

strips
Standard ROOT output

of libsolgem, for GEM
clustering and tracking
reconstruction

2. Mixingand digitize
Tracks generated from the Beam-on-target .
electron beam hitting the files in Roogr _ baCkngUFl_d_tranS. Signals
target (optional) super-positioned.
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Data flow for tracking reconstruction

Standard ROOT output
of libsolgem, for GEM

reconstruction

clustering and tracking

Zhongling Ji (Syracuse University)

GEM signal analysis:
common mode
correction, zero-
suppression and out-of-
time noise rejection
GEM clustering: position
reconstruction

SoLID Tracking Reconstruction

»|

(Achieved concurrently with Kalman Filter)

Track finding: search
for right combination
of this for the track

s

Track fitting: obtain
optimal vertex variables
and other track related
variables

Tracking for SoLID experiment

May 12, 2025




GEM occupancy

@ 10% cm~2s71 for SIDIS-3He and J /7).
@ 10% cm~2s~1 for PVDIS.

@ Occupancy by strips in the PVDIS configuration:

PVDIS Occupancy
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Hit multiplicity and false combinations s

L T e Tam [ &l e [ ae | e |

Occupancy 2.5% 9.7% 4.1% 2.6% 2.0% 1.5%
Hit Multi. 420 5048 1860 1136 460 424

o Hit multiplicity for SIDIS:
e High multiplicity after threshold cut.
e Number will go up for 20 GEM sectors (currently 30).
o Large amount of combinations ~103.

@ Reject false combinations:

e Out of physical intersection.

. — 9u—AQv
o Charge asymmetry: A = Py
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Track finding and fitting s

@ Track finding:

Assume 100% beam-on-target background.

Use the calorimeter to start track finding.

Assume that there is only one high energy hit on the calorimeter.

Use hits on downstream detectors as the hit density there is much lower.

o Track fitting:
e Use Kalman filter (KF) to look for hits along its way of propagation.

o Allow only one missing hit.
o Use a special hit from beam position monitor (BPM).

@ Final selection rules:

e Propagate to the calorimeter to check the agreement.
o Compare with the energy measurement from the calorimeter.
e For tracks that share a common hit, only the track with the largest number of hits are kept.
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Resolutions of kinematic variables

backTheta

ST L L L L A B L B

backTheta
Entries 9309
Mean -0.008629
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Mean -0.01933
Sigma 1.043
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-0.001
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Resolutions of kinematic variables in PVDIS

backTheta
oS backTheta
mf_ Entries 2441
E Mean -0.0562
“E RMS 2.008
E Constant 102.9
Mean 0.003855
Sigma 0.7718
— . s ctot
0 -8 -6 -4 -2 0 2 4 8 10
A6 (mr)
backX
ol backX
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% RMS 0.0009114
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10
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Require hit on every GEM tracker and x?/ndf < 8.
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Tracking efficiency and accuracy in SIDIS-3He
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Tracking efficiency and
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Resolutions in SIDIS at forward angle

resolution Polar angle resolution
10
of= vertexp vertextheta
s Entries 44232 Entries 44232
F Mean 3356 Mean -0.06475
100~
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E Mean 0.4647 = 0.0014
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ACTS implementation
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DD4hep implementation in SIDIS s
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Material map in SIDIS
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Tracking performance s

Only use the GEM detector, not use ECal.
Use a uniform magnetic field for seeding, but a non-uniform field in DD4hep.
Tracks need to have 3 hits in GEM to be considered.

Compare reconstructed or truth seeds.
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Tracking performance: reconstructed seed

Reconstructed particles

Reco Seed Resolution

L
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Reco seeding does not perform well.
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Tracking performance: truth seed

Reconstructed particles Truth Seed Resolution
. 16000 h_res
r N \ Entres 408731
L + h Mean -0.007814
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Truth seeding gives good performance. Track fitting works well.
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Future plans s

Use ECal for seeding.

Use a non-uniform magnetic field in seeding.

Add background particles.

Add PVDIS configuration in DD4hep and solid_recon.

Use machine learning to improve efficiency.
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Summary s

@ High occupancy in GEM tracker brings difficulty in track reconstructions.
o Large multiplicity leads a lot of false combinations in UV hits.

@ How to use ACTS to help on

e Denoising at high background?
e Finding missing planes?
o Implementing Al/ML for tracking finding and fitting?
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Resolutions in SIDIS at large angle

Momentum resolution

vertexp
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Polar angle resolution
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Resolutions in J/¢ at forward angle

Momentum resolution

Polar angle resolution

16
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Resolutions in J/¢ at large angle

Momentum resolution

Polar angle resolution

Vertex z resolution

vertextheta
Entries 16639
Mean -0.0893
RMS 2432
Consiant 1.3260404 + 27226401
Mean 0001309 + 0.002221
Sigma 1338 + 0002

vertexp
60000 Entries 16639 18000
Mean 0841
50000/ RMS 4512 16000
F Constant 5.6542+04 = 1.133¢+02 14000
F Mean 0.07736 = 0.00148
40000 12000
E Sigma 09996 +0.0014
E 10000
30000
E 8000
E 1%
20000 6000
F 4000
10000~
E 2000
C I b sl ! [Maloinfenlia by .
20 B o 0 20 E % 8 6
Ap/p (%)
Azimuthal angle resolution
e vertexphi

Entries 16639
Mean 0.2261
RMS 4408
Constant 3.04e+04 + 6.24e401
Mean 004993 = 000276
Sigma 1885 = 0,003 12000

Zhongling Ji (Syracuse University)

E 65 004" 008

Tracking for SoLID experiment

002

001 0 001

S R
A6 (mrad)
vertexz
Entries 16630
Mean 1.773e-05
RMS 001085

Constant 1.504e+04 + 3.079e+01
Mean  -0.0001427 + 00000002
Sigma. 0.006260 + 0.000008

May 12, 2025

3/5



Resolutions in PVDIS

Momentum resolution
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Polar angle resolution
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Benchmark for KF propagation in PVDIS

@ x position between prediction and measurement in KF propagation.
@ Blue arrows indicate the direction of track finding.
o Large propagation distance leads to large error in Axy.
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