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SoLID detector for PVDIS and SIDIS

SoLID (PVDIS) SoLID (SIDIS and J/i)

EM Calorimetery

i(forwardfangle))
! (EVI[Calorimeten)
i(argeangle)
[GEV] | B— -
{Scint} (&
Target |
Collimators

{
t
.
s
I

JT 8
_@m
[Coilland)roke]

Cherenkov (Cherenkov

2/24

July 7, 2025

Zhongling Ji (Syracuse University) Tracking for SoLID experiment



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
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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 PVDIS Occupancy
g oof T T T T plane g 80; T T E—
F A —plane 2 7oF al — plane 2
70E plane 3 E _|j plane 3
:, \ —plane 4 GOE — plane 4
60k In £
;J \ —plane 5 E f — plane 5
50 = S0E f E
40 1 A h f 405 f \L‘ E
. W‘\\‘ f NN :
Y f IR f
10 ; E 10F :
e T ] : ‘ ;
G0 200 400 600 800 1000 00 200 400 600 800 1000
strip number strip number
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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
RMS 4.071
Constant 126.4
Mean -0.01933
Sigma 1.043

-0.003

-0.002

-0.001

Zhongling Ji (Syracuse University)

0

4 8 10
A8 (mr)
backX
Entries 9309
Mean 8.402e-06
RMS 0.001251
Constant 51.94
Mean 1.299e-05
Sigma 0.000875

0.001

0.002 0.003 0.004
AX (m)

in PVDIS

backPhi

E backPhi
“E Entries 9309
wE Mean -0.4362
b RMS 7.852
100 Constant ~ 59.82
s Mean -0.4157
wof- Sigma 8.334
40—
20:

o 15 0 = 4 [ 75 20
A¢ (mn)
backY

F backY
wf- Entries 9309
wof- Mean  9.739-06
L RMS 0.0003614

F Constant 79.96
“E Mean -2.227e-06
o Sigma  0.0001399
o

01 -0.0008-0.0006-0.0004-0.0002 0
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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
Entries 2441
“ Mean  3.581e-05
% RMS 0.0009114
“ Constant 40.72
30 Mean 3.076e-05
0 Sigma 0.0007423
10
-07004 -0.003 -0.002 -0.001 0 0.001 0.002 0.003 0.004
AX (m)

backPhi

3 backPhi
= Entries 2441
oo Mean 0.01314
E RMS 4.186
F Constant  87.84
E Mean 0.232
o Sigma 1.827
% 0 15 -10 5 0 5 10 15 20
A ()
backY
ol backY
Entries 2441

Mean 8.923e-06
RMS 0.0002414
Constant 59.03
Mean -2.851e-06
Sigma 0.0001207

o Edluns e, Y Nl AL ol P gl o
-0.001 -0.0008-0.0006-0.0004-0.0002 0  0.0002 0.0004 0.0006 0.0008 (0.001
AY (m)

Require hit on every GEM tracker and x?/ndf < 8.

Zhongling Ji (Syracuse University)

Tracking for SoLID experiment

July 7, 2025 11/24



Tracking efficiency and accuracy in SIDIS-3He

@ = 10°
T 16—
> F |966%
- | 95.4% 1
W Tsam |
@ Hits of an accurate track are all B 95:7% — 102
from hits of the MC particle. 12— '_9-6';_4% 3
@ Track finding efficiency (black B 948% il
numbers) and accuracy (red 10—~ R
numbers) for SIDIS-3He. = 94.3% =
87
L o | L
% 2 4 6 8 10 !

momentum (GeV)
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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~
F RMS 6261 RMS 1379
sof-
E Constant 1.237e+05 = 1.414e+02
: nstan e + Constant7.933e+04 = 7.674e401
E Mean 0.4647 = 0.0014
E 1.37% 1mr Mean -0.03033 = 0.00072
Sigma 1.37 2000
E Sigma 0.9968 = 0.0007
wof-
L L I L L s 1
20 0 o 70 20 5 6 4 2 0 46 8 10
Aplp (%) A6 (mrad)
Azimuthal angle resolution Vertex z resolution
3 vertexphi vertexz
0000E" Entries w232 Entries 4232
s0000F~ Mean 02514 Vean “o0uot7s
F RMS 0.01244
40000~ RMS 5.542
E Constant4.036+04 + 4.137e+01
F Constan.561e+04 = 55808401
30000~ Mean  -4.7130-05 + 7541606
F Mean 009007 = 000354
E 4.2 mr 9.2 mm Sigma 0009243 + 0.000008
20000} E Sigma 4152 + 0,004
10000~
E . b, I L L y I I (e,
20 EQ o 70 20 Bos 004 003 002 ©01 O 001 002 003 004 005
A¢ (mrad) Az (m)
Zhongling Ji (Syracuse University) Tracking for SoLID experiment July 7, 2025

14 /24



ACTS implementation
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Purposes and procedures s

@ Purposes:
v Signal level ACTS tracking (single electron with SIDIS configuration) and comparison with the
standalone results
¥ Realistic ACTS tracking (signal 4+ background for SIDIS/PVDIS configuration) and comparison with
the standalone results
@ Procedures:

4 Verify the geometries for SIDIS tracking
v Implement the ACTS tracking geometry in the solid_dd4hep repository and run single electron
simulations
o Use the existing algorithms in EICrecon for digitization (add resolution smearing and efficiency) and
track seeding/finding/fitting
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GEM geometry

@ Use trapezoidal structure to create the GEM disks.

@ Build the material map for each tracking layer.

Zhongling Ji (Syracuse University)

Tracking for SoLID experiment

Location | 7 | Ryede® [ Ry
(cm) (cm) (cm)
1 -175 36 87
2 -150 21 98
3 -119 25 112
4 -68 32 135
5 5 42 100
6 92 55 123
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DD4hep implementation in SIDIS s
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Material map in SIDIS

3000

mart_y

2000

-2000

-3000

-2000 -1000 0 1000 2000 3000 4000 5000
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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
0.8
[ ——
0.6
0.4
0.2l
i ——
e v i1
0 2 7

Zhongling Ji (Syracuse University)

h_res
[ M Entries 338003
——t—— 3000 » Mean -0.02171
L Std Dev 0.1029
[ X2 I ndt 6.907¢+04 /997
2500
r Constant 2372 £79
[ Mean 001175 £0.00010
2000 - Sigma 0.04447 +0.00012
1500F
1000
500
[ ot
i | Cooslieert D Lo oo Lo NP wRend I
8 10 -05 -04 -03 -02 01 0 01 02 03 04 05

Energy (GeV)

Reco seeding does not perform well.

Tracking for SoLID experiment

Ereco/Eun-L
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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
0.9995[— + * ‘_f_‘,_*_ - Y
F —+—' 14000 n ::I Std Dev 0.04008
0,999 :_ L "I X2/ ndf 3.9620+041 796
TR } l 12000~ Constant 1203¢+04 + 27230501
o r Mean -0.001206 + 0.000021
0.9985[— 10000+ sigma 001413 +0.00002
0.998F ._+_. s000k
0.9975F 6000k
0.997F 2000
0.9965 2000
09961 + v 1 v v 0 Loy b ] NERRE ERRTE RRRTS FRRNY 1) T FA VWU ERRTE FRRNE RRRTY FRET
0 2 4 6 8 10 -05 -04 -0.3 -0.2 0.1 O 01 02 03 04 05
Energy (GeV) Ereco/Eun1

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
Entries 16109
Mean 1.324
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Constant 3651+ 26.6
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L I L J
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Polar angle resolution
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1000~
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800~
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400~ Sigma 1.077 = 0.005
200~ |
E L L - A
-0 -8 -6 -4 2 o 2 4 6 8 10
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Resolutions in J/¢ at forward angle

Momentum resolution

Polar angle resolution

16
S vertexp vertextheta
E Entries 20845 Enties 20845
30~
F Mean 2.268 Mean -0.06369
E RMS 5.805 RMS 1.849
Constant 3.448e+05 = 2.3756+02 Constant 1.787e+05 = 1.231e+02
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a
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s0f— RS 0014
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r Constant 8.527¢+04 = 5.8602+01
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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
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50000/ RMS 4512 16000
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40000 12000
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E 10000
30000
E 8000
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F 4000
10000~
E 2000
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Entries 16639
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Resolutions in PVDIS

Momentum resolution

100

a

Polar angle resolution

8

Vertex z 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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