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What does a typical event look like?
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What does a typical event look like?

“Track Multiplicity” Stats: 1M events
Number of tracks we can reconstruct by matching Cuts: - Trigger hits in first 150 ns of readout
clusters in upper and lower GEMs - Tracks intersect trigger detectors
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Can we start to reconstruct particle tracks?

GEM Cluster Position Correlations

If clusters in upper and lower GEMs are created by the same cluster in each GEM

particle, their positions should be linearly correlated.

Run 3932: Cosmic Right
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Can we start to reconstruct particle tracks?

GEM Cluster Projections versus Trigger Hits
Match GEM clusters - project tracks onto trigger.

We expect projected hits at same position as

trigger hits.

« Constant offset implies incorrect position of
detectors

- Slope offset implies incorrect angle of
detectors

«  Calculation of trigger hit Y may also be
Inaccurate




Can we start to reconstruct particle tracks?

GEM Cluster Projections versus Trigger Hits Selections: One track per event
Projected paddle versus hit paddle in cosmic ray data. One trigger hit per event
In time trigger only

Run 3622: Cosmic Left Run 3932: Cosmic Right
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Can we start to reconstruct particle tracks?

GEM Cluster Projections versus Trigger Hits Selections: One track per event
Projected paddle versus hit paddle in beam data. O”? t”gg_e" hit per event
In time trigger only

Run 4034: Moller Left Run 4026: Moller Right
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Can we start to reconstruct particle tracks?

GEM Cluster Projections versus Trigger Hits

Projected Y versus hit Y in cosmic data.

Run 3622: Cosmic Left

Selections:

One track per event
One trigger hit per event
In time trigger only

Run 3932: Cosmic Right
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Can we start to reconstruct particle tracks?

GEM Cluster Projections versus Trigger Hits
Projected Y versus hit Y in beam data.
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How do we sort out good tracks from the junk?

Timing Analysis
We want to match GEM clusters with trigger hits which are coincident in time.

When do GEM clusters and trigger signals get read out, relative to a particle interaction?
What is the delay between the GEM and trigger readout, and is it constant?

11 > 800 ns
Trigger Readout ¢ >

11
1 150 ns
GEM Readout “<—>

Time

Event start !
Delay?



Trigger Timing Analysis

Distribution of hit times
Times that trigger records hits relative to event readout time

Run 3932: Cosmic Right Run 4001: Elastic Right
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Trigger Timing Analysis

Distribution of hit times in beam data Run 4001
“In time” cut = Trigger signals recorded in first £ 5 ns of readout Elastic Right
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Projected Y

—h

Effect of the In-Time Cut

The positions of in-time trigger hits are more
strongly correlated with GEM cluster projections.

In-time Trigger
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What next?

SideAnaly

- Many parts of the analysis software at all

void SideAnalyzer::collectTracksPrecut()
1
dlTrack tempTrack;

levels need work or need to be written S S

- Immediate next steps following this work e ik e 11

tempTrack.position.SetXYZ(lower_hit.X(), lower_hit.Y(), lower_hit.Z());

tempTrack.direction = (upper_hit - lower_hit).Unit();
- Understand timing of GEM clusters e

4 + 1 " + 11
L ! in local coordinate L1

relative tO trigger readout | bl tz:::::i::r:z:iE;?iélg\je;_;‘ltexéi’ 100, lg;ver_r;it.Y() / i0.0, lower_hlt.Z(“) /

(side == LEFT)
handle->Left_GEM[0@]->MasterToLocal(lower_hit_master, lower_hit_local);
if (side RIGHT)

° Bu i I d Out traCk reconst ru Ction ' I hand1eSR1ghtIGEM[] sMas terTollocal (lawar hitimaster i lowerihit locat);

tempTrack.gem_hits_locall[@] = TVector3(lower_hit_local[@] * 1@, lower_hit_localll] * 10

double upper_hit_master[3]{upper_hit.X() / 10.0, upper_hit.Y() / 10.0, upper_hit.Z() /
double upper_hit_local[3]1{0.0, 0.0, 0.0};

.
¢ G Oa I S fo r th I S yea r & (;::ZI;;EZZGEM [1]->MasterToLocal(upper_hit_master, upper_hit_local);

else if (side == RIGHT)
handle->Right_GEM[1]->MasterToLocal(upper_hit_master, upper_hit_local);
tempTrack.gem_hits_localll] = TVector3(upper_hit_local[@] * 10, upper_hit_locall[l] * 10
Dar 1’ 31 enc t ¢

« Understand trigger resolution,

tempTrack.dxdy[0] upper_hit.X() lower_hit.X();
tempTrack.dxdy[1] upper_hit.Y() lower_hit.Y();

efficiency, and noise e L
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Backup



Dataset Information

- 1M events each

« GEMs at 3950V
*Many dead strips in left bottom GEM

Run DE(:] Setup Readout Dipole Beam

3622* 4 Jan 2026 Cosmic L+Trig = =

3932 15 Jan 2026 Cosmic R+Trig = =

4001 21 Jan 2026 e-e- R+Trig 0/95 15 MeV, 5uA, 13us,
1.5%, 1100Hz

4010 h e-e- L+Trig 95/0

4026 h e-e- Full 90/30

4034 B e-e- Full 12.8/90




Local Coordinate System

+z: out of the trigger plane away from magnets
Trigger paddie local coordinate: +y: left along the long side of paddle

+x: Up along the short side of paddle
(0, 0, 0): center of the paddle

-Y = Non-Dispersive Coordinate

X = Dispersive Coordinate
(proportional to paddle number)

D. Reiter



Requirements for a “GEM cluster” or “hit”

1D clusters identified along X and Y axes (see Andy’s report)

2D clusters defined as all possible combinations of X and Y clusters

Locations of physical particle interactions

Recorded 2D positions of GEM clusters

D. Reiter



Trigger Hit Timing

What is a “trigger hit”?
Trigger paddle records two signals left (L) and right (R)
1. Land R pulse times must be coincident within + 6 ns
2. L and R must have pulse widths 20-60 ns

What does “in-time” mean?

Trigger hitis “in time” if L and R are both within + 5 ns of event reference
time



Status of Analysis Software

Trigger Analysis

« Time decoding — done

«  Hit position calculation — done but needs work

« Hit timing calculation — done but needs work

 Noise analysis — work in progress

« Resolution and efficiency analysis — not done

GEM Analysis

«  Cluster identification - done but needs work

« Resolution, efficiency, and noise analysis — work in progress
«  Cluster 2D position disambiguation — not done

«  Cluster timing estimation — not done

Track identification

«  Spatial matching of GEM hits — done

«  Spatial matching of GEM and trigger hits — work in progress
« Temporal matching of GEM and trigger hits — not done
Track selection

« Timing requirements — work in progress

« Angle and trajectory cuts — work in progress

« Addressing track overlap issues — not done



Trigger Hit Multiplicity



Cosmic

Trigger Hit Multiplicity

Run 3622: Cosmic Left Run 3932: Cosmic Right
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Trigger Hit Multiplicity

Run 4010: Elastic Left Run 4001: Elastic Right
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Trigger Hit Multiplicity

Run 4010: Elastic Left Run 4001: Elastic Right
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Trigger Hit Multiplicity

Run 4034: Moller Left Run 4026: Moller Right
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Moller

Trigger Hit Multiplicity

Run 4034: Moller Left Run 4026: Moller Right
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Detector Multiplicity



Cosmic

Detector Hit Multiplicity

Run 3622: Cosmic Left Run 3932: Cosmic Right
1 1
E - —— Trigger (< 150 ns) E ; ———— Trigger (< 150 ns)
= 0.9+ —— Bottom GEM = 0.9 ——— Bottom GEM
> 0 8:— — Top GEM > 0 8:_ — Top GEM
8 O ——— Projected Tracks 8 “OF ——— Projected Tracks
0.7F 0.7-
0.6- 0.65
0.5 0.5
0.4F 0.4F
03 0.3-
0.2- 0.2-
0.1- 0.1
0:|||||“:" | | 0%|||| i |




Cosmic
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Elastic

Detector Hit Multiplicity

Run 4010: Elastic Left Run 4001: Elastic Right
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Moller

Detector Hit Multiplicity

Run 4034: Moller Left Run 4026: Moller Right
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