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Forward Tracking Task Force
https://clasweb.jlab.org/wiki/index.php/Hall-B_Task_Forces_2020
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Forward Tracking Task Force Report
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1. Improve track resolution

2. Improve track efficiency

3. Improve matching of data and simulation

4. Improve speed of reconstruction

5. Validate tracking software and implement 
correction procedures

Assign as: HIGH, MEDIUM, LOW priority
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1. Improve Track Resolution
Drift Chamber Time-to-Distance Calibration:

• Finish updating and validating the DC calibration suite
• Finalize the drift chamber calibration procedure

DC calibration suite:
used for RG-A/B/K calib

Veronique Ziegler
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Time-to-distance functional:

T(x) = a x + b x2 + c x3 + d x4

• Simple calculus: (a,b,c,d) à (V0, Vmid, R, Tmax)
• Physically meaningful parameters
• Published data for V0, Vmid
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DC residuals (mean) per sector per SL

DC residuals (s) per sector per SL

RG-A fall 2018 outbending timelines

100 µm

30 µm

Drift Chamber Time-to-Distance Calibration:
• Study calibration stability and correlations with atmospheric pressure
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1. Improve Track Resolution
Forward Tracker Alignment:

• Devise procedure to align FMT relative to DCs
• Study effects of misalignment on momentum and angle resolution 

Bruno Benkel (Chile), Maxime Defurne (Saclay)
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Work getting underway

DC alignmentFMT alignment

Offsets from CLAS12 zero-field data
Timothy Hayward (W&M)
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1. Improve Track Resolution
Torus Field:

• Decide on “best” torus map and if additional map development is needed
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Joseph Newton (ODU)
Field map used for RG-A cooking: 0.2-0.7% too high
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DC Momentum Resolution
• B-field: model agrees with measurement to ~0.5%
• Alignment: known to ~ 3 × 100 µm
• DOCA resolution on sagitta: ~ 200 µm
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Note: proposals based on 0.3% Dpe/pe

Consistent with width of 
elastic peak at 10.6 GeV
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RG-A Elastic Event Reconstruction
RG-A fall 2018 pass-1 reconstruction 10.6 GeV (inbending polarity)

both e & p in Forward Detector
Francois-Xavier Girod
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1. Improve Track Resolution

Origin of background particles hitting DC R1

CLAS12-Note 2016-006

Note also that an additional 35% R.L. (~20% of luminosity contribution) 
comes from the 60 cm air gap downstream of the scattering chamber

*Also part of High Luminosity Task Force

Beamline and shielding improvements:
• Re-do Monte Carlo studies with different shielding geometries 

(incl. removing air gap)*

TGT air gap

Moller cone

support
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Maurizio Ungaro, Raffaella De Vita
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2. Improve Track Efficiency
Track-Finding Algorithms:

• Study DC segment finding pathologies and “ghost” tracks
• Develop new background rejection algorithms (for DC and FMT)
• Develop DC “4 superlayer” tracking (to improve eff and low momentum acc)
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2. Improve Track Efficiency
Hardware (or Firmware) Improvements:

• Reduce coherent noise in drift chambers

• Study modifications to DC HV system to allow operations at higher 
voltages and currents*

A “precision” plateau curve is needed to optimize the HV settings to 
maximize cell efficiencies in R1, R2, R3 – cannot presently run at higher 
voltages due to current limitations ⇒ finer segmentation, more HVPS

*Also part of High Luminosity Task Force
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2. Improve Track Efficiency
Hardware (or Firmware) Improvements:

• Study implementation of ”time-over-threshold” in DCRBs*

*Also part of High Luminosity Task Force

Measuring Time-over-Threshold in the DCRB

Vo
lta

ge

Time

Discriminator
Threshold

TDC

Time over Threshold

4/22/2020 Mac Mestayer

ToT depends on:
• Track topology 

- local angle, dist from wire
• Gas mixture
• Reduced electric field (E/p)
• dE/dX of particle

Plots from HADES @ GSI
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noise rejection

Mac Mestayer, Ben Raydo
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2. Improve Track Efficiency

Hardware (or Firmware) Improvements:
• Design “add-on” detector to augment DCs and reduce out-of-time backgrounds*
• Investigate new detectors to replace drift chambers*
• Study design, technology, and readout to allow FMT operations at higher luminosities*

*Also part of High Luminosity Task Force

Explore:
• How to operate at 

higher currents & 
rates

• Update readout 
electronics

• Pixel technology?

Explore:
• Thin detector with small “pixel” size to 

reduce background – before R1

Mac Mestayer
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3. Improve Matching of Data and Simulation

• Study momentum and vertex resolution of data and Monte Carlo (DC+FMT)
• Adjust equipment status tables to match simulation and data “occupancies”
• Tune GEMC digitization to match data hit resolution and efficiency (DC+FMT)
• Study luminosity-dependence of tracking efficiency*

*Also part of Background Merging Task Force

Stepan Stepanyan log entry 3654152 – 2/16/19
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4. Improve Speed of Reconstruction
• Develop artificial intelligence methods for tracking*
• Study feasibility and performance of streaming readout*

*Also part of AI and Streaming Readout Task Forces

LDRD - Tracking
Advanced AI/machine 
learning techniques 
under development

Trigger-less DAQ 
development in progress –
tested during radiation 
test using FT for readout
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Gagik Gavalian

Tommaso Chiarusi (INFN)
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5. Validate Tracking Software and Implement 
Correction Procedures

• Implement kinematic fitting for forward tracking*
• Develop a common package for momentum corrections*
• Implement/study energy loss in tracking*
• Review current tracking algorithms and assumptions

Development by Veronique Ziegler, Luca 
Marsicano (Genova), Mylene Caudron (Orsay)

Work on covariance matrix

gp → p’p+p-p0

Mike Williams, CLAS-Note 2003-017

*Also part of Software and 
Momentum Correction Task Forces
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Summary and Conclusions

• The CLAS12 Forward Tracking Task Force was formed to make 
recommendations to improve forward tracking with regard to resolution, 
efficiency, and speed:
• The Task Force has been working to identify the most promising areas to realize 

improvements in these areas for the past 2 months
• A deliverable report to Marco Battaglieri has been drafted and is being finalized to 

provide reasonable estimates of manpower resources and timelines
• The tasks are denoted as HIGH priority (CY2020), MEDIUM priority (1-2 yrs), and 

LOW priority (3-5 yrs)
• We have flagged tasks that could be taken as service work tasks by Collaborators

• Items that have synergies/overlaps with other Task Forces are being noted:

• High Luminosity Task Force
• Artificial Intelligence Task Force
• Software Task Force
• Streaming Readout Task Force
• Momentum Corrections Task Force
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Forward Tracking Task Force
Approach: 

q In each area under our charge (resolution, efficiency, speed), we 
have considered work tasks for the forward tracking system (DC 
+ FMT) in three different time scales:

• Near term work (CY2020)
• Medium term work (1-2 years)
• Long term work (3-5 years)

and for three different priorities:

• HIGH priority
• MEDIUM priority
• LOW priority

q We are still working to:

• Estimate resources: manpower and timelines
• Identify synergies/overlaps with other groups
• Ensure completeness of task list
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Forward Tracking Task Force Report
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DC Alignment
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• = mean of the fit residual distribution reconstructed 
with shifts in x, y, z and rotations around y

• = weights of each region 

• = z-position of downstream target wall 
reconstructed with shifts in x, y, z and rotations around y

• = z position of downstream target wall as given by survey
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Alignment procedure uses zero-field runs with the target window 
location as a constraint 

Minimization criterion:
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DC Alignment

Before Alignment
SL 1 SL 2 SL 3 SL 4 SL 5 SL 6

After Alignment
SL 1 SL 2 SL 3 SL 4 SL 5 SL 6
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