
LAD ERR Charge Response 
 

1. What are the running conditions for the experiment? Please state clearly the target, 
detectors, beamline configurations and operation as well as the integration of the 
LAD detector in Hall C. Has the detectors ownership, maintenance and control 
during beam operations been defined? 

 
Production running: 1 𝜇A 10.9 GeV beam on LH2 and LD2  
Commissioning and calibration: 1.5 PAC days at 6.6 GeV, plus other optics and calibration 
measurements at 10.9 GeV (for details see Run Plan in Appendix). 
 
Standard HMS and SHMS spectrometers to detect electrons with standard single electron 
triggers. Two angular settings for each spectrometer at momentum of 4.4 GeV for physics run. 
Staff Scientist Holly Szumila-Vance will take lead of the spectrometer optics and HMS/SHMS 
detector calibrations with support from collaborators. General Hall C detector expertise is 
supported by Hall C Collaborators and Staff.  

 
The scattering chamber will be in a rotated configuration compared to the current installation 
(Spring 2020). This configuration is coordinated with Dave Meekins of the Target Group and 
Hall C Engineers.  
 
Target: HAPPEX design with 20cm long liquid target cells, slightly modified for extended 
back-angle acceptance. The ladder will also have a Carbon multi-foil and Carbon hole target 
for beam checkout and optics. Liquid target cell modification will be done by the target group.  

 
GEMs will track and measure recoiling protons in conjunction with LAD. These GEMs are the 
same GEMs used in the PRAD experiment in Hall B. GEM experts will include Xinzhan Bai, 
Nilanga Liyanage’s student, who is the expert and constructed these GEMs when they were 
used for the PRAD experiment. He will train Andrew Denniston and Tyler Kutz of MIT to be 
backup operators and experts when commissioning the GEMs. Xinzhan, Andrew, and Tyler 
will maintain control over the detectors and implement the software for reconstructing GEM 
events in the standard HCANA software. The GEMs will be calibrated and thoroughly tested 
over the next year in the test lab. UVa and MIT have budgeted approximately $15k-20k for 
refurbishing the GEM electronics and cabling if necessary.  
 
LAD will detect recoiling protons. LAD experts and owners include Florian Hauenstein (ODU) 
and Tyler Kutz (MIT) with support from Holly Szumila-Vance (JLab). Florian, Tyler, and 
Holly will coordinate the testing and integration of LAD in the Hall and ensure that LAD is 
operational and functioning for the experiment. Additional ownership of LAD is maintained by 
the spokespersons, Larry Weinstein (ODU) and Or Hen (MIT). The plans to install LAD have 
already been established with Hall C engineers and other staff (Brad Sawatzky and Steve 
Wood). LAD will utilize the electronics and cables that are already planned to be use by the 
future NPS experiments.  
 
The beam current will be between 0.2 uA to 1.5 uA for physics running and up to 20 uA for 
calibrations and beam checkout. Raster is not required for currents <2uA on the liquid targets. 
The current BCM and BPMs support this low beam current. A position lock is needed. 

 



2. What is the status/performance requirements of the LAD detector? If not completed, 
what are the completion/commissioning schedules, tasks and user commitment?  

 
The LAD scintillators were refurbished and tested at ODU and are now on frames in the ESB.  
Performance showed 250 ps timing resolution, better than the 400 ns required by the 
experiment.  LAD detector mounts are designed and need to be built. We plan to install an 
optical fiber on each LAD scintillator (as was done for the BAND detector in Hall B) for 
calibration purposes. This will be accomplished under Florian Hauenstein and Tyler Kutz. 
Preparation of the LAD detector for the Hall is anticipated to take approximately 3-4 weeks 
including the construction of the stands. Installation in the Hall will take approximately one 
week so that the SHMS cable tray can be lowered beneath the particle line of sight to the LAD 
detector. This work plan has already been coordinated with Walter Kellner.  
 
The PRAD GEMs are at JLab. Required position resolutions of <100 um have been 
demonstrated. Xinzhan Bai of UVa, who constructed the PRAD GEMs, will lead the testing 
while training Andrew Denniston (student, MIT) and Tyler Kutz (postdoc, MIT) to operate, 
integrate, and analyze physics with the GEMs. The total time required to prepare the GEMs for 
installation in Hall C is approximately one year, and the process will begin in August 2020. 
The stands for the GEMs have already been designed by Hall C engineers and are relatively 
inexpensive (<$3k) to construct.  

 
3. What is the status of the scattering chamber? If not completed, what is the 

completion schedule?  
 

The experiment will use the existing scattering chamber in a rotated configuration such that the 
current SHMS window will point to LAD while the HMS window will point to both HMS, 
beam-exit and SHMS. Designs for our configuration exist (including windows and beam 
entrance and exit ports). The new windows and new beam ports can be made any time. A 
preliminary (for details see Appendix 2) of the chamber and the components exists, developed 
in cooperation with Walther Kellner. Total installation time is about 8-10 weeks including 
target uninstallation and installation.  

 
 

4. What are the expected data rates for the experiments (both physics data rate and 
background rates)?  

 
We assess the signal rate using a theoretical calculation of the tagged-DIS cross section by W. 
Cosyn, propagated through our fast MC described under charge 7. For the purposes of this 
estimate, we define signal as events passing the selection criteria: 

- 𝑄! > 2	𝐺𝑒𝑉!/𝑐! 
- 𝑊" > 2	𝐺𝑒𝑉 
- 𝜃#$ > 110˚ 
- 𝛼$ > 1.15 
- 𝑝$ > 275	𝑀𝑒𝑉/𝑐 
- Passing 2𝜎 cuts on vertex correlation and energy deposition 

 



The accidental background rate is estimated from an inclusive e- cross section calculation by W. 
Cosyn, as well as the backward proton singles rates measured at 90˚ in BigBite during the E01-15 
Experiment. We assume that the rates and spectrum are the same from 90˚-160˚, which is likely a 
significant over-estimate of the accidentals rate we will face.  

Configuration Signal Rate (counts/hr) Accidentals Rate (counts/hr) 
LAD + HMS 13.5˚ setting 578 2,730 
LAD + SHMS 13.5˚ setting 889 3,730 
LAD + HMS 17˚ setting 96.6 899 
LAD + SHMS 17˚ setting 114 811 

 
 
 

5. Are the responsibilities for carrying out each job identified, and are the manpower 
and other resources necessary to complete them on time in place? 

 
As stated in detail in (1) above, experts that will be responsible for each detector subsystem during 
data taking have been identified and confirmed.  
 
Shifts will be covered by the LAD group from the proposal which is large and adequate for running 
this experiment. The proposal included collaborators from 15 different institutions, all indicating 
their willingness to participate in this experiment. The majority of these institutions have 
experience running experiments in Hall C (and Hall A). We will also invite other Hall C personnel 
to join for shifts. 
 
Additionally, the groups of the four non-JLab PIs leading this experiment (from MIT, GW, ODU 
and TAU) is large and includes a total of 6 post docs, 9 graduate students, that will be dedicated to 
help with data taking. The leading postdocs and graduate students for this experiment will be 
stationed on site to complete the necessary experiment preparatory tasks with support from Hall C 
staff and engineers.  
 
 

6. Are the beam commissioning procedures and machine protection systems 
sufficiently defined for this stage?  

 
The beam commissioning procedure will follow standard Hall C procedures as in the 12 GeV 
Commissioning Experiments. The wiki with the procedures is located: 
https://hallcweb.jlab.org/wiki/index.php/Beam_Checkout_Procedures Machine protection will 
be similar to the standard liquid targets in Hall C and is sufficient.  
 
 

7. What is the simulation and data analysis software status for the experiment? Has 
readiness for expedient analysis of the data been demonstrated? What is the 
projected timeline for the first publication?  
 

The experiment will use standard Hall C software for the analysis of the SHMS and HMS data. 
Part of the group has experience with this software. We expect that the integration of the LAD 
detector will be trivial given the similar readout and DAQ as is used for the SHMS/HMS detectors.  



We have prior experience integrating a large scintillator-based detector into the Hall DAQ (e.g., 
BAND in Hall B). As stated in (1), the GEMs will be implemented into the Hall C software 
HCANA by dedicated PostDoc and graduate student. 
 
A fast Monte Carlo, which includes the geometry of the target cell, scattering chamber, GEMs and 
LAD has been developed for rapid evaluation of different detector configurations. The simulation 
includes state-of-the-art theory calculations for both the tagged- and inclusive DIS cross sections, 
the effects of multiple scattering in material, a model for digitization and detector response, and 
proton track reconstruction. An even more detailed Geant4 simulation is being developed as the 
designs for the detectors and support elements are being fixed.  
 
Our group has a history of expedient analysis and publications. We expect a first publication within 
18 months after collecting the data due to the HMS and SHMS spectrometers being in their standard 
configurations in a regime of well-understood optics responses. The use of previously used GEMs 
from PRAD and the experience of constructing a scintillator detector (BAND) in Hall B, all 
contribute to a readiness for the analysis of the physics data.  
 

8. What is the status of the specific documentation and procedures (COO, ESAD, 
RSAD, ERG, OSP’s, operation manuals, etc.) to run the experiments?  
 

Assigned PDL is Holly Szumila-Vance. Documents are initiated on the ERR wiki page: 
https://hallcweb.jlab.org/wiki/index.php/ERR_E12-11-107-LAD_review The COO, ESAD, and 
ERG including the specific details for running this experiment are already posted. A Radiation 
Budget from RadCon has been obtained for the physics running of this experiment showing about 
1% of the designed radiation level (very low). The full RSAD will be coordinated with RadCon 
prior to the experimental running. LAD has its relevant THA, OSP, and operations manual 
initiated and posted. The laser calibration system for LAD has an LOSP (already initiated). The 
GEMs have a THA initiated (no OSP necessary for PRAD). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 1: Run Plan 

 
 
 

Condition Scheduled work 
(Activities) 

Total Time 
(PAC time) 

Beam 
condition 

Beam 
setup 

- Sending beam to the Hall 
- Detector checkout: scintillator, GEMs, 

spectrometers 
2 shifts 6.6 GeV, 

1uA 

Low energy 
calibration 

- Target LH2, elastic run for momentum 
calibration and inclusive cross-section 

- SHMS at 17o and 5.048 GeV 
- HMS at 21.73o and 4.4 GeV 
- Delta-scan for momentum calibration  

2 shifts 6.6 GeV, 
10uA 

3 pass -> 5 
pass 

+ Beam checkout 1 shift  

Multi-foil 
target run 

- HMS at 13.5o and 4.4 GeV, SHMS at 4.4 GeV 
- GEM alignment 
- Install sieve for optic calibration (GEM off) 

 
3 shifts 
3 shifts 

10.9 GeV 
1 uA 

10 uA 

Luminosity 
scan 

- LD2 target, S/B and efficiency check with 
various currents 1 shift 0.5, 0.7, 

1.2, 1.5 uA 

BCM 
calibration 

- 3 times during run (needs other halls off) 1 shift 0.2 – 2 uA 

Physics run 
setting 1 

- Target LD2 
- HMS at 13.5o and 4.4 GeV 
- SHMS at 17o and 4.4 GeV 
- Dummy runs 

13 days 
 
 

~ 5% time 

1 uA 

Physics run 
setting 2 

- Target LD2 
- HMS at 17o and 4.4 GeV 
- SHMS at 17o and 4.4 GeV 
- Dummy runs 

8 days 
 
 

~ 5% time 

1 uA 

Physics run 
setting 3 

- Target LD2 
- HMS at 17o and 4.4 GeV 
- SHMS at 13.5o and 4.4 GeV 
- Dummy runs 

13 days 
 
 

~ 5% time 

1 uA 

TOTAL 
- Commission and calibration 
- Physics runs 

6 days 
34 days  



 
 

Appendix 2: Installation plan 

 System Work/Activities Time Requirement 

(1) Pre-
Installation 

- Make scattering chamber windows 
- Produce Beam-In port 
- Produce Beam-out port 
- Construct LAD and GEM stands 

1-2 month 
(anytime 

before  
installation) 

 

(2) Target - Target deinstallation 3 weeks 
 

(3) Scattering 
chamber 

- Removal of connection and rotation  
- Installation of windows 
- Leak check 

2-3 weeks 
 

Target 
removed (2) 

and (1) 

(4) Target - Target installation 
- Target survey and alignment 

3 weeks (3) 

(5) SHMS - Modification of cable tray 1-2 weeks SHMS@17º 

(6) LAD - Transport to hall 
- Preassembly on stands 

3-4 days stands ready 
(1) 

(7) GEM - Transport to hall 
- Preassembly on stands 

3-4 days stands ready 
(1) 

(8) LAD - Crane to final position 
- Cabling 

1 week (5) 

(9) GEM - Temporary installation and cabling 
to test with LAD in the hall 

4-5 days (5) and (8) 

(10) GEM - Crane to final position 
- Cabling 

2-3 days (4)  



 
 

Start  
of run

Pre-Installation 
(months before experiment) Installation ~ 8-10 weeks 

Target Scattering chamber LAD GEM SHMS cable tray

form windows 
make beam ports

tests in ESB/EEL 
build stands

tests in ESB/EEL 
build stands

Target removal (~3w)

Chamber rotation, window 
and port installation (2-3w)

Cable tray 
modification 

1-2 weeks 

Target installation  
and survey (~3w)

Final installation 
cabling (2d)

SHMS 
@17º

Transport to hall, 
preassembly

Transport to hall, 
preassembly

Final installation, 
 cabling (1w)

Temporary installation 
cabling (1w)

Detector checkout 
Laser and Cosmics

Detector checkout 
with Cosmics

Detector 
Survey


