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GMn experiments time line
1959 paper by L. Durand, Phys. Rev. 115 1020 (1959).
1960th-1970th DESY 
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GMn physics time line
1959 paper by L. Durand, Phys. Rev. 115 1020 (1959).
1972 DESY, PL 39B. Q2 = 1.5 GeV2; dGMn/GMn ~ 5%
1994 CLAS6 W. Brooks; Q2 up to 4.8 GeV2; CMU analysis
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GMn project development
1959 paper by L. Durand, Phys. Rev. 115 1020 (1959).
1972 DESY, PL 39B. Q2 = 1.5 GeV2; dGMn/GMn ~ 5%
1994 CLAS6 W.Brooks; Q2 up to 4.8 GeV2; CMU analysis
2002 High luminosity D(e,e’N) for neutron Rosenbluth
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GMn project development
1959 paper by L. Durand, Phys. Rev. 115 1020 (1959).
1972 DESY, PL 39B. Q2 = 1.5 GeV2; dGMn/GMn ~ 5%
1994 CLAS6 W.Brooks; Q2 up to 4.8 GeV2; CMU analysis
2002 High luminosity D(e,e’N) for neutron Rosenbluth
2006 GEn (He-3) experiment with BigBite and BigHAND
2007 GEP with SBS approved, magnet found at BNL
2007 SBS project: INFN funded GEM
2007 GMn proposal to PAC33; Q2 = 8 GeV2; reuse GEn-I detectors

BigBite
electron spectrometer

BigHAND
nucleon detector

CC

17m TOF
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GMn physics time line
1959 paper by L. Durand, Phys. Rev. 115 1020 (1959).
1972 DESY, PL 39B. Q2 = 1.5 GeV2; dGMn/GMn ~ 5%
1994 CLAS6 W.Brooks; Q2 up to 4.8 GeV2; CMU analysis
2002 High luminosity D(e,e’N) for neutron Rosenbluth
2006 GEn (He-3) experiment with BigBite and BigHAND
2007 GEP with SBS approved, magnet from BNL
2007 GMn proposal to PAC33; Q2 = 8 GeV2; reuse GEn-I
2009 GMn E12-09-19 approved to 13.5 GeV2
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GMn project development
2009 GMn E12-09-19 approved to 13.5 GeV2
2007 INFN started GEM development
2008 UVa started GEM development
2009 SBS CDR project: SBS proposal to DOE; Letters 

Areas of particular concern are the detector occupancy at the highest luminosity and the 
resulting track finding efficiency, the large number of different detector technologies, and 
the development of the on-board electronics. What also seems to be lacking is a clear 
agreement between the SBS collaboration and the JLab management on the JLab internal 
resources (e.g. Hall A physics and technical staff, Fast Electronics Group, Data Acquisition 
Group) that the Collaboration can count on. While such support can be relied on under 
normal circumstances it will be difficult to get as JLab’s resources need to concentrate on 
the official 12 GeV Upgrade projects. 
 
Also, the project is presently driven by the requirements of the GEP5 experiment which 
requires the most extensive tracking instrumentation at the highest luminosity. (This is not 
surprising since, at the time of the review, this was the only experiment approved by the 
PAC.) While the GEP5 requirements are excellent for setting the ultimate luminosity goals, 
an approach that may offer a higher probability of success would be to start at lower 
luminosity with fewer tracking stations and a smaller number of delicate detector 
technologies (e.g. review the need for the scintillating fiber tracker). Based on the initial 
operating experience, the problems of running an experiment at the highest luminosity 
could then be tackled. 
 
Recommendations 
 The SBS Collaboration should start a discussion with JLab management to clarify 

what internal JLab resources the Collaboration can count on.  
 
 The SBS Collaboration should come up with a plan for the development (in time) of 

the SBS project that is consistent with the resources of the Collaboration and the 
JLab support. The plan should optimize the chance for a successful completion of 
the project within the available resources while maintaining high physics output.   

 
 

 

8 Summary 

 

The Super BigBite project in Hall A has been reviewed. The committee is impressed by the 
broad scope of the physics program and the anticipated performance of the spectrometer.  
 
The SBS project is aiming at the Holy Grail in electron scattering instrumentation: the 
combination of large solid angle coverage at forward angles and the highest luminosity 
achievable with the upgraded 12 GeV CEBAF. The SBS consists of a transverse field 
dipole magnet equipped with high-rate GEM tracking detectors. Additional detectors, like 
calorimeters and Cerenkov counters will be used for triggering and particle identification 
 
The committee finds that the experimental design has a very high probability of meeting 
the experimental requirements. The high rate and high resolution capability of the GEM 
detectors make them the ideal solution for this application. The present uncertainty in what 
ultimate luminosity can be achieved will be reduced by checking the sensitivity of the 

Technical Review of the Hall A SBS Project 

 
January 28, 2009 

 

 

1 Introduction 

 

A technical review of the Super Bigbite Spectrometer (SBS) for Jefferson Lab Hall 
A was held on Monday, November 17, 2008. The spectrometer is designed to 
provide the Hall A community with a large solid-angle capability at very high 
luminosity for the 12 GeV Upgrade.    

 
The members of the review committee were: 
 

Paul Brindza 
Eugene Chudakov 
Dave Doughty 
Howard Fenker 
Bernhard Mecking (chair) 
 

The committee reviewed the written material prior to the meeting and heard 
discussions of the physics program and the technical features of the Super Bigbite 
Spectrometer. Based on the presentations and the discussions the committee asked 
for additional information which was received on December 15, 2008; this 
information is included in the latest CDR version of January 15, 2009.  
 
 

2 The SBS Project 

 
The physics program requiring the SBS equipment covers a wide variety of 
phenomena ranging from the study of semi-inclusive deep inelastic scattering off a 
polarized 3He target (at a typical luminosity of 1036cm-2s-1, limited by the target 
performance) to the measurement of the nucleon elastic form factors at high 
momentum transfer luminosity 1039cm-2s-1). Correspondingly, the experimental 
conditions (e.g. arrangement of the magnetic field and detectors, luminosity, 
detector occupancy, particle identification requirements, trigger conditions) will 
vary considerably from experiment to experiment.  
 
The common feature of the proposed experiments is a transverse field dipole 
magnet (recycled from BNL) and high-rate tracking detectors based on GEM (Gas 
Electron Multiplier) technology. The dipole magnet can be located close to the 
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GMn project development
2009 GMn E12-09-19 approved to 13.5 GeV2
2007 INFN started GEM development
2008 UVa started GEM development
2009 SBS CDR project: SBS proposal to DOE; Letters

ISTITUTO NAZIONALE FISICA 
NUCLEARE - SEZIONE DI ROMA 
GRUPPO COLLEGATO SANITÀ

Viale Regina Elena 299
00161 Roma
Tel. 06-49901 (centr.)
Fax 06-4938 7075

Rome, 24 December 2008

TO WHOM IT MAY CONCERN ,

   

This  letter  is  to  confirm  the  participation  of  my  research  group  in  the 

instrumentation of  Super-Bigbite spectrometer in experimental Hall A at Jefferson 

Lab.  The proposed  spectrometer will make possible many exciting experiments, 

including  the  study of ground state structure of the proton and the neutron with 

unprecedented precision by measuring  their form factors up to high momentum 

transfer. An international collaboration has been formed to instrument the Super-

BigBite spectrometer for these experiments. This collaboration includes physicists 

from 20 institutions in the U.S, Canada, UK, Italy, Ukraine, France and Russia. 

The INFN-Rome group is responsible for the design and construction of the front 

tracker of the spectrometer and the development of the readout electronics of the 

front and second trackers. The estimated cost of the project is 720 kEuro; INFN 

has already funded the first 2 years of prototyping for a total amount of 230 kEuro 

and it is expected to fund the entire tracker in the next 4 years, if the prototyping 

results will be successful. 

Our collaborators from the University of Virginia, the College of William and Mary, 

Norfolk  State  University  and  Jefferson  Lab  are  responsible  for  the  design  and 

construction of the proton polarimeter for Super-Bigbite spectrometer. They intend 

to secure funding for this project from a National Science Foundation MRI grant. 

The success of this MRI proposal and the participation of the UVa group in the MRI 

proposal  are  crucial  to  the  large  collaborative  effort  to  instrument  the  Super-

Bigbite spectrometer to perform ground-breaking experiments at Jefferson lab. 

Yours sincerely

Evaristo Cisbani

Staff Physicist, Istituto Superiore di Sanità

Co-spokesperson of the INFN program at JLab-HallA
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GMn project development
2009 GMn E12-09-19 approved to 13.5 GeV2
2007 INFN started GEM development
2008 UVa started GEM development
2009 SBS CDR project: SBS proposal to DOE; Letters 
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GMn project development
2009 GMn E12-09-19 approved to 13.5 GeV2
2007 INFN started GEM development
2008 UVa started GEM development
2009 SBS CDR project: SBS proposal to DOE; Letters 
2010 HCAL G.Franklin/CMU; E.Bellini/CataniaU (GEn-RP)

Fast WLS

PMT

Novel adiabatic lightguide

COMPASS
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GMn project development
2009 GMn E12-09-19 approved to 13.5 GeV2
2007 INFN started GEM development
2008 UVa started GEM development
2009 SBS CDR project: SBS proposal to DOE; Letters 
2010 HCAL G.Franklin/CMU; E.Bellini/CataniaU (GEn-RP) 
2012 DOE approved funds for SBS+GEM+CDET
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SBS project 3/30/2015 
/2011 
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2.  Program Organization
 

 
The SBS Program will be executed as a joint collaboration between Jefferson Lab, the 
University of Virginia, Rutgers University, and The College of William and Mary.  Jefferson Lab 
will establish contractual agreements between itself and each University.  A clear definition of 
the roles and responsibilities that individuals and their organizations play will be critical to the 
success of the overall SBS Program and its three sub- projects.  Jefferson Lab will take the 
lead integrating the various equipment items together to assemble the SBS apparatus. The 
Universities are responsible for producing the deliverables identified later. We show below the 
SBS Organization Chart. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DOE 

Jefferson Lab 

SBS Organization 

DOE Office of Nuclear Physics 

Director 
H. Montgomery 
Deputy Director 

Science & Technology 
R. McKeown 

External Review Panel Associate Director  
Experimental Physics 

R. Ent 

Hall A Leader 
C. Keppel  

Internal review Panel 
Appointed as needed 

Program Manager 
M. Jones 

Program Scientists 
B. Wojtsekhowski 

(Principal) 
G. Cates 

K. de Jager 

Internal reviews 
As needed 

Magnet/Infrastructure 
Assembly 

R. Wines (JLab ) 
WBS 1, 2, & 3 

GEM Detectors & 
Electronics 

N. Liyanage (UVa) 
WBS 3 

Coordinate Detector 
M. Khandaker  (Idaho 

St. Univ.) 
             WBS 2 

Trigger System 
R. Gilman (Rutgers) 

WBS 3 
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SBS Monthly Report – May 15, 2013 Page 2 
 
 

Introduction: 
 The SBS Program consists of three separate, but interrelated Projects. 

   The first Project, SBS Basic (WBS 1), involves the acquisition of an existing magnet and the 
associated work of preparing it for use during the SBS research program. The effort includes 
modifications to the magnet, including machining a slot in the yoke for beam passage, field 
clamps, and a solenoid to reduce the transverse magnetic field on the beam line, the design 
and development of the infrastructure needed to run the magnet, and the construction of the 
platform on which it will stand. 

 

   The second Project, Neutron Form Factor (WBS 2), involves the construction of 
twenty-nine GEM detector modules with associated front-end and DAQ modules to meet the 
requirements of the approved neutron form factor measurements. 

 

   The third and final Project, Proton Form Factor (WBS 3), involves the construction of thirty-
five GEM detector modules with associated front-end and DAQ modules and the addition of 
pole shims for increased magnetic field integral to meet the requirements of the approved 
proton form factor measurements. 

Project Management Highlights: 
This is the eighth Monthly Progress Report for the SBS Program.  The collaboration is in place, and the 
Program Management Plan has been approved by Jefferson Lab management and by the DOE-NP 
Instrumentation Program Manager.  
 
The first and second Projects within the SBS Program, SBS Basic (WBS 1) and Neutron Form Factor 
(WBS 2), started at the beginning of FY13.   
 
The third Project, Proton Form Factor (WBS 3), isn’t scheduled to start until FY14.     
 

 
  

 
 

SBS Monthly Report – May 15, 2013 Page 3 
 
 

WBS 1: SBS Basic 

 
 
 
 
 
WBS 1 

 
 
 
 
 
SBS Basic: (Hall A Infrastructure) 

WBS 1.01   Milestones 

WBS 1.02   Project Oversight 

WBS 1.1   Magnet, power and construction 

WBS 1.2   Magnet/detector platforms 

WBS 1.3   Beam line 
 

WBS 1.01 Milestones: 

Id # Level Milestone Scheduled Date 
Expected Date 

4/1/2013 
Expected Date 

5/1/2013 
Actual Date 

1.1-01M 1 Project start 10/1/2012 10/1/2012 10/1/2012 10/1/2012 

1.2-01M 2 Magnet delivered to JLab 4/30/2013 4/30/2013 5/30/2013  

1.2-10M 2 Platform parts received 6/27/2014 6/27/2014 6/27/2014  

1.2-20M 2 Magnet assembled on platform 3/19/2015 3/19/2015 3/19/2015  

1.2-30M 2 Beam-line parts received 9/24/2015 9/24/2015 9/24/2015  

1.1-10M 1 Project completion 1/29/2016 1/29/2016 1/29/2016  

 

WBS 1.02 Project Oversight: 
x SBS weekly meetings are being held via tele and video conference almost every Wednesday.  

During this Report period, meetings were held on Apr 3rd, Apr 10th, Apr 17th and Apr 24th.  
Participants included Jefferson Lab, University of Virginia, St. Mary’s University, William and 
Mary, University of Massachusetts, Carnegie-Mellon University, University of Glasgow, Norfolk 
State University, Idaho State University, and INFN – Rome.  

x Project is staffed appropriately for this beginning stage, and includes a Jefferson Lab manager, 
scientist, and magnet engineer.  

WBS structure
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SBS magnet and beam line

Shield saturation by long. field

Lambertson



Hall-A       2/11/22 GMn experiment     B. Wojtsekhowski, JLabslide 15

SBS GEM at INFN

MPD GEM 
Readout (VME 
mode) - JLab 

DAQ 

GEM Front Tracker / Cosmic Setup 
12 simultaneous GEM modules 
 
More than 27000 readout channels ! 

Nov/18 Æ  

05/Aug/2019 BB Tracker - E. Cisbani 3 

Cosmic tests running and under analysis since 
Sept/2018; final setup in place Nov/2018 
Running periods: Sep/18, Nov/18, Apr/19, Jun/19 
Rest of the time in standby (HV and gas OFF) 

4(6) three-module chambers (40 cm x 150 cm)



• 48 modules built and tested

⇨ 45 modules are fully operational, with 2 of them having one

disabled sector but 97% operational

⇨ 3 modules have issues and are under investigation

⇨ Parts for 2 more modules to be constructed soon

• 29 modules already moved to JLab

⇨ 24 in GEM clean storage room, 5 on test beam stand

⇨ 12 more to be shipped next week (week Monday 26th)

⇨ Space in GEM “Clean” room is becoming critical

⇨ All 41 modules tested again before shipping to JLab

!"#$%&'$$($)*#+

16 UVa modules

!"#$%&'$($)*#+

8 UVa modules

SBS GEM at UVa
40 four-module chambers (60 cm x 200 cm)
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SBS U/V GEM at UVa
Status of U/V-strip GEM chambers: assembly SBS-UV-01 and SBS-UV-02 

SBS-UV-01 in UVa detector testing lab 

SBS-UV-01: Assembly in clean room part completed, chamber out of clean room D Next steps: 

▪ HV test of all 180 individuals sectors in N2

▪ Mount the HV divider board and perform full HV test of the chamber

▪ Move the chamber to EEL124 Clean room at JLab for tests on cosmic stand

SBS-UV-02: Assembly in clean room almost completed, 3 GEMs glued to the R/O board DNext steps: 

▪ cathode and entrance window foil remained to be glued to the chamber

▪ Complete the assembly with the gas distribution parts mounted

▪ Take the chamber out and apply the same steps as for SBS-UV-01 to complete assembly

▪ Two chambers likely to be brought together at JLab to EEL124 Clean room for cosmic test. 

✓ Target time for cosmic tests at JLab early February 2021

✓ Would be ready for installation in BB frame early March 2021

SBS-UV-02 in clean room

Drift cathode foil on stretcher 

Assembly stand: R/O 
with 3 GEM foils glued

Funded by the collaboration
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GMn form factor at high Q2
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GMn project development
1959 paper by L. Durand, Phys. Rev. 115 1020 (1959).
1972 DESY, PL 39B. Q2 = 1.5 GeV2; dGMn/GMn ~ 5%
1994 CLAS6 W.Brooks; Q2 up to 4.8 GeV2; CMU analysis
2002 High luminosity D(e,e’N) for neutron Rosenbluth
2007 GEP with SBS approved, magnet from BNL
2007 GMn proposal to PAC33; Q2 = 8 GeV2; reuse GEn-I
2009 GMn E12-09-19 approved to 13.5 GeV2
2007 INFN started GEM development
2008 UVa started GEM development
2009 SBS CDR project: SBS proposal to DOE; Letters 
2010 HCAL G.Franklin/CMU; E.Bellini/CataniaU (GEn-RP) 
2012 DOE fund SBS+GEM+CDET
2019 BigBite calorimeter; Timing Hodoscope (Cal State LA, Glasgow)
2020 College W&M joined INFN GEM preparation
2021 October start of GMn commissioning
2022 February 8 GMn data taking were completed



System experts 
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• Design – Robin’s team
• Hall A – Jessie’s team, HRS-L (Bob+Maria)
• Magnets – Jessie’s team + Jack’s team
• Beam line – Jessie’s team + D. Flay
• Target – Dave+
• DAQ - Alex+; Mark+; CPU - Ole/Bob
• GEM – INFN, UVa, HU, JLab, W&M
• HCAL – CMU, Scott, Sebastian
• BBcal – Arun, Provakar
• Timing Hodo – Glasgow + JLab
• GRINCH – W&M 
• DATA analysis – Andrew+



Run coordination 
• SBS webpage, Albert/St.MU/Temple/Brad
• Lead coordinator – Donald Jones

– David Flay
– Paul King
– William Henry
– Eric Fuchey
– Mark-Macrae Dalton
– Andrew Puckett
– Brad Sawatzky
– Xinzhan Bai
– Eric King
– Brian Quinn
– Bogdan Wojtsekhowski
– Caryn Palatchi
– Kondo Gnanvo
– Arun Tadepalli
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Data taking shift crew
• The College of William and Mary;  Kate Evans – 60 

shifts; Maria Satnik - 43.5
• University of Virginia, Charlottesville, VA
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Ph.D. students
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University Student Advisor years in Experiment Instrument/subject Graduation Physics

W&M Maria Satnik Todd Averett GMn HRS-L, GRINCH GMn/GMp, 3 and 10 GeV2
Ezekiel Wertz D. Armstrong GMn INFN GEMs GMn/GMp, 10 and 13 GeV2
Jack Jackson Todd Averett GEn-He-3 He-3 target GEn/GMn, 4 and 7 GeV2

UConn. S. Seeds Andrew Puckett GMn, nTPE HCAL, DAQ 2023-2024 GMn/GMp,  nTPE 
P. Datta Andrew Puckett GMn, high Q2 BBcal, DAQ 2023-2024 GMn/GMp,  10 and 13 GeV2

Glasgow Ralph Marinaro D. Hamilton GMn Timing Hodoscope, analysis GMn/GMp, all Q2
Gary Penman R. Montgomery 2021-2024 GEn-He-3 DAQ, analysis 2024 GEn/GMn, 7 and 10 GeV2
 soon R. Montgomery PionALL DAQ, analysis ALL for GPD

Hampton U. N. Lashley-Colthirst Liguang Tang GMn Beam line, SBS-beam 2022 GMn/GMp, all Q2
M. Suresh Michael Kohl GEn-RP SBS polarimeter GEn/GMn, all Q2
Sarashowati Dhital Michael Kohl GEn-RP RP polarimeter GEn/GMn, all Q2

UVa John Boyd N. Liyanage nTPE SBS polarimeter 2023 Neutron Rosenbluth, 4.5 GeV2
Sean Jaffas N. Liyanage GEn-He-3 UV GEMs, DAQ 2024 D(e,e'p)/H(e,e'p), all Q2
Anu Rathnayake N. Liyanage GMn XY GEMs, DAQ 2023 GMn/GMp, all Q2
Vimukthi Gamage N. Liyanage GEp-5 or GEn-RP XY GEMs, DAQ 2023 GMn/GMp, all Q2
Bhasitha DharmasenaN. Liyanage GEp-5 or GEn-RP XY GEMs, DAQ 2023 GMn/GMp, all Q2

UVa Hunter Presley Gordon Cates GEn-He-3 He-3 target 2024 GEn/GMn, 2 and 10 GeV2
UVa Chris Jantzi Gordon Cates A1n Hall C He-3 target development 2022 A1n

Catania Vanessa Brio Vincenzo Bellini 2018-2021 HCAL Design, MC, data analysis 2021 detector, HCAL
Leonard Re Evaristo Cisbani 2017-2020 INFN GEM Construction, commisioning 2020 detector, GEMs



GMn production data 
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Name Energy Program     BB angle  BB distance    SBS angle SBS distance  HCAL angle HCAL distan. SBS current
Q2, GeV2 % 2100 amp

SBS-1 1.92 Comm. 1 51.0 1.85 33.5 2.25 34.5 13.5      many
SBS-4 3.70 GMn 3.0 36.0 1.80 31.9 2.25 31.9 11 40%
SBS-7 8.00 GMn 10 40.0 1.85 16.1 2.25 16.1 14 80%
SBS-11 9.91 GMn 13.4 42.0 1.55 13.3 2.25 13.3 14.5 100%

SBS-14 6.00 GMn 7.5 46.5 1.85 17.3 2.25 17.3 14 75%
SBS-8 6.00 nTPE 4.5 26.5 2.00 29.9 2.25 29.9 10
SBS-9 4.03 GMn 4.5 49.0 1.55 22.5 2.25 22.5 10 60%
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Factor 10 improvement of accuracy!

F1d/F1u form-factor ratio
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Form Factors are forever

Experiments are diamonds  


