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1. Introduction
Background Information and Program Description
This Super Bigbite Spectrometer (SBS) Program Management Plan describes the strategy
Jefferson Lab and its collaborative partners will use to produce key components of the research
equipment required to conduct a series of elastic nucleon electromagnetic form factor
measurements.
Each of the measurements will use the electron beam from the upgraded 12 GeV CEBAF
accelerator. The three experiments include:


𝑛
A measurement of 𝐺𝐸𝑛 /𝐺𝑀
to Q2 = 10 GeV2 using the double polarization beam-target
technique (E12-09-016).



A measurement of of 𝐺𝐸 /𝐺𝑀 to Q2 = 12 GeV2 using the double polarization beam-recoilpolarimeter technique (E12-07-109)



𝑛
A measurement of 𝐺𝐸𝑛 /𝐺𝑀
to Q2 = 13.5 GeV2 by determining the cross-section ratio for the
two reactions d(e,e’n) and d(e,e’p) (E12-07-109)

𝑝

𝑝

𝑝

These experiments along with precise data from the 𝐺𝑀 experiment (E12-07-108) will
determine all four elastic electromagnetic nucleon form factors, as well as making possible a
flavor separation. Because all the elastic form factors drop off so quickly at high values of Q 2,
the three experiments all depend critically on both high luminosity as well as relatively large
acceptance.
The three measurements each require a somewhat different experimental set-up. They are
designed so that they can be accomplished using largely common components that can be
rearranged into the required configurations. Collectively, this set of components is called the
“Super Bigbite Spectrometer”. The research program will also take advantage of the equipment
associated with the existing BigBite spectrometer that resides in Jefferson Lab’s experimental
Hall A, and some hardware under construction for other approved experiments.
The SBS focuses on large-acceptance detection, makes use of an existing magnet, and will
utilize a detector package with Gas Electron Multiplier (GEM) tracking detectors. GEM
technology has advanced significantly in recent years. A collaboration with INFN-Rome has
already begun development of the front-end GEM’s and data-acquisition electronics such that
the final design is essentially in-hand.
A separate Research Management Plan document has been developed to describe the plans of
a group of institutions for the management of the SBS research pursuits. These research
efforts include simulations of detector performance, development and execution of calibration
procedures for the detectors, commissioning and operations of the instrumentation,
development of analysis software, and physics analysis.

Program Approach
The SBS Program will consist of three separate, but interrelated Projects.
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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 a Photomultiplier based scintillator array coordinate detector to meet the requirements of the
approved neutron form factor measurements, the addition of pole shims for better
collimation in the Neutron Form Factor experiment and increased magnetic field integral,
and the addition of an exit field clamp to reduce possible beam steering by the magnet
The third and final Project, Proton Form Factor (WBS 3), involves the construction of
forty GEM detector modules with associated front-end and DAQ modules to meet the
requirements of the approved proton form factor measurements.

The three Projects that comprise the SBS Program include construction and commissioning of
the individual hardware systems. Installation in the Hall, as with essentially all other
experiments, will follow the as yet undetermined beam schedule and will use Hall A Operations
funding.
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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.

SBS Organization
DOE Office of Nuclear Physics

DOE

Director
H. Montgomery
Deputy Director
Science & Technology
R. McKeown

Jefferson Lab

External Review Panel

Associate Director
Experimental Physics
R. Ent
Hall A Leader
C. Keppel

Program Manager
M. Jones

Magnet/Infrastructure
Assembly
R. Wines (JLab )
WBS 1, 2, & 3

Internal review Panel
Appointed as needed
Program Scientists
B. Wojtsekhowski
(Principal)
G. Cates
K. de Jager

Internal reviews
As needed

Trigger System
R. Gilman (Rutgers)
WBS 3

GEM Detectors &
Electronics
N. Liyanage (UVa)
WBS 3
Coordinate Detector
M. Khandaker (Idaho
St. Univ.)
WBS 2
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Program Management Team:
The Program Management Team (PMT) will monitor overall developments within the program
and provide advice as needed. Membership of the PMT will consist of the JLab Associate
Director of Experimental Physics, the Program Manager, the Program Scientists, and
representatives of participating University groups. Outside the formal strictures of the
organization chart above, the PMT will manage the change control process, monitor overall
progress, recommend new people to fill vacated positions, and meet on a regular basis to
discuss issues and progress.
Director and Deputy Director: (Hugh Montgomery and Robert McKeown, respectively – JLab)
Primary interface with DOE Office of Nuclear Physics.
Provide overall guidance.
Appoint, with input from the PMT, new people to fill vacated positions in the formal
structure.
Associate Director, Experimental Physics: (Rolf Ent – JLab)
Gives final approval for initiation of any project in any given year.
Reports status and progress (milestones achieved and problems encountered) to the
Director and Deputy Director.
Convenes external review panels in consultation with the Program Manager and
Program Scientists as needed.
 Receives and evaluates documented findings of convened external reviews.
Hall A Leader: (Cynthia Keppel – JLab)
Coordinates with the Program Manager the allocation of resources in Hall A to ensure
that these projects are completed in a timely fashion and at the same time do not
interfere with other developments and the beam schedule in the Hall.
Appoints, in close collaboration with the Program Scientists, internal review panels as
needed and helps to implement the guidance provided by such reviews.
Reports to the Associate Director of the Physics Division re developments and year to
year budgetary needs of each of the projects within the program.
Negotiates with higher management regarding the development of an overall Hall A
schedule that includes these projects.
Program Manager: (Mark Jones – JLab)
Is the central coordinator of all activities. His responsibilities include:
Oversight of each of the three projects. He will monitor progress on each subsystem
relevant to each project and ensure that all milestones are met:
o Convenes meetings
o Reports progress
o Documents progress
Sees that money spent on each project is appropriate for that project. (i.e. approves
expenditures).
Manages contracts with Universities for sub-systems.
Reports to the Hall A Leader, both routine and extraordinary developments.
Serves as chairman of the Change Control Board.
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Program Scientists: (Bogdan Wojtsekhowski (principal) – JLab, Gordon Cates – UVa, and
Kees de Jager – UVa)
As the intellectual leaders of the program, they are responsible for defining the detailed
technical specifications of each of the three projects.
Work with the Program Manager to ensure all projects meet the necessary technical
standards.
Initiate, in close collaboration with the Program Manager, informal meetings
and discussions to facilitate communication among the members of the program.
Initiate, in close collaboration with the Hall Leader, internal project and subsystem
reviews and the change control process.
Provide the Program Manager with timely, expert advice on technological issues.
Subsystem managers: Have technical responsibility for each of the four technical subgroups.
The subgroups are:





Magnet/Infrastructure and installation (Robin Wines - JLab)
GEM detectors & Electronics (Nilanga Liyanage – UVa)
Trigger system (Ron Gilman - Rutgers)
Coordinate Detector (Mahbub Khandaker - Idaho State University)

Each subsystem manager is responsible for:
 Overseeing the day-to-day work on his or her subsystem.
 Reporting developments to the Program Manager and Program Scientists.
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3. Program Assumptions, Constraints and Dependencies
Assumptions
Program assumes that funding will be made available from the JLab Capital Equipment
annual base budget consistent with the profiles included in Sections 9e, 10e, and 11e. The
SBS Basic Project and the Neutron Form Factor Project will start in FY13, and the Proton
Form Factor Project will start in FY14.

Constraints
Completion of any of the three projects is independent of other developments at JLab. Each
project will be considered completed when the described equipment is in hand and
demonstrably meets the Key Performance Parameters described herein. They each stand
alone as accrued equipment that will be used when the accelerator and lab management
decide it is appropriate.

Dependencies
The anticipated experiments in the SBS Research Program will require the development of
various components outside the equipment in the SBS Program described in this Program
Management Plan. Where applicable, the university efforts/funding are described in the SBS
Research Management Plan. The external equipment includes:
 Cryo-target: Existing, standard - will require some cell modification and a vacuum
snout. Routine tasks for operations. ( for GMN, GEP)
 Front Tracker: funded by an INFN existing grant (for GMN, GEN,GEP)
 BigBite Gas Cherenkov: Being constructed by the collaboration, through grants to
W&M/NCAT/GU. (for GMN,GEN)
 Polarized 3He target target: Existing, standard, with critical upgrades to be developed
via an ongoing grant to UVa. Final implementation is done through operation funds.
(for GEN)
 Fastbus DAQ system: Uses 18 existing crates and 200 modules. Functionality tests
and repair of components (e.g. controllers) are expected. (for GMN,GEN,GEP)
 ECAL: Existing calorimeter, which needs refurbishing. Developing and implementing
a technique for annealing while running. ( for GEp)
 HCAL: Physics Division capital equipment funding for everything except the
wavelength shifter and light guides which will be funded by an existing INFN grant.
CMU existing grant will be used for manpower. (for GMN, GEN, GEP)
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4. Program Risk Management
The project risk will be managed by the Program Manager according to the plan described
below. Levels of risk are identified for each WBS element by the Program Manager in concert
with the relevant subsystem managers.
Cost contingency is evaluated based on Risk Factors and Weighting Factors as described in
Section 5.
Two technical risks were identified early in the development of this Program which could have
significant consequences, and appropriate mitigations have been incorporated into the baseline
plan:
 Failure of the GEM’s: The technology is well established and manufacturing failure
rates are predictable. Losses can be experienced during production of GEM foils,
module fabrication, testing, and commissioning. The baseline plan of the SBS Program
includes parts and labor sufficient to complete 76 modules which represents a 30%
margin for GEM foils (192 final units) and a 20% margin in module production (64 final
units) to account for such losses and mitigate technical risk.
 Failure of the designed solenoidal beam-line field reduction coil to allow beam passage
to the dump: Extensive 3-D modeling of the modified 48D48 magnet suggests that the
solenoidal beam-line field reduction coil will adequately reduce the transverse magnetic
field on the beam line to allow normal operations, so the likelihood for this technical risk
is low. However, the consequence would be significant, so the baseline includes design
and development of a beam line with steering correction magnets to compensate if
needed. Further, the estimated contingency on the budgeted beam-line design is 38%.
Also, the SBS Program was extensively reviewed by an expert technical review panel twice.
The first review was held in November of 2008 and the second in January of 2010. The panel
was charged with evaluating the efficacy and likelihood of success of the proposed equipment
to meet the requirements of the proposed experimental program. The panel found that as
planned the overall SBS Program was sound. Their final report is available.[1]
Scintillator detectors are a very well established and reliable technology, risks are minimal. The
main risk for the CDET is in the performance of the 16-channel multi-anode PMTs. This potential
risk will be mitigated by:




use of only 14 of the 16 pixels in each of the PMTs.
use of low gain on PMT since low threshold discrimination is used with custom-built readout cards.
several stages of detector and electronics prototyping.

The overall schedule risk is categorized as low because significant schedule float has been
incorporated into the baseline schedule. The start of procurement activities is shifted three
months into each fiscal year to account for the likelihood of annual three month Continuing
Resolutions. Schedule float of approximately 2 to 4 months has been incorporated at the back
end of all major tasks prior to the related Level 2 milestones shown in Sections 9e, 10e, and 11e.
Also, each Project schedule includes hard-coded schedule float at the back end prior to Project
Finish. Completion of the equipment built as part of WBS 1 (SBS Basic) has 16 weeks of float
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relative to the project completion date; WBS 2 (Neutron Form Factor) has 15 weeks
/2011of float; and
WBS 3 (Proton Form Factor) has 25 weeks of float.

The overall cost risk is considered to be low because the cost contingency has been carefully
analyzed as described in Section 5 and is included in the baseline plan. Weighting factors were
used to address items which may have been overlooked or for unexpected developments which
may arise during integration of the various subsystems.
1

http://hallaweb.jlab.org/12GeV/SuperBigBite/SBS_CDR/SBS_FinalReport.pdf
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5. Program Methodology for Estimating Cost Contingency:
For each of the three Projects, which make up the SBS Program, a detailed list of expenditures
was developed. These lists, compiled in spreadsheet form, include cost estimates based on
various inputs that included catalog prices, vendor quotes, estimates based on previous
experience, and technical estimates. The costs included escalation at 2.2% per year,
Overhead factors where appropriate, and a risk-based contingency analysis as described below.
Also included was the labor required to build each item either at JLab or at the various
Universities.
This section describes how the cost contingency for a given WBS element was calculated. Risk
is a function of the following factors: the sophistication of the technology, the maturity of the
design effort, the accuracy of the cost sources, and the impact of delays in the schedule. Risk
analysis was performed for each WBS element at the lowest level estimated. Results of this
analysis are related to a contingency, which is listed for each costed element. The goal was to
make the method of contingency determination uniform for all program elements.
Definitions
Base Cost Estimate – The estimated cost of doing things correctly the first time.
Contingency is not included in the base cost.
Cost Contingency – The amount of money, above and beyond the base cost, that is
required to ensure each Project's success. This money is used only for omissions and
unexpected difficulties that may arise. Contingency funds are held by the Associate
Director of the Physics Division.
Risk Factors
Technical Risk – Based on the technical content or technology required to complete the
element, the technical risk indicates how common the technology is that is required to
accomplish the task or fabricate the component. If the technology is so common that the
element can be bought "off-the-shelf", i.e., there are several vendors that stock and sell
the item, it has very low technical risk, therefore a risk factor of 1 is appropriate. On the
opposite end of the scale are elements that extend the current "state-of-the-art" in this
technology. These are elements that carry a technical risk factor of 10 or 15. Between
these are: making modifications to existing designs (risk factor 2-3), creating a new design
which does not require state-of-the-art technology (risk factor 4 or 6), and creating a
design which requires R&D, and may advance the state-of-the-art slightly (risk factor 8).
For the SBS Program, none of the WBS elements have a Technical Risk Factor higher
than 4.
Cost Risk – Cost risk is based on the data available at the time of the cost estimate. It is
subdivided into 4 categories.
The first category is for elements for which there is a recent price quote from a vendor or a
recent catalog price. If the price of the complete element, or the sum of its parts, can be
found in a catalog, the appropriate risk factor to be applied is 1. If there is an engineering
drawing or specification for the element, and a reliable vendor has recently quoted a price
based on these, the cost risk factor to be applied is 2. Similarly, if a vendor has quoted a
price based on a sketch that represents the element, and the element's design will not
change prior to its fabrication, the appropriate cost risk factor would be 3.
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The second category is for elements for which there exists some relevant/2011
experience. If
the element is similar to something done previously with a known cost, the cost risk factor
is 4. If the element is something for which there is no recent experience, but the capability
exists, the cost risk is 6. If the element is not necessarily similar to something done
before, and is not similar to in-house capabilities, but is something that can be comfortably
estimated, the risk factor is 8.
The third category is for elements for which there is information that, when scaled, can
give insight into the cost of an element or series of elements. The cost risk factor for this
category is 10.
The fourth category is for elements for which there is an educated guess, using the
judgment of engineers or physicists. If there is experience of a similar nature, but not
necessarily designing, fabricating or installing another device, and the labor type and
quantity necessary to perform this function can be estimated comfortably, a cost risk factor
of 15 is appropriate.
For the SBS Program, none of the WBS elements have a Cost Risk Factor higher than 4.
Schedule Risk – If a delay in the completion of the element could lead to a delay in a
critical path or near critical path component, the schedule risk is 10. If a delay in the
completion of the element could cause a schedule slip in a subsystem which is not on the
critical path, the schedule risk is 4. Only elements where a delay in their completion would
not affect the completion of any other item have schedule risks of 2.
For the SBS Program, the construction schedule for many of the sub-elements are
closely coupled. Since the start of procurement activities are often funding limited in
the baseline plan, a delay in one puts the schedule for several other procurements at
risk. To address this, a conservative approach is taken and all elements are
assigned a schedule risk of 10.
Design Risk – is directly related to the maturity of the design effort. When the element
design is nearly complete, quantity counts and parts lists finished, the risk associated with
design is nearly zero; therefore a risk factor of 0 is applied. This is also the case when the
element is an "off-the-shelf" item and the parts counts and quantities are finalized. When
the element is still just an idea or concept, with crude sketches the only justification for the
cost estimate, the risk associated with design state is high or 15. Between these two
extremes are the stages of conceptual design and preliminary design. In conceptual
design, when layout drawings of the entire element are approaching completion, some
preliminary scoping analyses have been completed, and parts counts are preliminary, the
design risk factor is 8. During preliminary design, when there are complete layout
drawings, some details worked out, complete parts counts, and some analysis for sizing
and showing design feasibility, the appropriate design risk is 4.
For the SBS Program, none of the WBS elements have a Design Risk Factor higher than
4 because the preliminary designs are in all cases at least 50% complete with much of the
required analysis already completed.
Weighting Factors
The weight applied to the risk factors depends on whether there are multiple or single risks
involved in completing an element.
The weights applied to technical risk depend upon whether the element requires pushing the
current state-of-the-art in design, manufacturing, or both. If the element requires pushing both,
the weight to be applied is high, or 4; if either the design or manufacturing are commonplace,
the weighting factor is 2.
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For weights applied to cost risk, the two factors are material costs and labor costs. If either of
these is in doubt, but not both, the weight to be applied to cost risk is 1. If they are both in
doubt, the weight applied is 2.
The weight factor given to schedule risk and to design risk is always 1 because those effects
are already captured by the risk factors described in Table 5.1.
Cost Contingency Estimating Procedure
The following procedure is used for estimating cost contingency.
Step 1 – The conceptual state of the element is compared with Table 5.1 to determine
risk factors. A technical risk factor is assigned based on the technology level of the
design. A design risk factor is assigned based upon the current state (maturity) of the
design. A cost risk factor is assigned based on the estimating methodology used to
arrive at a cost estimate for that element. Similarly, a schedule risk factor is identified
based on that element's criticality to the overall schedule.
Step 2 – The potential risk within an element is compared with Table 5.2 to determine
the appropriate weighting factors.
Step 3 – The individual risk factors are multiplied by the appropriate weighting factors
and then summed to determine the composite contingency percentage.
Step 4 – This calculation is performed for each element at its lowest level.
Step 5 – The dollar amount of contingency for an element is calculated by multiplying
the base cost by the composite contingency percentage.
Table 5.1 Technical, cost and schedule risk factors
Risk
Factor
0
1

2

3

4

10

Technical

Cost

Existing design
and
off-the-shelf
Minor
modifications to
an existing design
Extensive
modifications to
an existing design
New design;
nothing exotic

Off-the-shelf or
catalog item

Schedule

Vendor quote from
established
drawings
Vendor quote with
some design
sketches
In-house estimate
based on previous
similar experience

Design
Detailed design
100% done

Detailed design
>50% done

Preliminary design
>50% done; some
analysis done
Delays completion
of critical path
subsystem item
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Table 5.2 Risk weighting factors
Risk Factor

Condition

Weighting Factor

Technical

Design OR Manufacturing

2

Design AND Manufacturing

4

Material Cost OR Labor Rate

1

Material Cost AND Labor Rate

2

Schedule

Same for all

1

Design

Same for all

1

Cost

The algorithm applied to each WBS element first converted each Risk Factor into a percentage.
The percentages for that element were multiplied by their respective weighting factor and added
as follows:
Risk Factor (technical) * Weighting Factor (technical) + Risk Factor (cost) * Weighting Factor
(cost) + Risk Factor (schedule) * Weighting Factor (schedule) + Risk Factor (design) *
Weighting Factor (design) = Cost Contingency (%)
The cost for each WBS sub-element is then multiplied by the resulting percentage to determine
the estimated contingency for that item. The items are then rolled up to determine the cost
contingency for each WBS Project.
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6. Program Change Control
Once the baseline for each of the three SBS Projects has been established and approved, a
formal baseline change control process will be followed. The SBS program will follow a
modification of the process outlined in the JSA Project Control System Manual (PCSM).
 The SBS PM will tailor the PCSM Change Request form.
 The SBS PM will use the PCSM Change Request Log to summarize and status the
project Change Requests.
 The SBS PM will establish a Change Control Board (CCB) to evaluate proposed (see
Table below) changes to the project baseline. Membership of the CCB will consist of the
PM, the Hall Leader, the Program Scientists, and the Associate Director when needed.
Change Control approval levels will be handled in accordance with the table below:
Table 6.1 Project Change Control Approval Authority

Level 0
DOE – NP
Instrumentation
Program Manager

Level 1
JLab Associate Director of
Experimental Physics

Level 2
Program
Manager

Scope / Technical

Any change in scope
and/or performance
that affects mission
need requirements

Any change that affects the
Deliverables or Key Performance
Parameters as identified in
Sections 9b/c, 10b/c, and 11b/c

NA

Schedule

Any cumulative
change at WBS Level 1
that delays
completion by > 6
months

Any change to a Level 1
Milestone, or any change to a
Level 2 Milestone > 3 months

Any change to a
Level 2 Milestone
≤ 3 months

Cost

Any cumulative
change at WBS Level 1
that increases the TPC
to >$2M

Any cumulative change at WBS
Level 1 > $100K

Any cumulative
change at WBS
Level 1
≤ $100K
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7. Program Environment, Safety, Health, & Quality
All phases of the SBS Program will be carried out in accordance with the Jefferson Lab
Environment, Health and Safety (EH&S) policies and procedures as documented in the
Jefferson Lab “EH&S Manual”[1] including obeying all local, state and federal regulations. The
laboratory has as one of its guiding principles the protection of the health and safety of its
employees, contractors and the public. The environmental, safety, and health risks/issues are
considered small and manageable within current standard processes.
SBS Program work will be conducted under the laboratory’s existing Integrated Safety
Management (ISM) Program. ISM is an integral part of Jefferson Lab’s management structure
spelled out in detail in the “EH&S Manual”, the “Quality Assurance Manual”, and various
management manuals and training documents. Particular attention and planning will be given
to those items which have the greatest potential to impact the project cost, schedule, and
performance. Extensive testing and evaluation will be carried out for all of the critical
components whether purchased or fabricated and assembled in house. SBS Program work will
be performed under the standards and codes set forth in the TJNAF DOE JSA contract,
Federal Occupational Safety and Health Act (OSHA), 29 Code of Federal Regulations (CFR)
1926, 10 CFR851, and Virginia OSHA as supplemented by Jefferson Lab work rules.
Prior to the use of any hardware built under the SBS Program in an experiment, the Physics
Division at JLab will require completion of a “Readiness Review”. The “Readiness Review”
focuses on the technical readiness of all the experiment’s components and their safe operation.

Training
Principal players are Ph.D. physicists, their students, engineers, and qualified technicians. No
additional training beyond what is already required to work safely and effectively at their
respective institutions is required. Naturally, all work done at JLab will be done in accordance
with the procedures and training requirements spelled out in the JLab EH&S manual. Work
done at the Universities will be done in compliance with the rules and procedures spelled out at
each Institution.

1

http://www.jlab.org/ehs/ehsmanual/index.html
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8. Program Communications
Program communications must be proactive and timely, responding to accomplishments and
emerging issues or activities. Communications will focus on disseminating information
regarding program objectives, strategies, problems/issues, and status. Due to the collaborative
nature of the SBS Program team, use of phone calls and e-mails will be the central mode of
communication among participants. Meetings will be arranged as needed with phone, Skype, or
EVO connections available for those off-site.

SBS Program and Project Reviews
Progress on the magnets, platforms, beam line, detectors and electronics projects will be
monitored by the Program Manager.
The JLab SBS management team will provide a monthly status update to the DOE SC Office of
Nuclear Physics via e-mail.
JLab, in coordination with the DOE SC Office of Nuclear Physics, will convene external review
panels annually to evaluate progress. In the event of any serious problems in the interim, e.g., a
detector performance issue, additional appropriate reviews would be convened by JLab.
SBS Program Team meetings will be held regularly to keep collaborators informed of progress
and problems.
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9. The SBS Basic Project
a. Project Scope
WBS and Dictionary

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

The SBS spectrometer itself is a large dipole made from a modified 48D48 magnet that will be
obtained from Brookhaven National Laboratory for the cost of disassembling and moving it. The
modifications included in this WBS:
 Machining a slot in the return yoke to allow passage of the beam at small
scattering angles. New coils to accommodate the new geometry
 Field clamp to reduce the field at the target
 Providing a small solenoid to minimize the magnetic field in the beam slot
around the field clamp
The magnet will require support structures to hold it and the detectors. The support structure will
be versatile enough to accommodate the various angles anticipated by the future experimental
program. The magnet will also require a power supply with all necessary infrastructure to power
the magnet (water, AC power, busses, safety interlocks).

b. Project Deliverables
Jefferson Lab will produce the deliverables for the SBS Basic project:
48D48 Magnet transportation and modifications
48D48 Magnet assembly and support platform
Magnet power supply and its associated infrastructure
Beam-line vacuum and shielding components
Beam-line steering magnets

c. Key Performance Parameters
The modified 48D48 Magnet (yoke cut, new coils, beam-line field compensating
coil, and entrance field clamp) must be on the platform and be energized.
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d. Roles and Responsibilities Specific to WBS 1
Person
Bogdan Wojtsekhowski (JLab)
Gordon Cates (UVa)
Kees de Jager (UVa)
Mark Jones (JLab)
Robin Wines (JLab)

WBS

Responsibility

1.

Project Scientists
Technical Oversight

1.

Project Management

1.

Hall A Engineering/Technical Support

e. Project Schedule
Below is the gantt chart for WBS 1, the SBS Basic project, which covers approximately 3.25
years starting in FY13.
(For greater clarity please use Appendix 1 or the links below.)
The project schedule of linked tasks and events with milestones and float for WBS 1, the SBS
Basic project, are shown in Appendix 1 or can be accessed by the links below.1
http://hallaweb.jlab.org/12GeV/SuperBigBite/PMP/new-2013/SBS%20Basic%2012%20October.pdf
http://hallaweb.jlab.org/12GeV/SuperBigBite/PMP/new-2013/SBS%20Basic%20Bars%20Only%2012%20October.pdf

1

n.b. The schedule shows only direct costs.
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Project Milestones
ID #

Level

Milestone

Date

1.1-01M

1

Project start

1.2-01M

2

Magnet delivered to JLab

4/30/2013

1.3-1

3

Power supply received

1/4/2014

1.3-2

3

Magnet Yoke modifications completed

4/1/2014

1.2-10M

2

Platform parts received

6/27/2014

1.2-20M

2

1.3-3

3

Commissioning tests of magnet completed

10/1/2014

1.3-4

3

Beampipe solenoid correctors received

1/5/2015

1.3-5

3

Detector supports completed

4/1/2015

1.2-30M

2

Beam-line parts received

9/24/2015

1.1-10M

1

Project completion

1/29/2016

10/1/2012

Magnet assembled in Testlab

7/1/2014

Critical Path and Float
Schedule float of approximately two to four months has been incorporated at the back end of all
majors tasks prior to the related Level 2 milestones shown in the table above.
The critical path is driven by the purchase of the materials for the exit vacuum beam line. This is
low-tech equipment where delays are not anticipated. The schedule float for receipt of these items
relative to project completion (MS 1.1-10M) is 16 weeks.

f. Project Costs ($K AY Fully Burdened)
WBS
1

SBS Basic
Contingency
Total

FY13
$651
$181
$838

FY14
$508
$141
$643

FY15
$166
$46
$212

FY16
$0
$0
$0

Total
$1,326
$368
$1,694

Cost Contingency Estimate
The cost contingency estimate was performed as described in Section 5 above. For this
SBS Project the estimated contingency is 28%. Of the 28% contingency, 41% is due to technical
risk, 17% is due to cost risk, 33% is due to schedule risk, and 9% is due to design risk.

g. Project Risks
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Everything in WBS 1 is a standard item of a type that we have dealt with before,
so the overall
/2011
risk is low. One risk is the possibility that something as designed would not fit in its appointed
place because of some unforeseen interference with existing equipment in the Hall. The main
consequence would be a schedule impact to make modifications in the field, and the costs
associated with rework. To mitigate that risk a detailed 3-dimensional model of the Hall is
maintained. All designs are required to fit into that model with adequate margin that there are
no interferences.

Risk Event
Magnet Q/A problems
Platform doesn’t fit
Beam-line components
don’t fit

Mitigation Strategy
Experienced Hall A staff;
thorough QA and commissioning plan
Careful, detailed design;
thorough review prior to construction;
QA during construction
Careful, detailed design;
thorough review prior to construction;
QA during construction

h. Project Quality Management
Hall A Infrastructure: Jefferson Lab has a long history of building experimental equipment.
Procedures and protocols already spelled-out and used daily will be used to ensure the quality
of the hardware built under the SBS Program. (see: the JLab EH&S manual link)
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10. Neutron Form Factor Project
a. Project Scope
WBS and Dictionary

WBS 2 Neutron Form Factor

WBS 2.01

Milestones

WBS 2.02

Project oversight

WBS 2.1

Coordinate Detector

WBS 2.2

Electronics Hut, Lead Shielding and
Detector Frames

WBS 2.3

Pole Shims and field clamp

WBS 2.4

Trigger

The Coordinate Detector (CDET) consists of two planes of 0.5x3.0x102 cm3 scintillator bars covering
an active area of 1.02 m x 3.0 m (each plane will be sub-divided into two 51-cm wide halves). The
total number of readout channels in the CDET is 2400. The light output from each bar is collected by
a 2 mm diameter wavelength-shifting (WLS) fiber which is inserted into the bar through a central hole
along the length of the bar and detected by multi-anode PMTs. The PMT signals will be read-out with
front-end cards producing logical signals for TDCs.

b. Project Deliverables
Idaho State University, Rutgers University, and JLab will produce the deliverables for the Neutron
Form Factor project. Those deliverables are:
 The Coordinate detector (Idaho State University)
 Trigger system (Rutgers Unversity)
 Magnet Pole Shims (JLab)
 Magnet exit field clamp (JLab)

c. Key Performance Parameters






The main performance parameters of the CDET are:
o Coordinate resolution < 3.0 mm
o Time resolution < 2.0 ns
o Rate capability of 500 kHz per bar with deadtime < 10%
o Efficiency > 95% per plane
The pole shims must be in hand with dimensions verified.
Exit field clamp pieces must be in hand with dimensions verified.
The final trigger configuration will be a ready to use integrated hardware and software
package. It will be considered complete when it has been successfully tested with
pulsers and cosmic rays.
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d. Roles and Responsibilities Specific to WBS 2
Person
Bogdan Wojtsekhowski (JLab)
Gordon Cates (UVa)
Kees de Jager (UVa)
Mark Jones (JLab)

WBS

Responsibility

2.

Project Scientists
Technical Oversight

2.

Project Management

2.1

Coordinate Detector

Robin Wines (JLab)

2.2

Electronics Hut, Lead Shielding and
Detector Frames

Robin Wines (JLab)

2.3

Pole Shims and exit field clamp

Ron Gilman (RU)

2.4

Trigger

Mahbub Khandaker (Idaho State
Univeristy)

e. Project Schedule
Below is the gantt chart for WBS 2, the Neutron Form Factor project, which covers
approximately 2.25 years starting in FY14.
(For greater clarity please use Appendix 2 )
The project schedule of linked tasks and events with milestones and float for WBS 2, the
Neutron Form Factor project, are shown in Appendix 2 .
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WBS 2 Schedule

7/31/2017

1/12/2017

6/26/2016

12/9/2015

5/23/2015

11/4/2014

4/18/2014

9/30/2013

Coordinate detector design
finalized
actual
electronics hut assembly,
lead shielding, and…
actual

Exit Field Clamp
actual

Schedule
float

Pole Shims
actual

Trigger
actual
Coordinate Detector
assembled
Actual
Project completion
actual
Today

Pole shims, field clamp, and trigger moved ahead 1 year from previous PMP
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Project Milestones
ID #

Level

2.1-01M

1

2.2-50M10

2

2.2-50M30

2

Date

Project start

10/1/2013

CDet Module design completed

2

2.2-50

Milestone

11/30/2014
6/2/2015

JLab receives exit field clamp
Electronics Hut Assembled etc.

8/7/2015

2.2-50M20

2

JLab receives pole shims

10/2/2015

2.4

2

RU completes trigger

10/4/2015

2.2-50M40

2

Coordinate Detector Assembled

6/30/2016

2.1-10M

1

Project completion

1/29/2017

Critical Path and Float
Schedule float of approximately two to six months has been incorporated at the back end of all
majors tasks prior to the related Level 2 milestones shown in the table above.
The critical path is driven by the acquisition of the parts for the electronics hut, lead shielding and
its platform, and detector frames. There are 25 weeks of float between completion of the
electronics hut (MS 2.2-50) and Project Completion (MS 2.1-10M).

e. Project Costs ($K AY Fully Burdened)
FY15
$517

FY16
$59

FY17

Neutron Form Factor

FY14
$461

$9

Total
$1,045

Contingency

$138

$168

$18

$3

$ 327

Total

$599

$685

$77

$12

$1,372

WBS
2

Cost Contingency Estimate
The cost contingency estimate was performed as described in Section 5 above. For this
SBS Project the estimated overall contingency is 31%.

f. Project Risks
Scintillator detectors are a very well established and reliable technology, risks are minimal. The
main risk for the CDET is in the performance of the 16-channel multi-anode PMTs. This potential
risk will be mitigated by:


use of only 14 of the 16 pixels in each of the PMTs.
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use of low gain on PMT since low threshold discrimination is used with custom-built
read-out
cards.
several stages of detector and electronics prototyping

FPGA logic failure (Trigger) is dealt with by carefully shielding the electronics from radiation in the
Hall. The effectiveness of the shielding will be tested in advance.

h. Project Quality Management
Subsystem managers (Mahbub Khandaker, Robin Wines, and Ron Gilman) will monitor
progress, submit the monthly reports to the program manager, provide quarterly updates,
and present the project at the annual review. All work done at JLab will conform to all labwide established procedures and protocols as regards quality and safety.
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11. The Proton Form Factor Project
a. Project Scope
WBS and Dictionary

WBS 3

WBS 3.01

Milestones

WBS 3.02

Project Oversight

WBS 3.1

GEM's (UVa)

WBS 3.2

GEM electronics (UVa)

Proton Form Factor

The set of detectors needed for WBS 3 is comprised of large arrays of GEM detectors (eight
GEM chamber layers of 50 x 200 cm2 effective area with x-y readout, in the SBS
polarimeter, each layer consisting of five GEM modules with a 50 x 40 cm2 effective area,
with attendant electronics, both front-end and data acquisition.

b. Project Deliverables
Jefferson Lab, The University of Virginia, and Rutgers University will produce the
deliverables for the Proton Form Factor project:
Gas Electron Multiplier (GEM) tracking detectors (UVa) (40 modules)
Front-end and Data Acquisition Electronics to accompany these GEM modules (UVa)

c. Key Performance Parameters




All GEM modules must be constructed such that:
o all foils have an average dark current of less than 5 nA per 20 x 5 cm2 section at 4100
V on the full module
o they have a gain of at least 5000 at theoperational voltage of 4000 V in a gas mixture
of 70%Argon and 30% CO2
o they have a track efficiency of at least 95%, averaged over the module, in cosmic
tests
All GEM modules with their attendant electronics must be assembled in their frames and
tested with cosmicGEM electronics and DAQ must be attached to the above GEMs and
functional in an integrated data-acquisition system:
o The APV25 front-end read-out boards must be tested for low noise level performance
and the equivalent noise charge must be less than 3500 e (RMS), averaged over the
module

d. Roles and Responsibilities Specific to WBS 3
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Person
Bogdan Wojtsekhowski (JLab)
Gordon Cates (UVa)
Kees de Jager (UVa)
Mark Jones (JLab)

WBS

Responsibility

3.

Project Scientists
Technical Oversight

3.

Project Management

Nilanga Liyanage (UVa)

3.1

GEM modules

Nilanga Liyanage (UVa)

3.2

Front-end and DAQ electronics

e. Project Schedule
Below is the gantt chart for WBS 3, the Proton Form Factor project which covers approximately
4.8 years starting in FY13.
(For greater clarity please use Appendix 3 )
The project schedule of linked tasks and events with milestones and float for WBS 3, the proton
Form Factor project, are shown in Appendix 3 .2

2

n.b. The schedule shows only direct costs.
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WBS 3 Schedule
2/16/2018

7/31/2017

1/12/2017

6/26/2016

12/9/2015

5/23/2015

11/4/2014

4/18/2014

9/30/2013

Order GEM parts
actual
assemble & test 1st module
actual
assemble, test & deliver 5…
actual
assemble, test & deliver…
actual
assemble, test & deliver…
actual

schedule
float

assemble, test & deliver…
actual

Front end electronics…
actual

Project completion
actual
Today
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Project Milestones

(Activities driving milestones listed as Level 3)

ID #

Level

Milestone

Date

3.1-01M

1

Project start

10/1/2012

3

Order GEM parts

10/1/2013

321000

3

First module assembled and tested

3/3/2014

321010

3

Assemble test and deliver 5 modules

5/30/2014

321020

3

assemble,test, and deliver modules 6-16

9/30/2014

321030

3

assemble, test, and deliver modules 17-29

3/2/2015

321040

2
3

assemble, test, and deliver modules 30-40

7/15/2015

33000

2
3

Front end electronics assembly and
test( Qty 1-20)

33010

10/1/2015

Front end electronics assembly and

3
3.1-10M

10/1/2014

test( Qty 20-40)

1

2/1/2017

Project completion

Critical Path and Float
Schedule float of approximately two to four months has been incorporated at the back end
of all majors tasks prior to the related Level 2 milestones shown in the table above.
The critical path is driven by the construction of the GEMs. Completion of (MS 3.2-60M) has
25 weeks of float relative to the Project Completion milestone (MS 3.1-10M).

e. Project Costs ($K AY Fully Burdened)
FY13

WBS
Proton Form Factor

$34

FY14
$598

FY15
$595

FY16
$241

FY17
$26

Total
$1,493

Contingency

$10

$66

$136

$68

$7

$288

Total

$44

$665

$731

$309

$32

$1,781

3

Cost Contingency Estimate
The cost contingency estimate was originally performed as described in Section 5 above. At
this time, given that a contract already exists for 29 GEM modules the estimated contingency
is 19%.
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The primary technical risk for WBS 3 is due to the GEM foils and GEM electronics as
discussed in Section 4. This risk is categorized as low, based on the two technical reviews
and based on our own experience such as the recent tests with beam at the Mainz
microtron.
A remaining cost and schedule risk is related to the unlikely event that the GEM modules and
DAQ/electronics experience failure rates higher than expected and accommodated within the
baseline plan. There was a 34% contingency in the GEM’s budget for mitigating such an
outcome, and adequate schedule float. However, the pre R&D effort has produced very good
results and the overall contingency has thus been reduced to 19%.
The mitigation strategies are listed below.

Risk Event

Failure of GEM Foil beyond baseline
assumptions.

Mitigation Strategy
Assure that QA test results are available early
enough to modify procedures if necessary.
Maintain sufficient cost contingency to procure
additional if needed.
Assure that QA test results are available early
enough to modify procedures if necessary.

Failure of GEM Electronics Module
beyond baseline assumptions.

Maintain sufficient cost contingency to procure
additional if needed.

h. Project Quality Management
GEM Foils
Rui De Oliveira, the manager of the GEM workshop at CERN will test the foils using their
HV testing method and validate them before shipping the foils to UVa. Dr. Kondo
Gnanvo, a research scientist at UVa, has many years of experience working with Rui De
Oliveira's group. Dr. Gnanvo will travel to CERN before GEM foil shipments to UVa to
work with De Oliveira's group to ensure the quality of the GEM foils.
The primary method of validating GEM foils at UVa would be testing them with high
voltage in a dry nitrogen box to test the leakage current at a high voltage of 550 V. The
raw foils will be tested upon their arrival at UVa. The foils will be tested again after
framing. Furthermore, a digital microscope and a light-box have been set up at UVa to
visually examine the foils, in case the HV test indicates that a certain sector has
problems.

Front End Electronics/DAQ
The quality control tools and techniques for the GEM-based trackers are based on the
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Technical notes describing the construction and quality control of the GEM
detectors for the COMPASS and TOTEM T2 experiments at CERN (M. Capeans
et al., CERN-EP/TA1 – Technical Note TA1/00-03, February 17, 2001, and
T. Hilden’s lecture at the RD51 collaboration, CERN, February 17-20, 2009)
The technical specifications of the custom-built VME multi-purpose digitizer (MPD)
modules that have been designed and developed by the INFN-Rome group
(Dr. E. Cisbani is the principal investigator) for the APV25 chips on the front-end
card
Test Approach
 Visual inspection of the APV25 front-end cards and the VME MPD modules
 Test of the electronics with a full-scale (40x50 cm2 effective area) GEM chamber with
the test set-up existing in the EEL building at JLab
 Check pulse heights and noise levels from the APV25 read-out boards.
Capacitance measurements of the read-out boards
 Confirm performance meets Key Performance Parameters in Section 10c

Quality Management Roles
The front-end and DAQ electronics of the GEM-based trackers of this SBS Project is the
responsibility of the University of Virginia group. The quality assurance and all the
work for the electronics will be supervised by the principal investigator of this sub-system of the
project, Dr. Nilanga Liyanage. He will be assisted by undergraduate students and post-docs
during the entire course of assembly and testing of the electronics.
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Appendix 1: Schedule for WBS 1 (SBS Basic)
Return to WBS 1
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Appendix 2 Schedule for WBS 2 (Neutron Form Factor)
Return to WBS 2
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Appendix 3: Schedule for WBS 3 (Proton Form Factor)
Return to WBS 3

45

3/30/2015
/2011

46

3/30/2015
/2011

47

