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1 Introduction

This document is an update on the SBS electron calorimeter, since the DOE
SBS November 2016 review was convened. At the review, a presentation
was given on the electron calorimeter. Part of the presentation went over
the report (part of the 2016 review pre-brief materials) on ECal prototype
work done at Stony Brook University to find a scalable technical solution
for building a large continuous thermal annealing electron calorimeter. The
desired temperature profile from the front of the calorimeter block to the back
is 225◦C to 185◦C and then a drop to 50◦C along the length of the light guide
to the PMT. Scalability and allowance for independent mechanical expansion
of the blocks is of critical importance to the design. The supermodule concept
was developed to meet these requirements. It consists of a rectangular box
open at the top and bottom with nine lead glass blocks set in a square.
Prototype versions are the supermodule were built and tested in a oven.
Thermal and mechanical simulations were produced by the finite element
package COMSOL using the thermal, non-isothermal fluid dynamics, and
solid mechanics modules. Good agreement was found between the COMSOL
simulations and the measured temperature profiles for different setups of the
supermodules.

The status of the ECal construction is presented in Sec. 2. With the
success of the prototype tests, the design of the supermodule and the oven
enclosure has moved forward to completion. The design is presented in Sec. 3.
The critical decision date for the electron calorimeter is discussed in Sec. 4.

2 ECal Construction Timeline and Resources

In Fall of 2016, North Carolina Central University (NCCU) obtained $150k
from a supplement to an NSF HBCP-UP grant to fund the construction of
the ECal. Originally, the plan was to assemble and test the oven enclosure
with supermodules at NCCU, but this would mean shipping all the blocks to
NCCU and then, after the test, shipping of the blocks back to JLab along with
the supermodule structures and the oven enclosure. It was decided that it
would be more efficient to do the assembly and testing of the oven enclosure
at JLab where space is available in the TestLab. The Yerevan group was
contracted to work on the mechanical design drawings for the supermodule
and the oven enclosure. The start of design work was delayed until December
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2016. The schedule milestones are given in Table 2. The critical decision
date has been delayed until February 2018 when the supermodules will be
assembled in the oven enclosure and measurement of the temperature profile
will be finished.

The design of the supermodule has been completed. Changes to the
original prototype design presented at the November 2016 Review have been
made and are discussed in Sec. 3. The design of the supermodule has been
sent to two vendors to get preliminary quotations and a quotation within the
projected budget was received.

The oven enclosure design has been completed and some details are given
Sec. 3. At the end of May 2017, the design drawings for the oven enclosure
were sent to the JLab Hall A engineering and design group . They will review
the drawings to insure that the drawings meet Jefferson Lab environmental,
health and safety standards and that the design is compatible with the rest
of the experimental setup. The review will be completed by the end of June.
This will enable procurement of the oven enclosure (main frame) to be done
in August.

As part of the prototype tests done at Stony Brook University, 200 lead-
glass blocks were clean and light guides glued to the blocks. In parallel to the
design of the supermodule and the oven enclosure, preparation and cleaning
of the remaining lead glass blocks was ongoing. As of May 2017, 800 lead-
glass blocks have been cleaned. The light guide procurement for the rest of
the leadglass blocks was done in January 2017. The light guides arrived at
end of April 2017 and the gluing of the light guides began in May 2017.

Milestone Scheduled Comment
date

Light guide procurement Jan 2017 Completed Jan 2017

Mechanical design for main frame Feb 2017 Expected June 2017

Start gluing of light guides to leadglass blocks Mar 2017 Completed May 2017

Super module procurement Apr 2017 Expected Aug 2017

Main frame procurement June 2017 Expected Aug 2017

Detector assembly in main frame starts Sept 2017 Expected Nov 2017

Detector testing in the main frame starts Oct 2017 Expected Dec 2017

Connection of signal and HV cables Dec 2017 Expected Feb 2018

Finished first pass cosmic tests Apr 2018 Expected June 2018

Table 1: Timeline for ECal design and construction.
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3 Design of calorimeter

The supermodule prototype design has been tweaked into the final design
that is presented in Fig. 1. The prototype design presented at the November
2016 review had the side walls which extended to cover the light guide. The
new design has the side walls which are shorter and extend to a flange that
is near where the light guide is glued to the block. This allows the hoses that
provide air cooling to come from the side. This makes it easier to install hoses
for air cooling, since the supermodules will be stacked in a C-shape to match
the phase space of the elastically scattered electrons which makes designing
vertical hoses difficult. The design of the air cooling system is complete and
Fig. 2 is a schematic of the air cooling system. The new method to provide
heat to the rear of the supermodule has been developed, since the room at
the rear of the supermodule is crowded. Instead of a local heater fixed by
wire loop at the rear, a copper strip connects the front and rear of the module
and transfers the heat. The new method is presently being tested at Stony
Brook University and the testing will be done by the end of June.

Figure 1: Schematic of a supermodule which contains 9 leadglass blocks.
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Figure 2: Isolated view of the air cooling system.

4 Critical decision date

The critical date for deciding to continue with the thermal annealing option
will be at the conclusion of the testing of the assembled thermal annealing
leadglass calorimeter at JLab that is scheduled to start in December 2017
and end by February 2018. The main criterion for a success test is achieving
the desired temperature profile which is predicted from GEANT4 simulations
to produce an energy resolution of 5% for 4 GeV electrons for the expected
background rates. For the GEp experiment, the electron calorimeter is part
of the coincidence trigger and GEANT4 simulations have predicted that an
electron energy threshold at 90% of the elastically scattered electron energy
is needed to keep the data rate from inelastic background at an acceptable
level. The proposed Ultimate Performance Parameter (UPP) of the electron
calorimeter is an energy resolution of 10% for 4 GeV electrons which at the
same electron energy threshold gives a figure of merit, FOM, that is 73% of
what can be achieved with the desired energy resolution. This FOM could
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be achieved by running the experiment at a lower beam current which would
reduced rate of radiation damage to the lead glass blocks and, therefore, a
lower temperature profile could be used.

In the unlikely event of that testing of the full scale thermal annealing
calorimeter demonstrates an insurmountable problem, then the fall back of
using the original UV curing option is available. In the November 2016 re-
view, the document, ”Report on the risk, figure of merit, cost and schedule
of three options for ECal”, was part of the pre-brief materials. In that docu-
ment, the original UV curing option would have a FOM of 73% of the desired
FOM for the thermal annealing option. At this point most of the mechanical
infrastructure of the thermal annealing oven will be used for a calorimeter
with UV curing. The thermal annealing oven frame can be modified so that
the front part can be replaced with the UV lights and the front aluminum
absorber. The design of the UV light fixture and aluminum absorber wall
can begin in February 2018. In parallel to the design work, the leadglass
would have to be unstacked, since the front plate of the absorber would need
to be removed. The leadglass would be restacked and the signal and HV
cables connected. The light fixture would be installed and the frame would
become light tight so that cosmic tests could start.

Milestone Scheduled date

Design UV light fixture and aluminum absorber begins Feb 2018

Start unstacking leadglass blocks Feb 2018

Finish restacking leadglass blocks and start connecting signal and HV cables April 2018

Order parts for light fixture April 2018

UV light fixture installed Aug 2018

Finished first pass cosmic tests Oct 2018

Table 2: Timeline for UV curing option if the thermal annealing option for
the electron calorimeter does not meet its critical decision criterion.
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31.03_3

Termal insulation

Termal insulation is assembled from Foam Glas bloks
with dimensions 18x24 in
Front thickness of these blocks 4 in

Thickness of top, bottom and sides are 7 in

Every 2 Foam Glas blocks are assembled in one
metal box with dimensions 36x24 in.
There are small boxes too. 
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Figure 3: The thermal insulation
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31.03_6

Light Insulation panels

The panels are made from tee bars 2x1.5 in

Panels are attached to the frame with scrws

Under each panel is a light-insulating gasket
in the drawing they are shown in blue

Inside each panel  is inserted light-insulation
sheet, 
in the drawing they are shown in green

----------------------------

Door 78x31.5 in

Figure 4: View of the back enclosure to keep the oven light tight.
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