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Executive Summary 

The prime focus of the Hall-D experiment of the 12GeV JLab upgrade program as 
presented is to search for exotic hybrid mesons in the light quark sector and glueballs 
based on a fixed target setup of a 9GeV polarized tagged photon beam using a large 
acceptance spectrometer. This physics program, which has been previously successfully 
reviewed, provides fundamental new insight into the nature of gluon fields between 
quarks in mesons. Those gluon fields are confined to a flux tube and the excitations of the 
flux-tube are manifested as hybrid mesons. A key element to identify the existence of 
exotic hybrid mesons is to search for exotic quantum number combinations JPC. An 
amplitude analysis will be used to identify quantum numbers, masses and decay modes of 
mesons. A precise measurement of neutral pion and eta mesons through their photonic 
decay modes plays a critical role for the overall physics program. The electromagnetic 
calorimeter system of the Hall-D experiment is an essential part of the experiment. The 
committee is satisfied with the choice of the calorimeter concept and overall layout of a 
scintillating fiber calorimeter (BCAL) in the barrel region and a Pb-glass calorimeter in 
the forward direction (FCAL). Both calorimeter designs are based on prior experience at 
KLOE in case of the BCAL and the E852 and RadPhi experiments in case of the FCAL. 
It is in particular the Indiana group, which brings a lot of experience in operating a large 
Pb-glass calorimeter wall at the E852 experiment at Brookhaven National Laboratory. 

The committee was very pleased by the presentations on both calorimeter projects. The 
documentation, which has been provided prior and during the review, was sufficient and 
allowed us to look in detail at all aspects of both calorimeter projects. The committee felt 
that the physics driven requirements are well understood in terms of energy and position 
resolution and well matched to previous experience from both KLOE in case of the 
BCAL and the E852/RadPhi in case of the FCAL. This also includes the understanding of 
the electromagnetic backgrounds, calibration, linearity and the choice of granularity. A 
potential cost reduction might be possible in optimizing the BCAL readout part of the 
outer BCAL section. The committee suggests that ongoing efforts in this direction to be 
continued. The acceptance hole between the BCAL and FCAL has been clearly pointed 
out. The committee suggests devoting some effort to reduce the impact of this acceptance 
hole at this stage of the project. The committee acknowledges the fact that some ideas on 
reducing the acceptance hole have been already implemented such as cable routing. A 
document would be beneficial summarizing the main requirements for both the BCAL 
and FCAL calorimeter systems. 

The committee is pleased by the level of realistic Monte-Carlo (MC) simulations that 
have been set up, which includes in particular detector effects. The committee suggests 
that those tools should be used to quantify in more detail various experimental 
efficiencies, such as the actual neutral pion and eta reconstruction efficiency, besides the 
photon efficiency itself. Also, an understanding of the achievable trigger efficiency 
should be developed taking into account various background effects. It is positive to see 
that those MC tools have been used to optimize the detector layout such as cable routing. 
We suggest to compare testbeam data of the BCAL prototype modules to MC 
simulations. This may provide valuable insight into the BCAL module design and the 
description of various aspects of the actual MC simulation. A dedicated team is essential 



to continue with the software development part of the Hall-D experiment from the current 
development and usage of simulation and reconstruction software tools to the eventual 
commissioning and physics analysis.  

The plan for the BCAL construction is to involve significant university participation. 
University-based construction would rely heavily on part-time student labor specifically 
hired for the BCAL module construction. The committee is concerned that the schedule 
of the overall BCAL construction effort could suffer if this student labor is not readily 
available at the required time. Furthermore, the frequent turnover in the BCAL work 
force which is implied by the use of student labor will require careful planning, 
supervision, and training by a solid team of senior advisors and technical staff members 
who do cover the full cycle of the BCAL construction effort. A clear plan is required that 
addresses the logistics of the construction of BCAL modules at universities outside the 
United States and the subsequent shipment to JLab. We recommend that a plan is worked 
out that addresses these issues in collaboration with the JLab project management. 

The committee understood that MOU’s are either in place or are being worked on to 
ensure the continued support of detector components, specifically the BCAL and FCAL 
support after installation to commission and maintain both calorimeter systems. This is an 
essential part and the committee felt that one cannot overemphasize enough the 
significance of this part of the Hall-D calorimeter project. 

The committee was very pleased by the presentation and documentation of the readout 
system. The idea of a DAQ design, which is common to various sub-components, is 
certainly very beneficial. The mechanical design is well developed at this stage of the 
project. More details on both the DAQ and mechanical design are provided below.  

The committee is very concerned about the readiness of the silicon PMT’s (SiPMs) at this 
stage of the project. It is recommended that a realistic backup is being developed. This 
will be addressed below further. 

The following questions have been mostly addressed during the course of the review, 
apart from the recommendations listed below, which should be looked into prior to the 
award of the next DOE critical decision: 

 

1. Are the technical performance requirements adequate, appropriate, and complete? 
2. Do the current designs and plans appear likely to achieve the performance 

specifications with a low risk of cost increases, schedule delays, and performance 
problems? 

3. Are the current designs cost-optimized, or are there less expensive approaches 
that will meet the performance specifications without elevating 
cost/schedule/performance risks?  

4. Have ES&H considerations been adequately incorporated into the designs at their 
present stage 

 



Recommendations: 

 

¥ Plan that addresses logistics of the BCAL module construction at universities 
outside the United States and the subsequent shipment to JLab. 

¥ Backup plan for BCAL silicon PMT’s (SiPMs). 

¥ Full characterization of new SiPM samples that meets the requirements. 

 

In addition, we suggest to address the following items in further detail: 

 

¥ Quantify experimental efficiencies, such as the actual neutral pion and eta 
reconstruction efficiency, besides the photon efficiency itself.  

¥ Compare testbeam data of the BCAL prototype modules to MC simulations. 

¥ Study on how to further reduce BCAL / FCAL acceptance hole. 

¥ Summary of main requirements for BCAL and FCAL calorimeter system. 

¥ QA certification as part of vendor contracts. 

¥ Quote mechanical tolerances on modules for a successful insertion. 

¥ Plan for final mount of BCAL light guides. 

¥ Finite element analysis of BCAL module fixation to assure the feasibility of the 
whole procedure.  

¥ Document of FCAL assembly and QC testing of individual Pb-glass modules. 

¥ Document that describes assembly procedures, quality assurance measures, 
installation procedures along with ES&H considerations. 

 

 

 

 

 

 

 



 

1.0 Performance requirements (Construction plans and documentation) 

1.1 BCAL requirements 

The BCAL performance requirements are based on conservative estimates coming from 
the KLOE calorimeter. Although both calorimeters are based on the same relative amount 
of lead/scintillating fiber/glue combination, the GLUEX calorimeter has two main 
characteristics, which should improve its performance with respect to KLOE:  

¥ Double clad ‘fast’ emitting green fibers (BCF-20)  

¥ SiPM which are well matched to the green fiber emission spectra.  

Taking all of this into consideration, improvements up to a factor 4 in light yields are 
expected. The committee is pleased by the level of details shown on the comparison with 
the KLOE calorimeter light yield explaining in great detail the origin of the improvement. 
Test beam data on module 1 with e/p/µ and photons show comparable light output with 
KLOE although a different double cladding blue fiber+PMT combination was used. This 
can be explained by the reduced collection efficiency of the used light guides with respect 
to KLOE light guides. 

The usage of SiPM’s, which have a non-negligible internal dark noise rate, will require 
an increase of the energy cutoff to maintain a decent low occupancy rate per channel (< 
5%). From calculations, assuming a 20 micron pixel SiPM, we expect that the noise can 
contribute to the threshold up to 2-3 MeV of equivalent electron energy.  This will not 
have an impact with respect to the 20 MeV threshold assumed for physics analysis. We 
however suggest to study in more detail the profile versus energy of the efficiency curve 
by including also the eventual cutoff introduced by the discriminators. If a factor 4 or 2 in 
light output is reached, the energy resolution will be dominated by sampling fluctuations 
(i.e.

!  

4.6% E ) and the timing resolution will reach values at the level of

! 

 30ps E .  

One important point to consider is that most of the photons reaching the BCAL will have 
an impact point between 20-40 degrees. This will surely increase the contribution to 
sampling fluctuations as proven by the successful test beam with module 1 at JLAB.  

The constant term for the timing resolution can be kept below 30 ps if calibration of each 
single channel is assured. We believe that this can improve the PID expectation of the 
GLUEX experiment (pi/K separation).  

The position resolutions are more complicated to extract since the transverse position is 
based on the granularity choice and the longitudinal position on time differences. In 
particular, the transverse resolution can be improved employing energy sharing methods 
between cells. Several studies have been shown. We suggest to study more carefully this 
point and provide reliable comparison with test beam data and expectations based on full 
detailed simulations of the modules. A detailed study of the impact of the position 
resolution on complete kinematic fitting for background rejection can be a guidance for 
the final readout granularity choice. 



For a successful realization of the calorimeter both in time and in construction quality, we 
have analyzed the proposed plan for construction of the modules and we find it 
reasonable due to the solid experience based both on the KLOE experiment and on the 
realization of module 0,1,2 for GLUEX. We also find the new scheme of step-pyramides 
for the construction of the lead/scintillating fiber stack to be a cost effective solution. 

We believe that the estimated composition of the building-crew, the proposed building 
methods, the logistics issues for machining, handling and transportation and final 
integration plans are adequate at the time of writing.  However, the committee is 
concerned that the schedule of the overall BCAL construction effort could suffer if the 
foreseen student labor is not readily available at the required time. We recommend that a 
plan is put in place that addresses the logistics of the construction of BCAL modules at 
universities outside the United States and the subsequent shipment to JLab. 

During the meeting, we have suggested to explicitly include in this plan also the 
integration of QA procedures:  

¥ Fiber characteristics, 

¥ lead quality,  

¥ SiPM characteristics,  

¥ and test of each completed module both at Regina, Canada and at JLAB. 

A first sketch of QA certification plan has been already put in place. More refinements on 
the proposal are still needed. Given the large amount of material need to be procured 
(Scintillating fibers, SiPM’s, Lead), we suggest  that QA  certification to be  inserted in 
the written agreements with the vendor. We suggest also that in the following months 
detailed plans of the final fixtures of the calorimeters such as mounting of the final light 
guides will be developed. We find that the shown electronic prototypes for fADC , TDC 
are well performing for the experiment needs.  

In general, we find the calorimeter construction details, the calorimeter tests performed, 
the simulation and the readout electronics to be well documented. For the final modules 
insertion and mounting of the whole barrel, the shown scheme seems to be reasonable but 
still not complete. A finite element analysis of BCAL module fixation is necessary to 
assure the feasibility of the whole procedure. Mechanical tolerances on modules are 
needed for a successful insertion have to be quoted. 

 

 

 

 

 



 

1.2 FCAL requirements 

A Pb-glass wall stacked from 2800 4 x 4 cm2 is the chosen design for the forward 
calorimeter.   The lead group, Indiana University, has been involved with the construction 
of 2 Pb-glass calorimeters previously, E852 at BNL and RadPhi at  JLab.   This provides 
significant experience both in construction and setting the required performance to 
achieve the physics goals.   We believe the requirements presented during the meeting 
and in documentation are adequate, appropriate and complete to meet the physics 
requirements.  As mentioned elsewhere the committee suggests that those be collected 
into a requirements document, where all requirements and short answers as to how the 
requirements are met are laid out.  For the FCAL we understand these to be: 

Physics goal: Amplitude analysis of meson resonances with many particles in the final 
state with sensitivity to the few % of typical known resonances. 

FCAL Requirements: 

¥ Energy resolution 

¥ Position resolution 

¥ Coverage 

¥ Dynamic range of photon energies 

¥ Radiation resistance  

¥ Timing resolution 

Most of the Pb-glass and PMTs for the project are in hand.  The IU group has already 
done extensive work in annealing Pb-glass and testing existing PMTs.  The only new 
performance issue is the need to add a light guide to allow for magnetic shielding .  Tests 
have been done to optimize the geometry of the light guide taking into account the 
Cerenkov light emission angle.  In addition the light guide is coupled to the Pb-glass with 
a Si rubber ‘cookie’ rather than the air gap used previously. A gain in light of a factor of 
2.5 over E852 and RadPhi was demonstrated in cosmic ray tests. We do suggest that the 
clamping mechanism be tested by looking at light coupling over as long a time as 
practical. Testing with as much of the full sets of prototypes, (detectors, PMT, CW bases 
and readout electronics) seems warranted.  Thus we believe the plans for achieving 
detector performance goals are understood and will be documented with this one last 
systems test.   

Construction plans strongly benefit from the fact that the detectors themselves are mostly 
in hand.   Such detectors have been stacked by the Indiana group and therefore bring 
sufficient experience along with the required manpower.  We do suggest the group to 
write explicit procedures for assembly and QC testing of individual Pb-glass modules, 
PMT light guide assemblies etc., as well as stacking including descriptions of how the 
stack is kept uniform during assembly and final performance after PMTs are attached.  



Mechanical concepts exist for containing and clamping the Pb-glass elements and 
holding the PMTs and bases.  Detailing to meet DOE requirements needs to be completed 
by the appropriate time this summer.   Completion of the above procedures and detailed 
drawings should sufficiently document the construction aspects of the project. 

 

2.0 Evaluation of design and planning (Performance, cost and schedule) 

2.1 BCAL design and planning 

The actual design seems to be completely adequate to match the required detector 
performances assuming that SiPM array will reach the expected specifications 
(PDE>15%, linearity <3%, large dynamic range). Given the high light yield of the chosen 
double-clad fibers (BCF-20), the GLUEX calorimeter has the potential to yield a better 
performance compared to the existing KLOE calorimeter. However, we notice that, at the 
moment of writing, while the single 3x3 mm2 SiPM show excellent   characteristics, the 
results shown for  the 5 array set up, shows large non-uniformities in the response. We 
recommend to complete the study of performances for the new arriving samples of SiPM 
arrays in particular to demonstrate: 

1. 10-20% uniformity along the sensitive area. 

2. A high light yield with respect to a crossing MIP. This could be simply done  by 
connecting the array  to BCF-20 fiber boundless. 

3. A new test beam or a CR test with the new array connected (even in a partial 
sector) of the module will show the final performances. 

4. It would be beneficial if item iii) could be done even using the existing prototype 
readout electronics. 

If this is met, we do not see technical problems on the realization of the planned 
calorimeter. Backup solutions scheme is recommended to exploit coupling with a) other 
SiPM arrays either existing or to be found in the market in the next few months or b) a 
different conservative solution. It is suggested to complete the study of the granularity 
choice for the final counting of light sensors. 

 

2.2 FCAL design and planning 

The FCAL is very closely related to previous Pb-glass walls used for physics by the lead 
group.   Most of the Pb-glass and PMTs are in hand.  There are existing prototypes for 
most of the electronics and this is jointly shared for other systems.    The remaining 
mechanical detailing seems conventional.   Stacking and attaching the PMTs does not 
seem to be a high tech adventure.  While we did not fully understand the manpower 
necessary for this task it is the type of effort and of duration such that can be boosted by 
other collaborators.   We believe this part of the project is relatively low risk to cost 
increases, serious schedule delays and performance problems. 



One issue with respect to cost optimization was raised during the review about the wall 
for holding PMTs.   The current plan is to build this wall as in previous experiments, by 
using two Al plates, steel tubes and filling with epoxy.  A suggested alternative was to 
use large blocks of plastic to form the wall at some cost savings.   While the committee is 
glad to see that thought is being given to cost savings, in this case it was felt that the 
potential cost savings were minimal compared to the risk and development effort 
involved in the new design over the previously utilized method.   We suggest proceeding 
cautiously with such a change.   In final detailing we urge the designers to minimize the 
number of parts and use readily available hardware to minimize costs.    

 

3.0 ES&H considerations of presented design:  

The level of details presented on ES&H issues was minimal for all aspects of the project. 
Those issues should be really addressed in detail in work procedures for both the BCAL 
and FCAL assembly and installation. The committee felt that care should be taken on the 
following items concerning assembly and mechanical design work and suggests the 
following: 

¥ Crane handling of BCAL modules after assembly. 

¥ Truck shipment of modules. 

¥ Finite element analysis of BCAL and FCAL support structures. 

¥ Installation procedures of  BCAL modules and FCAL Pb-glass stacking. 

The committee felt that safety considerations on the DAQ part were satisfactory such as 
those presented on the high-voltage and low-voltage distribution system besides plans for 
grounding and shielding. 

 


