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1 DAQ

1.1 Summary

This chapter summarizes the SoLID DAQ pre-R&D activities for the first quarter. The

pre-R&D activities started at the beginning of 2020, while the full budget was approved on

February 20, 2020.

The five main on-going tasks (A-E) for this pre-R&D are:

• A) GEM VMM3 readout high rate testing to determine trigger rate capability, behavior

with pile-up and readout performance

• B) GEM APV25 readout high rate testing : show that 100 kHz trigger rate is achiev-

able with existing readout hardware developed for SuperBigBite (SBS)

• C) FADC developments for fast readout and triggering

• D) Beam test of gas Cerenkov readout with analog sums and MAROC chip

• E) Time of flight using the Hawaii NALU sampling chip

There were four milestones by the end of the first quarter. Three (A1, D1 and E1) have

been completed. For the fourth (C1), the work is on-going, while another milestone C2,

which is scheduled to be completed by October 1, 2020, has been completed. Details are

described in the next two sections. A digital trigger was developed and tested briefly with

beam. GEM and FADC readout developments are making good progress with remote work

albeit slowed down by lab closing. For the second quarter we expect a delay in the schedule

due to the suspension of laboratory operations because of the COVID-19 pandemic.

1.2 Milestones

1.2.1 GEM testing milestones

A) VMM3 We will study the behavior of the VMM3 in high background and the maximum

trigger rate that could be achieved.

Milestone Objectives Expected Completion Date Status

A1 Finish development of VMM3

direct readout

A1 April 1, 2020 Complete

A2 High rate testing with detector November 1, 2020 Started

A3 Optimized VMM3 setup for

maximum data rate

March 1, 2021 Started
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The VMM3 evaluation boards were ordered February and delivered April 5, 2020. We

expect a few more weeks of testing to learn how to use the board. Ed Jastremzki (JLab

fast electronics group) has powered the board and taken data with the provided software.

Actual testing with a detector will be slowed down by the lab closure, so milestone A2 will

be delayed.

B) APV25 To test the feasibility of reusing electronics from SBS to reduce electronics

costs, we will determine if the existing electronics can reach a trigger rate of at least 100

kHz.

• Milestone B1, June 1, 2020 : while the intrinsic specs of the chip should allow 200

kHz trigger rate using one sample, some development is needed to determine if this

is achievable with the existing electronics from SBS. The task involves enabling the

APV25 buffering and optimizing the data transfer of the readout.

• Milestone B2, October 1, 2020 : Determine rate limits of the APV25 trigger and test

in a high occupancy environment.

Milestone Objectives Expected Completion Date Status

B1 Finish development of fast

APV25 readout

June 1, 2020 Started

B2 Determine maximum rate

achievable with APV25

October 1, 2020 Not started

A scheme to readout the APV25 using the INFN board MPD through the optical link has

been designed and is being tested for up to 24 MPD modules using the SSP module, developed

for Jefferson Lab pipelined electronics, at data rates up to 200 MB/s. The development of

a faster readout using the VTP module has started, it consists primarily of designing an

adapter board to route signals from the MPD module (which reads out the APV25 chips)

to the VTP processor module. This allows parallel readout of the boards. Data from the

VTP is transferred to a host computer on a 10 GigE link (1.25 GB/s). The milestones B1

and B2 are expected to have some delay due to the lab closure.

1.2.2 DAQ test stand and rate tests

C) DAQ
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Milestone Objectives Expected Completion Date Status

C1 Development FADC readout

through VXS

April 1, 2020 On-going

C2 Testing PVDIS trigger func-

tionalities and rate capability

October 1, 2020 On-going

C3 PVDIS trigger test with two

sectors

February 1, 2021 Not started

C4 Test SIDIS trigger March 15, 2021 Not Started

Milestone C1 was delayed to support Cerenkov test run. The fast FADC readout through

VXS has started beginning of April and is expected to be first tested by the end of June

depending when lab operation is resumed.

D) Cherenkov readout

Milestone Objectives Expected Completion Date Status

D1 Setup FADC crate for

Cerenkov sum testing

February 15, 2020 Complete

D2 Record beam data using sum

and FADC

April 15, 2020 On-going

D3 Record beam data using

MAROC readout

May 15, 2020 Started

Milestone D1 was achieved at beginning of March with the digital trigger implementation.

Cosmic ray data and a few hours of beam data were collected before the suspension of

operations at the lab. More details are in the Cerenkov section. The MAROC boards were

built by our INFN colleagues and the board were shipped to Jefferson Lab. These will be

tested when work resumes at the lab.

E) Time of flight

Milestone Objectives Expected Completion Date Status

E1 Acquire and setup AARD-

VARC evaluation board

February 1, 2020 Complete

E2 Acquire data of scintillator

with beam

May 15, 2020 On-going

E3 Complete analysis and deter-

mine achieved timing resolu-

tion with AARDVARC and

compare to FADC resolution

February 15, 2021 Started
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AARDVARC evaluation board is available but can only accommodate a short timing

window of 12 ns at the moment which will not be suitable for the time-of-flight scintillators

used for the test, so we decided to loan an ASOC board for the test. FPGA boards were

ordered to drive the ASOC board. The board and software were operated successfully

meeting milestone E1 but testing with detector could not be done because of the laboratory

shutdown. E2 will most likely not be achieved due to the lab closure and will be replaced

by testing with a high rate radioactive source, which will be carried out once laboratory

resumes operations.

1.3 Budget / spending summary / procurement

Budget ($) Obligated ($)

Material 227,300 65,480

Personel 372,700 79,291

Total 600,000 144,771

Table 1: Budgeted and obligated funds summary (includes overhead)

To date funds have been used to purchase 2 VXS crates, a trigger distribution card, a

VME CPU, hardware for the VMM readout test stand, cables to be used in GEM tests and

an AARDVARC evaluation board. Labor funds have been used to contract postdoc support

from a collaborating university. NALU has agreed to loan Time-Of-Flight readout boards.
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2 High Rate Test of MaPMT Array and LAPPD Using

a Telescopic Cherenkov Device

2.1 Summary

The Telescopic Cherenkov Device (TCD) was built and delivered to Jefferson Lab. All

electronics readout were designed and produced. Cosmic-radiation tests, calibration, and

initial data collection were performed in the experimental Hall-C. Progress was made toward

completion of the project, with two of the four proposed milestones reached. Preliminary

analysis of the data collected is very promising. Mandatory COVID-19 closing of Jefferson

Lab may affect the proposed timelines for completion of the remaining milestones. We

expect to continue with data collection when the lab reopens and resumes operation with

beam delivery to the hall.

2.2 Project Milestones

Milestone Objectives Expected Completion Date Status

1 Construction and delivery of

Cherenkov tank to Jefferson

Lab.

Early January 2020 Complete

2 Cosmic testing and installation

into experimental hall.

Mid February 2020 Complete

3 Collection and analysis of low

and high rate data with elec-

tronic summing-board.

End of Year 2020

(+2 Month Contingency)

In Progress

4 Collection and analysis of high

rate data with MAROC elec-

tronics.

End of Year 2020

(+4 Month Contingency)

Not Started

2.3 Budget / spending summary / procurement

To date funds have been used to purchase all the materials to construct the Cherenkov

prototype tank with pressure controls, all connectors and cables for reading out signals of

64 channels from MaPMTs or LAPPD, mirror, 16 MaPMTs, wavelength shifter coating,

radiator gas, MAROC readout boards and their cabling. Funds have been used for the

mechanical engineering design and machining as well as electrical engineering support, travel

and transport of the prototype from Temple to Jefferson Lab.
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Budget ($) Obligated ($)

Material 210.0 124,736

Personel 240.0 31,376

Total 450,000 156,112

Table 2: Budgeted and obligated funds summary from both Temple and Duke for the

Cherenkov prototype (includes overhead)

2.4 Construction and Delivery of Cherenkov tank to Jefferson Lab

The Cherenkov tank, components frame, and pressure system were assembled at Temple

University and then delivered to Jefferson Lab on March 13th, 2020. A summary of assembly

and components delivered are listed below:

• The primary Cherenkov tank was assembled from 14” diameter PVC-pipe, and machine

cut to the required dimensions. Inside the tank felt flocking was attached to minimize

secondary reflections. Additional apertures were added to allow valves and gas flow,

sensors, and an LED test light source. Large circular gaskets were added to secure the

removable electronics housing boxes.

• Aluminum windows and PVC window frames were machined and pressure tested.

• Flat elliptical mirrors were constructed from carbon-fiber bases and Lexan reflective

film. The primary mirror was mounted inside the tank and aligned to reflect light

incident down the central ray of the tank onto the center of the photon detector array.

The mirror assembly is shown in Fig. 3.

• All sixteen MaPMTs were coated at Temple University with the wavelength-shifting

chemical p-Terphenyl.

• Two PVC electronics housing boxes were assembled, one for MaPMT with simple sum

readout and one for LAPPD. Each housing box required 80 to 96 bulkhead BNC or

SHV hermetic feed-through adaptors. Each housing box was designed to maintain

structural and hermetic integrity while allowing detachable access plates in order to

access the enclosed electronics.

• An electronics summing board was designed by the Jefferson Lab Detector Group and

tested by the Duke University group. The board allows simultaneous readout of 16

MaPMTs, with separate signal from each quadrant of each MaPMT and the summed

signal from the four quadrants. Additional cabling and low voltage power assemblies
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Figure 1: The PVC tank and 80/20 cradle assembled at Temple University before delivery

to Jefferson Lab.

were provided by Temple and Duke Universities. An image of the 16 MaPMTs con-

nected to the summing board can be seen in Fig. 6.

• A detector cradle was designed and assembled from 80/20 and machine cut aluminum

to hold the tank and provide mounting points for the calorimeter blocks, scintillator

planes, lead block shielding, and patch-panel and cable housing. The tank and cradle

assembly is shown in Fig. 1.

• A pressure regulation system was assembled from a gauge pressure manometer, two

solenoid valves, a desktop PID controller with laptop interface, and the required ca-

bling.

The assembled tank was tested for pressure tightness at Temple University before delivery to

Jefferson Lab. All items were then transported to the experimental staging building (ESB)

at Jefferson lab where DAQ assembly and cosmics testing was then completed (see below).

The dimensions and specifications of the tank are shown in Fig. 2.
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Figure 2: The Cherenkov tank design, as delivered to Jefferson Lab. The schematic shows

both the electronics housing box for the MaPMT summing board and the housing for the

LAPPD electronics.

Figure 3: The Lexan and carbon fiber assembled mirror, before installation into the

Cherenkov tank.
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Figure 4: (left) Pixel GEN II-LAPPD coated with wavelength shifter was installed in housing

ready for swapping with MaPMTs. (right) The 8 × 8 array 25 × 25 mm2 pixel readout board

attached behind the LAPPD, the pixel size is exactly the same size as a quadrant of MaPMT.

2.5 Electronic Readout Design and Bench test

For the three photosensors and electronic readout systems of the TCD, we have worked on

the design and bench tested all of them. The simple sum readout board of the MaPMT

was designed, produced and tested before installing it into the TCD. The MaPMT with

MAROC sum readout was designed, produced and delivered to JLab just before the COVID-

19 shutdown. We will continue its test when JLab reopens. And the LAPPD was designed,

produced and tested. It is ready to be installed onto the TCD. The details are the following.

• MaPMT with simple sum readout

The JLab Detector Group designed the simple sum board to read out four quadrants

of one MaPMT with each summing 16 pixels. Then the 4 signals are also summed

into one total sum which accounts for all 64 pixels. The 5 signals allow us to use

one MAPMT with two levels of spacial resolution at the same time. With the help

from the JLab fast electronic group, the Duke group carried out the test of a sample

board for one MaPMT using a laser at a well maintained JLab test stand for MaPMT.

The resulting sum of four quadrant signals matches the total sum signal and all signal

shapes are good for Cherenkov readout. Then a larger assembly board was made to

read out all 16 MaPMTs. It was tested with all 16 wavelength shifter coated MaPMTs

model H12700-03 to confirm the performance before being installed into the housing

box of the TCD.

• MaPMT with MAROC sum readout

The MAROC electronics used in the CLAS12 RICH detector can read out each of the

64 pixels of an MaPMT and save the digitized information. It has three boards, namely
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an adapter, a MAROC, and an FPGA boards. The JLab fast electronic group and

INFN Ferrara group helped design a sum board inserted between the MAROC and

FPGA board to read out the four quadrants and the total sum, similar to what the

simple sum board does. This allows three levels of spacial information of one MaPMT

to be recorded simultaneously. The Duke group did the test on a sample board before

the boards were produced in Italy under the INFN Ferrara group’s guidance. The

boards arrived at JLab in the middle of March 2020 just before the lab shutdown. We

will continue the test once JLab reopens. The electronic housing box for the MaPMT

with MAROC sum readout was designed by the Duke group and its fabrication will

be finished once Duke University reopens.

• LAPPD with pixel readout

New technology that has a high tolerance to the magnetic field is under consideration

as an alternative for the photosensors of the SoLID Cherenkov counters. The MCP-

PMTs with pixel readout are developed at Argonne and Incom. We set up a 20 × 20

cm2 GEN II-LAPPD loaner to be tested in the TCD. Argonne group had the GEN II-

LAPPD attached to an 8 × 8 array 25 × 25 mm2 pixel electronic board, which is exactly

the same pixel size as the MaPMT quadrants for direct performance comparison. We

coated the LAPPD with wavelength shifter for enhanced UV range Cherenkov photon

detection and installed it in the LAPPD housing with all electronics connected. The

LAPPD is ready to be swapped with MaPMTs for beamline testing once JLab reopens.

2.6 Installation, assembly, and cosmic testing in the ESB at Jef-

ferson Lab

The following is a brief description of the work completed. Please see the appendix for a

more detailed summary.

• The Cherenkov tank with two scintillator planes and 9 calorimeter modules were as-

sembled in the ESB at Jefferson Lab. The detector package set up for bench tests with

cosmics can be seen in Fig. 5.

• The MaPMTs were connected to the digital summing board and installed into the

electronics housing box, before being attached to the Cherenkov tank. An image of

the 16 tiled MaPMTs can be found in Fig. 6.

• All scintillator bars/PMTs were gain matched using a 60Co source.

• The Cherenkov MaPMTs were gain matched initially using single-photoelectron traces

on an oscilloscope, and later using random triggers once the installation in Hall C was
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complete.

• All calorimeter blocks/PMTs were gain matched with cosmics by forming coincidences

with two scintillator bars placed under and above the calorimeter blocks to ensure the

cosmic radiation fully traverses the length of the relevant block.

• Tests with cosmics of the entire detector package were performed to verify the DAQ

configuration and to sanity check all the detector channels.

Figure 5: Picture of the Cherenkov test stand as assembled in the ESB building at Jefferson

Lab.

2.7 Installation in experimental Hall C and low rate data collec-

tion

The following is a brief description of work completed. Please see the appendix for a more

detailed summary.

• The detector package was secured onto the test stand designed at ANL and built at

JLab. The device was then installed in the large-angle, low-rate configuration in Hall

C on the Super High Momentum Spectrometer side, at 17 feet from the target and 75◦

angle w.r.t the beam line along the beam direction.
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Figure 6: Picture of the Cherenkov MaPMT array with the simple sum readout.

• The tank was filled with CO2 gas at 0.3 psi above 1 atm.

• Before beam arrival into Hall C random trigger events were collected to refine the

gain-matching of the MaPMTs. Gaussian fits to the charge integral distributions cor-

responding to single photo-electron signals were performed to obtain calibration co-

efficients that will convert charge integrals to number of photoelectrons for the beam

data, see Fig. 7.

• Before the shutdown of operations at Jefferson Lab due to COVID-19, two days of

beam data were collected with polarized 3He and 12C as targets and with the FADCs

in both mode-1 and mode-3.

• The response from one representative MaPMT (the sum signal only, plots of quad

signals per PMT are also available) is shown in Fig. 8 and Fig. 9. Similar plots for all

16 MaPMTs are shown in the Appendix. Preliminary analysis of the collected data

shows detector response within expectations.
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Figure 7: Plots of the integrated charge distribution per MaPMT (in pC) corresponding to

one photoelectron (data taken with a random trigger). Four of the 16 total PMTs are shown

here for example; the additional 12 PMTs are very similar in structure.

14



Figure 8: Beam data: charge integral in pC, FADC250s. Here only one of the 16 MaPMTs is

shown (sums signal only, plots of quad signals are also available but not shown). The charge

integrals from all the other maPMTs are shown in the Appendix. Different histograms are

obtained with different timing cuts as explained in the Appendix.
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Figure 9: Beam data: timing distribution in ns, FADC250s. Here only one of the 16 MaPMTs

is shown (sums signal only, plots of quad signals are also available but not shown). The peak

at 50 indicates ”good” hits in time with the calorimeter and scintillator; additional peaks

correlate to random coincidence structures in the trigger. The timing distributions from all

the other maPMTs are shown in the Appendix.
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