
Status of UVA GEM setup in EEL clean room

SBS Weekly Meeting, December 19, 2019 

Kondo Gnanvo

Weekly meeting for the commissioning of the GEMs every Wednesday at 10:00 am

Wiki: https://hallaweb.jlab.org/wiki/index.php/GMn_GEM_Commissioning_Meeting

UVa:   Nilanga, Kondo, Anuruddha, John, Danning

HU:    Michael, Malinga, Thir

JLab: Bogdan, Chuck, Alex, Bryan, Ole, Brad 

And many more ....

https://hallaweb.jlab.org/wiki/index.php/GMn_GEM_Commissioning_Meeting
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❖ Status of UVa GEM layers assembly in EEL124

❖ GEM Analysis Software Development

❖ Update on Front Trackers GEMs with U-V Strips Readout

❖ GEM Gas System in Hall A for the SBS Experiments
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Status of UVa GEM layers assembly in EEL124 
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Status of UVa GEM layers assembly in EEL124

⇨ 5 of all 11 UVa GEM layers: are assembled tested and validated.

⇨ 4 layers are on the cosmic stand: They have been tested to be 

working perfectly. HV tests performed regularly (not problem so far with 

any of the 16 modules). We took some preliminary cosmic data 

⇨ layer #5 is completed: sitting on the assembly table. It has passed 

the HV tests and readout electronics tests and ready to go to the 

cosmic stand when the “jacking system” is ready. 

⇨ Layer #3, #4, and #5 are assembly are final: all equipped with the 

final low voltage power distribution for the APV25 electronics, 

mechanical support for the FE cards,  final gas system, FE cards. All 

are ready for the experiment.

⇨ Layer #1 and #2 are going to be taken out for some modifications.
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Bottom trigger layer: 

4 scintillators (60 × 200 cm2)

Top trigger layer: 

2 scintillators (50 × 150 

cm2)

Layer #4

Layer #3

Layer #2

Layer #1

Layer #5 on assembly table
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DAQ and R/O Electronics, HV Power Supplies and Trigger Logic

MPD DAQ & GEM HV PS

⇨ 2 standard VME crates for the MPD electronics

⇨ 28 MPDs & 352 APV25 cards

⇨ Configured to read out 4 layers in cosmic stand

⇨ Trigger signal distribution (JLab custom module)

⇨ Wiener HV power supply crates for the GEM

⇨ 3 HV modules with 8 channels each for 5 layers in the 

cosmic stand + test of the layer on assembly table

MPD DAQ & Trigger Rack

⇨ 1 standard VME crates for MPD electronics

⇨ read out  5th layer & and layer on assembly table

⇨ 1 VXS crate Test SSP readout mode (Danning, & Ben)

⇨ 1 LeCroy PS crate for the trigger scintillators

⇨ NIM crate for the trigger coincidence logic
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MPD DAQ & GEM HV Power Supply
MPD DAQ & Trigger Rack

MPD-SSP crate

Wiener crate for HV  

3 modules 8 channels each
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Recent development in EEL Clean Room
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HDMI cable 

arrangement and 

support on the 

cosmic stand

Rearrangement of the 

gas distribution panel
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Preliminary cosmic data with all 4 layers in cosmic stand
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Layer 2

Layer 3

Layer 1

Layer 4

Low gain 

module

Low gain 

module

Mapping 

issues

Mapping 

issues

Mappin

g issues

APV25 

readout 

disabled

▪ HV on all 4 layers @ 4050 V on Ar/CO2

▪ Preliminary round of cosmic (~1.5 M triggers event

in 1.5 days)

▪ All 8 modules of layer #2 and #3 working very well,

no dead sector

▪ All 8 modules of layer #1 and #4 working very well

as well but with this run, we had some issues with

the mapping for GEM #0, #1 and #2 of layer #4

(related to 3 5-slots back planes connected

together to the same MPD) and we also disabled

the APV25 for GEM #1 layer #1 because we were

having some issues with the MPDs

▪ Low gain in GEM#0 layer#2, GEM#2 layer#1 and

GEM0# layer#4 due to known issue with these

chambers ⇨ need to operate at higher HV. A few

of our GEM modules have similar issues due to

GEM foil holes parameters we got from CERN ⇨

Not really an issue

▪ All these problems are minor issues
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GEM Analysis Software Development
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Software development for GEM data Analysis 
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Development of Standalone GEM data reconstruction and alignment macros:

⇨ Demonstration of the capabilities and performances with the existing INFN GEM cosmic data (see Andrew’s presentation at 

the SBS Weekly Meeting Nov 07, 2019: 

https://hallaweb.jlab.org/12GeV/SuperBigBite/SBS-minutes/2019/PuckettGEM_COSMIC_ANALYSIS_11_13_update.pdf

⇨ Macros currently exists : “as is” on the batch farm, in sbs work disk area at: 

⇨ /work/halla/sbs/puckett/GEM_COSMIC_ANALYSIS/ 

⇨ In this folder, 2 subfolders: “GEM_align” (containing the code) and “GEMfixNov18 (containing the decoded “hit” root files)

⇨ The relevant ROOT macros are: GEM_reconstruct.C and GEM_align.C which do exactly what they sound like they do. 

⇨ Instruction to run the macros: Need a configuration file (“config.txt” is an example for the reconstruction, “configalign.txt” is an 

example for the alignment). 

Works in progress and a lot more diagnostic plots could be added to the “Standard” list of plots, 

⇨ Not naturally set up to do yet is to chain multiple cosmic runs together for higher statistics and finer-grained efficiency analysis. 

⇨ Due to changes in HV, gas flow, and possible slight differences in alignment, to analyze multiple runs together one would like 

to be able to load, e.g., different geometry parameters for different runs, a la the usual “database” used by the analyzer. 

⇨ UVa GEMs EEL cosmic data, PREX GEMs data and Hall A UVa GEMs 2017 test beam data all expected to be analyzed with 

these macros soon to study the performances of UVa GEMs and test the robustness of the codes with different setup 

In any case, all this will hopefully go directly in the analyzer soon. 

Andrew Puckett

https://hallaweb.jlab.org/12GeV/SuperBigBite/SBS-minutes/2019/PuckettGEM_COSMIC_ANALYSIS_11_13_update.pdf
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Few Examples of INFN GEM Data Analysis
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Andrew Puckett

Efficiency ~ 95% excluding  dead area 

Residuals ~ 130 µm
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Summary of the current status in the EEL Clean Room
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Layer assembly and cosmic tests (Anuruddha, Malinga, Thir)

⇨ 5 layers assembled and tested ⇨ Everything in place for the 6 remaining layers (all parts and fixes are under control)

⇨ Need to build the “jacking system to easily move and insert layers on the cosmic stand (January 2020)

⇨ From the experience, assembly and tests of the remaining 6 layers can be done within 6 months with the same team

Set up of the new DAQ PC & Online Monitoring Tool for GEM cosmic data (John Matter)

⇨ New powerful PC for the DAQ and online monitoring of the cosmic data. Setup by Ole, Brad and Bryan.

⇨ John Matter is responsible for the cosmic data management, and the upgrade of the GEM decoder software for the online

monitoring and basic pre-analysis of the raw data to provide input for the analysis tool from Andrew

⇨ Right now, we are stuck with decoding of data with more than one VME crates within CODA (Mark Jones is to help)

Analysis of the cosmic data (Andrew Puckett)

⇨ Tremendous GEM analysis software development: perform track-based efficiency & spatial resolution analysis.

⇨ Demonstration with INFN GEM data ⇨ ~ 85% efficiency (including dead area) and 100 µm spatial resolution measured

⇨ Will provide data to Andrew from UVa cosmic setup as soon as the decoding software issue is fixed, PREX GEM data as well

as 2017 test beam in Hall A will be analyzed with Andrew’s script ⇨ a few order of magnitude higher rate than cosmic data

Development of the MPD readout with SSP mode and online data reduction i.e zero suppression: (Danning Di)

⇨ The MPD4-SSP online reduction works for up to 4 MPDs per SSP Currently testing the MPD5-SSP setup where the SSP is

expected to read up to at least 16 MPDs. There are some issue currently under investigation.

⇨ Final test of 14 MPDs, connected to 2 full UVa GEM tracking layers using cosmic to validate the development.

⇨ Test the rate limit of large scale MPD-SSP online reduction setup by turning on calibration channels on APV.

⇨ Test small scale system under X-ray. This is for double checking the accuracy (correctness) of the online reduction algorithm
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Update on Front Trackers GEMs with U-V Strips Readout   

SBS weekly Meeting 12



04/25/2019

Front Trackers GEMs with U-V readout: designs

SBS weekly Meeting 13

Motivation:

⇨ The U-V GEM: to complement the INFN GEM Layers which use COMPASS 2D straight strip.

⇨ The addition of U-V geometry enhances and complements the X-Y strips and will help with

tracking in the high rate environment.

Key Features: active area: 150 × 40 cm2, U-V strips readout (60o) stereo angle

⇨ New GEM foil production allows for the FT U-V GEM layer to be one single large module

⇨ No dead area from support frames or electronics (Other than for spacers and HV sector)

⇨ The INFN-built MPD readouts for these GEMs will be the same as for all SBS GEMs

Our Experience: UVa has a successful track record with large area GEMs and U-V readout

⇨ Large GEM with PRad Experiment (June 2016 in Hall B), similar size

⇨ U-V strip readouts with large U-V GEM for the EIC Forward GEM Trackers Detector R&D
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Front Trackers GEMs with U-V readout: Contributing Institutes
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⇨12 GEM foils (CERN) ⇨ cost of 1,800 CHF / each

⇨ 8 GEM foils by from North Carolina Central University (Branko Vlahovic),

⇨ 3 GEM foils by JLab (Thia Keppel)

⇨ 1 GEM foil by UVa (Nilanga Liyanage)

⇨4 U-V readout foil (CERN) ⇨ cost of 5,100 CHF / each

⇨ 1 R/O by University of Connecticut (Andrew Pucket)

⇨ 1 R/O by Glasgow University (David Hamilton)

⇨ 1 R/O by JLab (Thia Keppel)

⇨ 1 R/O by UVa (Nilanga Liyanage)

⇨4 Drift cathode foils (CERN) ⇨ total cost of CHF 700 CHF / each

⇨ UVa (Nilanga Liyanage)

⇨4 sets of Frames (RESARM) ⇨ Cost 7,044 Euros / set

⇨ 3 sets by INFN Rome and Catania (Evaristo Cisbani),

⇨ 1 set by Glasgow University (David Hamilton)

⇨4 Layout and Tooling (CERN) ⇨ total cost of CHF 4,400 CHF

⇨ Saint Mary’s University (Adam Sarty)

⇨Clean Room Equipment, Tooling and Manpower for fabrication

⇨ UVa (Nilanga Liyanage)

Expected delivery of first 6 

foils by mid February 2020 

Expected delivery of first 2 

R/O by mid February 2020 

Expected delivery of all 4 drifts

foils by mid February 2020 

Expected delivery of all 4 sets 

by February 2020 

Work to start in January 2020
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GEM Gas System in Hall A for the SBS Experiments
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Gas volume need for GEn BigBite + GEn-RP: most demanding in term of GEM layers

⇨6 FT layers (18 INFN modules) and 11 UVa GEM layers (44 UVa GEM modules)

⇨For 5 vol. change / h: UVa module 5 × 3.4 L = 17 L / h and INFN module 5 × 2.4L = 12 L / h

⇨Total gas flow volume 964 L / hours for 5 volume change / hours (This is for GEp V)

⇨ More likely 600 L / hours for GMn & GEn-RP

⇨Per month: ~600,000 STP liters of Argon + 150 000 STS liters of CO2

Gas Shed and Mixing System: (see following slides)

⇨ Need bigger gas shed outer enclosure⇨ Requires 7 T-size Argon and 3 K-Size Argon

⇨ Jack Segal estimate that the space available for the existing gas shed is sufficient for the gas mixture

⇨ Jack Segal has completed the design for the gas mixing system and has a detail estimated at 30k$ detail

⇨ Jack responsible of the Gas mixing system and the main 1/2-inch gas line carrying the gas down to the pivot

location in Hall A. These ½-inch lines already exist in place and will be re-purposed for this system

Gas Distribution System

⇨Detector Support Group @ JLab ⇨Marc McMullen (see next slides)

⇨The collaboration (Nilanga, Evaristo) is responsible for gas distribution system from the pivot to the GEMs

SBS & BB GEM Gas System (GEn-P configuration)
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SBS & BB GEM Gas System (GEn-P configuration)
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#6
#6

UVa GEM Modules: Total of 44 individual lines

• 4 lines to the BB spectrometer

• 40 lines in the SBS arm for Gen-RP

INFN GEM Modules: Total of 6 individual lines

• 4 lines to the BB spectrometer

• 2 lines in the SBS arm for Gen-RP
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SBS & BB GEM Gas System (GEn-P configuration)
Jack Segal’s team
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SBS & BB GEM Gas System (GEn-P configuration)
Jack Segal’s team
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Marc McMullen’s team

• The collaboration in charge for the distribution of the

gas from the pivot to the GEM layers.

• Getting support from DSG with M. McMullen’s team

• Need in gas for a fully Equipped Bigbite and SBS arms

for GEn-RP run which is the most demanding in

GEMs of the SBS experiment

BIGBITE ARM

SBS ARM

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

UVa modules

INFN Layers

INFN Layers

SBS & BB GEM Gas System (GEn-P configuration)
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SBS GEM Gas System

SBS weekly Meeting 21

Marc McMullen’s team

List of parts to be procure upon 

validation of the gas distribution 

scheme
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Summary
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UVa GEM assembly and Cosmic Setup in EEL 124 Clean Room

⇨ 5 layers assembled and tested ⇨ Everything in place for the 6 remaining layers (all parts and fixes are under control)

⇨ From the experience, assembly and tests of the remaining 6 layers can be done within 6 months with the same team

⇨ Right now, we are stuck with decoding of data with more than one VME crates within CODA (Mark Jones is to help)

GEM analysis Software Development

⇨ Tremendous GEM analysis software development: perform track-based efficiency & spatial resolution analysis.

⇨ Demonstration with INFN GEM data ⇨ ~ 85% efficiency (including dead area) and 100 µm spatial resolution measured

⇨ Will provide additional data to Andrew from UVa GEM layers for analysis and to test the macros

Update on Front Tracker GEMs with U-V Strip Readout

⇨ Design of all parts completed and production of GEMs, R/O and drift foils (CERN) and Frames (RESARM) are ongoing .

⇨ Expect to start receiving the parts by mid February 2020 and start the assembly of the first layer by end of February 2020

⇨ Several institutes participated in the payment of the parts for 4 layers to be assembled at UVa

⇨ We should be able to provide two fully tested Front tracker GEM with U-V strips to by July 2020

GEM Gas System in Hall A for the SBS Experiments

⇨ A lot of progress in the designing of the gas distribution system in Hall A for the SBS GEM layers

⇨ Jack Segal Team in charge of Ar/CO2 70/30 gas mixture to the pivot in Hall A

⇨ DSG group in charge of the distribution of the gas from the pivot to the individuals layers

⇨ Ready to start procurement as soon as they get final approval from the collaboration


