
Kondo GNANVO 

University of Virginia 

Large Size GEM Detectors for 12 GeV Program 

in Hall A at JLab 

 Gas Electron Multiplier (GEM) Detectors 

 

 GEM Detectors in 12 GeV Programs in Hall A at JLab 

 

 New Developments in Large Area GEM  

 

 Industrial Production Facilities 



GEM Detectors Principle 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

GEM foil 
Strong E field in holes, 

~ 70kV/cm 

 Charged particle ionizes gas in the drift 

volume 

 Primary electrons drift to the GEM holes 

following the E-field lines 

 Electron multiplication the foil because of 

the strong E-field in the holes. 

 Use two to three layers in cascade for a 

high gain (up to 105 in triple GEM) 

 Readout board collects charge  Various 

designs possible  Pads, Strips, 2D 

patterns Pixel,  

 Position resolution depends on gas, 

geometry, and readout 

F. Sauli, Nucl. Instrum. Methods A386(1997)531 
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GEM Detectors Performances 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Expected max. collected charge 

in GEp = 0.5 mC/mm2/y 

Altunbas et al. 

NIMA 515 (2003) 249 

High rate capability 
COMPASS 2D readout 

(~70 mm resolution) Aging effect 

New high luminosity, high precision experiments asking for a new breed of tracking detectors to 

 High rate environments (MHz/cm2) 

 High position resolutions ( < 75 μm) 

 Large areas ( 10s – 100s of m2 with new technological breakthrough) 

 Robustness and stability with stacking two or 3 GEM foil (low discharge probability) 

 Ex: CMS, Jefferson lab Super-BigBite and SoLID, EIC, ILC… 

GEMs provide a cost effective solution for high resolution tracking under high rates 
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GEM Detectors in Experiments 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

STAR FGT (Forward 

GEM Tracker):  6 

triple-GEM disks 

Muon Tomography 

@ Florida Tech 
COMPASS: (3-2-2) Triple GEM @ CERN 

Cylindrical GEM Tracker for  

KLOE @ DAPHNE (Frascati, Italy) 
GEM Tracker for LHC TOTEM  

experiment @ CERN  
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GEMs in the 12 GeV in Hall A at JLab 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Choice of the MPGD technology 
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GEMs in the 12 GeV in Hall A at JLab 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Large luminosity 

Moderate acceptance 

Forward angles  

Reconfigurable detectors 

Large size GEM detectors for two big 12 GeV Experiments in Hall A 

Super BigBite Spectrometer @ JLab 
SoLID Spectrometer @ JLab 

• General Purpose Deep Inelastic Scattering  for 

Parity Violation 

• will be used in different configurations for 12GeV 

PVDIS and SIDIS experiments 

• SBS recently received DOE approval 

• Spectrometer for  high luminosity experiments to 

measure nucleon form factors  

• SIDIS and DIS 
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SBS GEM Trackers 

 50 x 40 cm2 modules are assembled to form  

larger chambers with different sizes 

 Front Tracker: Six 40 cm x 150 cm2 GEMs 

• INFN Funding: to be  built in Italy (E. 

Cisbani, Roma, Catania) 

 Back Trackers: Eight 50 x 200 cm2 GEMs 

•  40 to be  built in Univ. Of  Virginia 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

×6 

18 modules 
In Italy 

40 modules 
In Virginia 

×(4+4) 

Back Trackers 

Front Trackers 
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SBS GEM Design  
(E. Cisbani, INFN Rome, Italy) 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 
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 Large GEM module with small dead area  

 Low material budget/Light Structure 

 APV25 Electronics (By INFN Italy) 

 Modular design & Flexible configuration 
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SBS GEM UVa Prototype 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

 We just completed the first UVa SBS GEM prototype 

 First prototype by Cisbani (Rome, Italy 2010) 

 The prototype is been tested (very preliminary) 

 Cosmic data with APV25/SRS electronics.  

 Assembly of the second prototype just started 

Stretcher concept 

from LNF / Bencivenni et al. 
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APV25-MPD Electronics 
(E. Cisbani, INFN Rome, Italy) 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Main features: 

 2 “active” components: Front-End Card and VME64x custom module (MPD=Multi Purpose Digitizer) 

 HDMI Copper cables between front-end and VME 

 Optional backplane acting as signal bus, electrical shielding, GND distributor and mechanical support 

 Developed by INFN, manufactured by a commercial company 
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HDMI Cables 

Passive  

backplane 

GEM readout                           APV 25 Front End Card                      MPD  = ADC + APV controller 



SoLID Collaboration 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

• CO2 gas Cerenkov detector: Temple U. 

• Heavy Gas Cerenkov: Temple U. 

• EM Calorimeter : W&M, UMass, JLab, 

Rutgers, Syracuse 

• GEM detectors: UVa, Miss State, W&M, 

Chinese Collaboration (CIAE, Huangshan 

U, PKU, LZU, Tsinghua, USTC), UKY, 

Korean Collaboration (Seoul National U) 

• Scintillator: Chinese Collaboration, Duke 

• MRPC: Tsinghua Univ., Duke 

• Electronics: JLab 

• DAQ: LANL, UVa and Jlab 

• Magnet: JLab and UMass 

• Simulation: JLab and Duke 
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 4 GEM layers 

 120 GEM modules 

 Largest GEM module 

100 cm x (20-38) cm 

 Total area ~ 23 m2 

Outline of a GEM Module 

GEM Tracker in PVDIS configuration 



Large Area GEM R&D 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

45 cm 

9
9

.5
 cm

 

22 cm 

SIDIS 

PVDIS 

 EIC R&D funding at UVa for a large 

area GEM for Forward Tracker 

 Chamber size very similar to largest 

SoLID GEM and for CMS high Eta 

Muon Upgrade 

 Seth Saher (UVa undergrad. student) is 

already working on the design 
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Common R&D for various projects  



APV25-SRS Electronics 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

 Scalable Readout System (SRS) 

 Portable readout system developed by RD51 Collaboration (CERN)  

 Successfully tested with APV25 chip  ( many users and experiments) 

 APV25 cards, 1 ADC board, 1 Data Concentrator board 

 Data transferred through Gb Ethernet via UDP  (ALICE DAQ ) 

 Common platform for different chips  (Bettle, VFAT, VMM1) 

GEM1 

 X-strips 

GEM1 

 Y-strips 

GEM2 

 X-strips 

GEM2 

Y-strips 



The currently un-instrumented high- RPC region of the muon endcaps 

presents an opportunity for instrumentation with a detector technology that 

could sustain the radiation environment long-term and be suitable for 

operation at the LHC and its future upgrades into Phase II: GEM Detectors 

GE1/1 in YE1 nose 

GE2/1 on 

back of YE1 

Large area CMS GEM R&D 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 14 



Large area CMS GEM R&D 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 15 

Framed GEM foil for GE1/1 prototype I  GE1/1 prototype II  

4 ns time resolution with a 

new gas mixture 

Extensive R&D by CMS Collaboration over many years:  

 New Geometry (3-1-2-1) triple GEM with Ar/CO2/CF4 to 

achieve 4 ns timing resolution 

 Participate in the development with RD51 Collaboration of 

the single mask technique for large area GEM 

 NS2 technique for faster and spacer free GEM assembly 

 Contributing in the development of the VFAT/SRS Electronics 



New Developments: Double Mask Technique 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Before:  

- Starting with 50 μm Kapton, 5 μm Cu both sides 

- Photoresist coating deposition,  

- First masking,  

- exposure to UV light 

- Metal etching,  

- Kapton etching 

- Second masking 

- Metal etching and cleaning 

Double mask technique and raw Kapton roll 

width (~ 550 mm)  Maximum size of 40 × 40 

cm2 active area for GEM detectors 

16 



New Developments: Single Mask Technique 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Now:  

- Starting with 50 μm Kapton, 5 μm Cu both sides 

- Photoresist coating deposition, single mask  

-  Hole opened with metal and Kapton etching, bottom 

side metal etching, with top side metal is preserved 

with cathodic protection technique 

- Kapton etching  cylindrical or bi-conical shaped hole 

- Further metal etching to form a small rim and 

eventually to reduce the copper thickness 

Single mask technique and wider Kapton roll 

(~ 615 mm)  Can go up to 200 × 50 cm2 

active area for GEM detectors 
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New Developments: No Stretch No Spacer 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

GEM foil Stretching process No glue! ..closed detector 
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K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

 Gains, spark rates etc. well studied for this 

combination of resistors. 

 Nominal operation = 4.1 kV (Test at 4.3 kV) 

 If there a spark in the bottom GEM, DV for other 

GEMs increase by only about 6 V.  A spark in the 

other foils has negligible effect.  

New Developments: compact HV Divider 



GEM Production: @ CERN 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 20 



GEM Foils Production: Industrial Production 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 21 

 Technology transfer from CERN to New Flex for single mask GEM production 

 Already able to produce small (10 × 10 cm2) GEM foils  

 10 foils produced with very good results 

  Gradually trying larger area GEM foils 

 GEM license agreement signed by NewFlex in March 2012 

New Flex, Seoul, S. Korea 

Gain comparison CERN vs. New Flex GEMs 



GEM Foils Production: Industrial Production 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 22 



GEM Foils Production: Industrial Production 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 23 



The RD51 Collaboration at CERN 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 



The RD51 Collaboration at CERN 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 



Summary 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

 GEM detectors to play a big role in Hall A Spectrometers for JLab 12 GeV 

 Large area GEM no longer an issue  

 

 Univ. of Virginia and INFN Roma to build the SBS Tracker GEMs 

 One prototype built at UVa, taking data right now  

 

 Big collaboration with many Chinese institutes for the SoLID GEM project 

 Would benefit from the latest development from RD51 Collaboration at CERN 

 Common design and protoying with major proposals for HEP or Nuclear 

Physics experiments involving GEM (CMS, EIC …) 

 

 We are looking forward for a fruitful collaboration  

 Willing to welcome graduate students (or undergrad. Student) for a couple of 

month at UVa to get some training in our Clean Room on assembly of large area 

GEM chamber  



GEM Team @ Univ. of Virginia 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

 Senior Research Scientist: 

 Prof. Nilanga Liyanage 

 Dr Vladimir Nelyubin 

 

 Research Scientist: 

 Dr Kondo Gnanvo 

 

 Graduate Students: 

 Kiadtisak Saenboonruang  

 small GEM tracker, analysis, SBS prototype assembly 

 Undergraduate Students 

 Taylor Sholtz  

 Drawings for the stretcher and new GEM design 

 Seth Saher  

 Design for SoLID large GEM prototype 



Backup 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 



GEM & SRS Electronics @ UVa 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

Flexible adapter  from Panasonic to 

APV25-MPD Electronics 

Trackers setup with 4 GEMs 

• APV25 SRS Electronics 2048 channels 

• Position resolution of our chambers 

• Setup will be used to characterize the large SBS GEM prototype 



APV25 Readout time 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

 Buffer length 192 samples : 4.8 us  Look back 160 samples 

 32 samples reserved for event readout  

  Look back 160 samples  4 us 

 

 APV readout time :  

t_APV = 141 x number_of_sample / 40 MHz  

 

t_APV (1 sample) = 3.7 us. 

 

Max rate APV front end :   

270 KHz in 1 sample mode 

90 KHz in 3 samples mode 

Will be triggered by coincidence trigger around 50 KHz 

 

 



K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

The GEM Foil Stretcher 

 UVa Stretcher device upgraded from Benciveni 

(LNF. Italy) and Cisbani (Roma, Italy) 

 Improvement  Foil is stretched in less than 30 min 

 7 Load cells with max tension of 23 kg over 13 cm 

 Various tension test on mock foils at 0.25kg/cm, 

0.35kg/cm, 0.75kg/cm 

 Monitoring displays of the measured tension 

T = 0.35 kg/cm 

Stretched & framed GEM foil 



X/Y strips readout board 

K. Gnanvo  - Hadron 2012 Beijing, China, 16/07/2012 

ZIF connectors 

Panasonic connectors 

 COMPASS readouts   

 (1280 top strips, 1024 lower strips) 

 2 different designs for the connectors 

 One original board design with ZIF connectors (E. 

Cisbani, Roma, Italy) 

 Two modified design with Panasonic connectors  

and additional copper grounding (K. Gnanvo, UVa) 

Copper layer for grounding 

UVa 10 × 10 cm2  

Triple-GEM 


