
GEM applications – updates for Digital 
Hadron Calorimetry and Rare Kaon 

Decay Experiment 

Andy White 
For the GEM/DHCAL/ORKA Group 

University of Texas at Arlington 

RD51 Collaboration Meeting – CERN, January 2013 



GEM DHCAL  A. White 2 

Results from RPC 
stack 

Motivation (1) 
Particle Flow Calorimetry – technology choice 
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GEM-based Digital Calorimeter Concept 
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Fe55 Source Signal 
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1 cm2 
anode 
pads 
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KPiX  Readout scheme (SLAC) 
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GEM Integration with DCAL Chip 
Goal: Enable readout of GEM/DHCAL planes via DCAL as the ultimate readout 
electronics of a 1m3 stack  Chip has been well tested with RPC DHCAL stack 
(ANL) 
• Use DCAL in high-gain mode to establish MIP signals. 
• Determined noise level for DCAL/GEM combination 
• Determined operating threshold(s) for DCAL 
• Determine efficiency/uniformity/multiplicity for GEM/DCAL 
• Understand issues of using DCAL readout system with 1m2 GEM/DHCAL 
planes in a test beam stack. 

PCI interface 
(Optical link) 

Data concentrator 

20cmx20cmD
CAL board 

*Many thanks to ANL colleagues! J. Repond, L. Xia, G. Drake, J. Schleroth, J. Smith (UTA student at ANL) and 
H. Weerts. 7 
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Fe55 

Ru106 

Good conformation to 
characteristic Minimum 
Ionizing Landau fit 
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GEM+KPiX7 Fe55 and Ru106 Spectra 
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HV=1950V, Fe55, ST=1.8V=14 fC 
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KPiX Long-term stability 

- Determine the degree of MPV variation over extended period 
 

- Monitor atmospheric pressure for corrections 
 

- Data taken on continuous basis by UTA students 
 

- Determine stability vs. probable threshold(s) for digital hadron 
calorimeter operation. 
 

- Assess whether HV operating region is sufficiently above 
threshold and away from any discharge region. 



Pressure Dependence of Gain 
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Pressure variation 4-29 
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Pressure variation 8-29 



KPiX Long-term stability 
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Plots for DCON 1 (GEM 5) 
Avg. hit/trigger:   1.334 
Avg. uncertainty: 0.028 

Stability study for DCAL chamber 
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T-1010 Experiment Setup 



Efficiencies and Hit multiplicities (KPiX) 

Preliminary results, pressure corrected 

120GeV P 
2x2cm2 

120GeV P 
2x2cm2 

19 
GEM DHCAL  A. White 

Potential operating region: 
- High efficiency 
- Low multiplicity 



Hit Map for Pions vs Pion Showers (KPiX) 

Hits above 5fC were counted and normalized to 1000 

Demonstrates the KPIX capability to take many hits simultaneously 
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Toward 100cmx100cm GEM Planes 
CERN GDD Workshop delivered the first 
5 of 33cmx100cm GEM foils in 2010  
Qualification completed!! 
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Each of the GEM 100cmx100cm 
planes will consist of three 
33cmx100cm unit chambers 

Dec. 14, 2011 



Preparation for LGEM Assembly 

1/30/2013 

Status:  
- Working with SLAC to design/produce anode 
boards 
 
- On hold due to difficulties with detector R&D 
funding 
 
- Now have secured FY13 support – complete/test 
one large chamber 



Motivation (2) 
Range Stack for Rare Kaon Decay Experiment  





Range Stack in ORKA detector 
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RS: Measure the energy, range and decay sequence of charged particles 
with good resolution 





GEM in Range Stack 

- Need highly efficient identification of the decay sequence 
 

                            π        e 
 
from pions ranging out in the stack. 
 
- The chambers must be low mass (in a previous experiment, straw 
tubes were used). 
 

- High rate experiment :   
                                              Range stack total rate   3700 MHz 
                                              Range stack per channel    1300 KHz 



GEM in Range Stack 
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 Total 30 layers 
 48 scintillation sectors in 25 layers 
 16 sectors in 5 GEM layers(Green) 
 Both ends are supported by spider-web like 

frame 



GEM design with angled shape 
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Triple GEMs with crossed strip readout structure 



Crossed strip readout structure 
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5mm and 2mm spacer frame 
thickness 



GEM in Range Stack 

- Study hit precision requirements/anode patterns  
 

- Need low mass chambers: 
         Tensioning GEM foils – without thick walls/supports? 
 
-? Build low mass ~1.9m x (5-10)cm chambers on a 
strongback…transfer  to external tensioner – no “endcaps”? 
 

- STATUS: Developing solution concepts…the simulation to test 
design and identify issues… 


