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CHARGE TRANSMISSION 
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ION FEEDBACK  
GRIDDED PARALLEL PLATE 
(MICROMEGAS):  

P. Colas et al, Nucl. Instr. and Meth. A535(2004)226 

FIELD RATIO 

100 µm gap 
50 µm pitch 

Ar-CH4 97-3 

100 µm gap 
17 µm pitch 
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ELECTRON TRANSMISSION THROUGH GEM 

Diffusion 
losses 

Transmitted 

Collected GAS 
DEPENDENCE 

GEOMETRY 
DEPENDENCE 

F. Sauli, S. Kappler and L. Ropelewski,  
IEEE Nucl. Sci. Symp. NS-50(2003)803  

Foil-HoleØ/pitch 
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TRANSVERSE DIFFUSION OF ELECTRONS IN GASES (1 BAR):  

Computed with MAGBOLTZ  
S. Biagi,Nucl. Instr. And Meth. A421(1999)234  
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GEM IONS TRANSMISSION  

Avalanche 

Top GEM 
losses 

Feedback 

DRIFT TO FIRST GEM   

BETWEEN GEMS  

F. Sauli, S. Kappler and L. Ropelewski,  
IEEE Nucl. Sci. Symp. NS-50(2003)803  
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MULTIGEM STRUCTURES: 
COMPLEX INTERACTION OF 
GEOMETRY, FIELDS, DIFFUSION 

MOST IONS BACKFLOW FROM LAST GEM:  
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A. Bondar et al, Nucl. Instr. and Meth. A496(2003)325  

MULTIGEM STRUCTURES: 
GAS, GAIN AND GEOMETRY DEPENDENCE  

GAS 

FIELDS 

HOLE DIAMETER  

DRIFT 



SLIDE 10 ION FEEDBACK 

M. Killenberg et al,  
Nucl. Instr. and Meth. A530(2004)251  

HIGH MAGNETIC FIELD: 
ION FEEDBACK REDUCION  

HIGH MAGNETIC FIELD: 
REDUCED TRANSVERSE DIFFUSION 
--->  INCREASED ELECTRON TRANSMISSION 

Aachen-DESY GEM TPC:  
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SPILL STRUCTURE AT ILC:   

950 µs  200 ms 
In A-CH4 90-10:  
EDRIFT = 150 V cm-1  w-

 (electrons):  6 cm µs-1     w+(CH4
+): 2.9 µm µs-1   

TPC, 2 m long:  
    Total collection time: electrons ~ 40 µs ;   ions ~ 0.7 s  

Δt=200 ms 

60 cm 

ENDCAP DRIFT 

0<t<950 µs  
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DRIFT 

TIME EVOLUTION OF ION CLOUD 
TRIPLE GEM DETECTOR   

T=1 µs 

T=1 ms  

T=70 µs  

CH4
+ IONS IN Ar-CH4 90-10:  µ+=1.9 cm2V-1s-1  

~ 3 kV cm-1  150 V cm-1  

~ 3 mm 
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ION GATING: NOT WITH WIRES (STANDARD TPCs) TO AVOID ExB DISTORTIONS  

PULED WIRE MESH 

T=Q2/Q1  

E2/E1  

1 

1 0 

150 Vcm-1  

EQUAL FIELDS: POOR TRANSMISSION 

300 Vcm-1  

3 mm 

6 mm 

~ 200 V  

GRID PULSE TO CLOSE GATE:  

1 ms 

150 Vcm-1  

DIFFICULT FOR LARGE AREAS  
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MESH TRANSPARENCY:  

P. Everaerts, L. Ropelewski and F. Sauli, in progress (2006) 

THIN 

MIDDLE 

THICK 
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A BETTER SOLUTION: GEM GATE  

150 Vcm-1  300 Vcm-1  

GEM ELECTRON TRANSMISSION:  

GEM SEGMENTATION: 
STRIP LINES --> CLEAN PULSING  

F. Sauli, L. Ropelewski and P. Everaerts, Nucl. Instr. and Meth. in press(2006)  

COMPASS GEM (31x31 cm2)  
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GAS EFFECT:  
LOW VOLTAGE GEM GATE 

HOLE DIAMETER EFFECT:  

A WIDER HOLE, LOW VOLTAGE (10 V) GEM SEEMS A GOOD CHOICE FOR TPC GATING  

F. Sauli, L. Ropelewski and P. Everaerts, Nucl. Instr. and Meth. in press(2006)  

TO BE VERIFIED IN MAGNETIC FIELD 

10 V/50 µm ~ 2 kV/cm! 
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DC ION GATE  
ELECTRONS AND IONS TRANSVERSE DIFFUSION: 

OFFSET GEM PAIR: 

F. Sauli, L. Ropelewski and P. Everaerts, Nucl. Instr. and Meth. in press(2006)  

ELECTRON TRANSMISSION 

ION BACKFLOW 
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GEM SCANNER:  

MICROMETER  

X-RAY BEAM  

CURRENTS VS POSITION:  

THICK GEMS: 300 µm HOLES/800 µm PITCH  

R. Chechick et al,  
Nucl. Instr. and Meth. A553(2005)35  

F. Sauli, L. Ropelewski and P. Everaerts,  
Nucl. Instr. and Meth. in press(2006)  

FIF REDUCTION BY ~ 50% FOR OFFSET HOLES 

2 mm GAP 
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FORWARD TRACKER IN CMS  

40 HALF-MOON TGEM CHAMBERS 
IN FOUR GROUPS OF 10 

M. Bozzo et al,  
Conf. Records IEEE Nucl. Sci. Symp. 
(Rome 2004) 
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TOTEM TRIPLE GEM CHAMBERS  
4-SECTORS GEM:  

STRIPS-AND-PADS READOUT BOARD:  

FIRST PRODUCTION CHAMBER (30 cm Ø):  

50 CHAMBERS IN CONSTRUCTION IN HELSINKI  

256 RADIAL STRIPS (400 µm PITCH)  
1560 PADS (3x3 TO 7x7 mm2)  
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CYLINDRICAL GEM DETECTOR  (NA49 UPGRADE)  

COMPLETED TRIPLE GEM, 30 cm Ø  

CERN-PH-DT2-DD  
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RADIAL GEM TPC FOR BONUS (JLAB)  

H. Fenker, private communication 

http://www.jlab.org/~hcf/bonus/Bonus_RTPC/thumb_index.html 
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TWO-MASK PROCESS  

REQUIRES ~ ± 2 µm ACCURACY IN THE  
ALIGNMENT OF THE TWO MASKS 
POSSIBLE WITH PLASTIC MASKS UP TO 
~40x40 cm2 

FOR LARGER SIZES: GLASS MASKS  

METAL ETCHING 

POLYMER ETCHING 

Produced by Rui De Oliveira (CERN-TS-DM) 

 

OFFSET HOLES: CHARGING UP  

STANDARD DOUBLE-CONICAL GEM 
MANUFACTURING:  
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SINGLE MASK PROCESS: 

FIRST METAL ETCHING 

POLYMER ETCHING 

SECOND METAL ETCHING 

CONICAL GEM: HOLES 110/65 µm   

J. Benlloch et al, IEEE Trans. Nucl. Sci. NS45 (1998)234 
A. Bressan et al, Nucl. Instr. and Meth. A434(1999)321 
S. Bachmann et al, Nucl. Instr. and Meth. A438(1999)376  

Produced by Rui De Oliveira (CERN-TS-DM) 

CONICAL GEMS 
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CONICAL GEMS: GAIN STABILITY (CHARGING UP):  

GAIN AND DISCHARGE PROBABILITY ON 5 MeV α
TRIPLE CONICAL GEM, NARROW TO WIDE:  

P. Everaerts, L. Ropelewski and F. Sauli, in progress (2006) 

HIGHER VOLTAGE REQUIRED  
WORSE GAIN UNIFORMITY OVER AREA (WORSE HOLE DIAMETER TOLERANCE) 
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TRIPLE CONICAL GEM RATE  CAPABILITY 

GAIN VS RATE (8 keV X-RAYS): 
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