
Research Technique Seminar, Fermilab, December 1, 2009 



GEM THGEM 



3	
  



4 











θ	





Uncoated	
  	
  
MSGC	
  

“Conduc0ve”	
  MSGC	
  







60 % 

40 % 



14	
  

S1 S2 S3 S4 

 e- 

 e- 

I+ 



4/5/09 





4.5	
  ns	
   4.8	
  ns	
  

5.3	
  ns	
  9.7	
  ns	
  



33 cm 





Read-out board 
4 layers PCB 

Frame	
   Frame	
  



ageing:Ar-­‐iC4H10	
  	
  94-­‐6%	
  	
  up	
  to	
  24.3mC/mm2	
  

	
  10	
  years	
  LHC	
  

1	
  

0.8	
  

0.6	
  

0.4	
  

0.2	
  







Pad readout plane  

20x24 cm2 GEM modules 

GEM 

Horse Shoe 
Card 

VFAT Hybrids 

11thCard 

Electronics cooling HV cables 

Coincidence 
Chips  



Readout	
  plane	
  +	
  mesh	
  all	
  in	
  one	
  
Micromesh	
  
5µm	
  copper	
  

Kapton	
  50	
  µm	
  

Readout	
  pads	
  

An	
  I.	
  Giomataris	
  and	
  R.	
  De	
  Oliveira	
  idea	
   Lower capacitance 
Under development 

Entries  210428
Constant  3.862
Mean      5.682
Sigma     0.2776

Energy [keV]
0 2 4 6 8 10

]
-1

 k
eV

-2
 c

m
-1

dN
/d

E 
 [s

0

0.5

1

1.5

2

2.5

3

3.5

4
Entries  210428
Constant  3.862
Mean      5.682
Sigma     0.2776

X-Energy
0 500 1000 1500 2000 2500 3000

Y
-E
ne
rg
y

0

500

1000

1500

2000

2500

3000

Entries  184838
Integral   1.848e+05

0

20

40

60

80

100

120

Entries  184838
Integral   1.848e+05

E1_vs_E2_run_111027



0.7 mm 

0.3 mm 

0.4  mm 



27	
  



+ 
- 

+ 
- 











gas 



GEM THGEM 





36	
  





60 cm 





WEIZMANN 

TRIESTE 



stable detector behavior  
at gains approaching 106"

Itʼs the gain of a PMT!"
anode	
  

driP	
  THGEM	
  1	
  

THGEM	
  2	
  

Etransfer	
  

THGEM	
  3	
  



6	
  keV	
  X-­‐ray	
  

104	
  

42	
  







45	
  



46	
  

Window	
  

DriP	
  electrode	
  

GEM	
  stack	
  
Pad	
  Plane	
  	
  
Support	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

&	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Media-­‐

Distribu]on	
  

Cooling	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Support	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

&	
  LV-­‐	
  Distribu]on	
  

Front-­‐End	
  
Electronic	
  

Shielding	
  Cover	
  
	
  &	
  	
  

Read-­‐out	
  Plane	
  



3	
  mm	
  

2	
  mm	
  

2	
  mm	
  

2	
  mm	
  

Cathode	
  

GEM	
  1	
  
GEM	
  2	
  

GEM	
  3	
  

Anode	
  

Read-­‐out	
  

47	
  



Field Strenght 

GEM 

Micromegas 

















SACLAY	
  setup	
  Bonn	
  setup	
  

INFN	
  setup	
  (June)	
  

GEM	
  &	
  Micromegas	
  Telescope	
  

COMPASS	
  setup	
  




