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New Trends after Wire Detectors 

• Resistive Plate Chambers (RPCs)--Good time resolution

• Variation of RPCs (mRPC, gRPC)--Fast timing, High rate capability 

• Micropattern Gas Detectors (MPGDs)--Good spatial resolution 

• Variation of MPGDs (GEM, MICROMEGAS)--High rate + Spatial resolution
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Principle of Operation of RPC
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Comparison of Model with Data

JKPS,  Vol. 45, 2004, page1490-1499
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RPCs as Muon Trigger Detectors
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CMS RPC requirements
Categories Requirements

Time Resolution ~1ns

Efficiency >95%

 Rate Capability ~2kHz/cm2

Noise Rate 0.5 ~ 5 Hz/cm2

Strip Multiplicity 1.5 ~ 3.0

Mean Avalanche Charge 2.5 ~ 5 pC

Charge Threshold 200fC

Resistivity 1~6 x10^10 ohm cm

NIMA 508, 147 (2003)
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CMS FRPC Prototype in 1998
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CMS FRPC Prototype
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CERN Beam Test at GIF in 1998 
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More Prototypes for CMS FRPC in 1999
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CMS FRPC for the  Gamma Ray Image
NIMA, 533 (2004) 144-148
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At CERN   

      Cosmic tests for the new RPCs at the site in the ISR  
      (used for the previous detector assembly and tests)  
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RE1 in ! < 1.6 
RE1/2 & RE1/3 : 144 RPCs 
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Current CMS RPC System
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LHC Long Shutdown Plan
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Forward RPC Upgrade Project
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GAP Production for Upgrade at KODEL
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HPL arrived at KODEL
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HPL for RE4/2 CMS FRPC 
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Applying the same procedures and tools 
used for the CMS Forward RPCs  

1.  Graphite coating for RPC electrodes         
   - Silkscreen method   
   - Surface resistivity of electrode ranges 

from  
     50 to 200 k!/square  

Electrodes from Silkscreen Coating 
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Electrodes Coated with Graphite 
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  PET film coating for protection of graphite electrodes     
   - 1 layer of 200 micron PET film,  Ethylene Vinyl Acetate base glue          
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3.  Gap assembly    

  - multi-layered metric tables and shelves 
for the assembly and glue curing   

  - Glue curing time : 24 hours   
  - Glue : DP460, 3M production  
  - Selection of spacers : 2 mm +/- 20 µm  
  - Use spacer jigs for the location of spacers  
    Accuracy of positions < 1 mm 

Gap Assembly 
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Leakage and Pressure Test  
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KODEL Robot Checking Leakage and Spacers  
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Pressure Test Results from KODEL Robot   
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Oiling for curing noises  

  - Linseed oil + heptane 
    (Ratio : 40 % + 60 %)  
  - Polymerization with air  
     Rate : 60 – 100 liter/h/gap   
     Period : 72 – 96 hours  
     Humidity : 40%  
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Packing and Shipping from KODEL  
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Three Assembly Sites  
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Limits of Current Double-Gap RPCs  

From Archana’s talk
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R&D for High Rates  
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Multi-Gap RPC R&D
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 4-gap RPC 

10 mm  !

25 mm  !
Edge spacer ! PET two layers  

~  0.40 mm !
Graphite !

Strips with 20 mm pitches !

HPL~ 1.0 mm!

0.65 mm ga
ps " !

0.2 mm PET " !

0.65 mm ga
ps " !

0.66 mm  
thick spacers " !

 6-gap RPC 

Saturday, March 17, 2012



50

Cosmic  
muon test 
without  
gammas 
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MPGD in Running Experiments
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Micromegas and GEM 
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 NewFlex Visit 
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1) Base Material 

  : Nippon Mining & Metals, Kaneka PI, NPI 2MIL 5um Cu 

2) Cr Layer Remove 

  : Potassium Permanganate, 65℃, 1min (65g/L) 

3) PI Etchant 

 :  Ethylene Diamine55%, Water 45%, 70g/L KOH 

 : Temperature : 64~66℃ 

 : Treatment time : 140sec 

Specification 
1) Cu Diameter : 70±5um  

2) Uniformity : ±2um (Panel �) 

2) PI Diameter : 55±5um 

Test Condition 

GEM Production 

Saturday, March 17, 2012



57

Saturday, March 17, 2012



58

GEM Production
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Conclusions

1.  Lessons from the past invaluable 
2.  Value the students participation 
3.  We were hungry and foolish. 
4.  We are ready to move to upscope. 
5.  We will be in the high eta area. 
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