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RPCs : Gaseous detectors for  trigger of high-
energy particles 

Designed by R. Santonico in 1981 {NIMA187(1981)377}. 

Consists of thin layers of uniform gas gaps which form 
electrodes.

Materials for the RPC electrodes : high resistive plates 
to reduce spark noises  

⇒⇒⇒⇒ Bakelite, melamine, or glass plate 

Single gap RPC
Ground
Resistive 
Plate
Gas gap
Resistive 
Plate
Pickup stripsDouble gap RPC

2 mm gap RPC

1. Introductions 

RPCs for LHC : 2 mm thick double gap RPCs  

Timing RPCs for high time resolution 

⇒⇒⇒⇒ Multi-gap RPCs : gap thickness : 0.2 ~ 0.5 mm

Operation mode : 
- Spark mode (original)

BELLE (glass), Argo YBJ (HPL)  

- Avalanche mode for high rate capability 

LHC (HPL), PHENIX (HPL), All timing RPCs (glass)  

Milti-gap RPC

0.3 ~ 0.7 mm 
gap RPC



2.  Why R&D of multi-gap RPCs for CMS ?

- Higher rate capability > 5 kHz/cm2

- Aiming for future muon triggers at RE1/1 for CMS 
- SLHC requires faster trigger with higher background 

Higher rate with smaller avalanche charge
- Rate capability ~ 1 /<qe> (actually depends on <Qe>) 
- Rate capability ~ 1/ ρ (ρ : resistivity of electrode material)

Typical Timing RPCs consisting of multi-gap glass RPCs 
- <Qe> more than 10 times smaller compared to CMS RPCs 
- ρ ~ a few 100 times larger compared to CMS RPCs 
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- ρ ~ a few 100 times larger compared to CMS RPCs 
1010 ~ 1011 for CMS/ATLAS RPCs, ~ 1013 for timing RPCs

- Rate capability < 1 kHz/cm2 for timing RPCs

Then, what if multi-gap RPCs with HPLs ? 
- <Qe> ~ 10 times smaller compared to the current CMS RPCs 
- New HPL : Melamine-Phenol-Melamine → ρ < 1011

- Oiling required to reduce noises (nobody tried) 
- Expected rate capability > 5 kHz/cm2

Advantage : we can keep the current RPC technology for the CMS trigger.

Disadvantage : more difficult in the detector construction compared to the current double-gap RPCs   



Forward Region of  CMS

Forward Region CMS RPCs System

Function : L1 muon triggers
2 wings (RE+, RE-)
4 stations (RE1, RE2, RE3, RE4)
Pseudo rapidity covering 0.9 < η <2.1 (1.6)
η segmentations : 10 (6)

LowLowLowLow----ηηηη
Forward     Forward     Forward     Forward     

RPCsRPCsRPCsRPCs

HighHighHighHigh----ηηηη Forward Forward Forward Forward 
RPCsRPCsRPCsRPCs
(Plan)(Plan)(Plan)(Plan)

4444----th th th th 
station station station station 
(Plan)(Plan)(Plan)(Plan)

RE1/1RE1/1RE1/1RE1/1



Benchmark

Multi-gap timing RPCs for ALICE 
(glass, C. Williams)



ALICE timing RPCs

N. Akindinov, et al., NIMA 533 74 (2004)

Time resolution σ ~ 50 ps

Mean avalanche charge induced in the gas volume 

Typical <Qe> for 2-mm 
double-gap RPCs (CMS) 
~  100 pC

Typical <Qe> for multi-
gap RPCs ~  4 pC



Choice of R&D for future CMS RPCs ?

- Higher rate capability > 5 kHz/cm2

- Aiming for future muon triggers at RE1/1 for CMS 
- SLHC requires faster trigger with higher background 
→ Proposing 6-gap RPCs with melamine-phenol HPLs → ρ < 1011

- First oiled multi-gap RPCs (for curing noises)  

Multi-gap RPCs working in the current environment of the CMS forward RPC ?  
- Same gas system → same gas mixture 
- Same electronics → same FEE 
→ The detector characteristics should lie between the standard double-gap and the timing RPCs.



3.  Basic R&D of HPLs 

Resistivity tests for HPLs consisting of Melamine + Phenol sheets

Batch 1 
(0.5mm Melamine)

Batch 2 ( 0.5mm HPLs Melamine-
Phenol  )

Batch 3 
(1mm HPLs Melamine-Phenol)



Using simple math, we can calculate the resistivity.
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- Power supply voltage= V0

- Voltage difference from Rr= Vr  

- Area of electrode= A
- Thickness of HPL = d
- Resistance=Rr
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Coefficient for temperature-dependence (0.12/°°°°C)

- Resistivity ~ strongly depends both on temperature and humidity 

Normalization to the expected values at T=20o



4. Results



Data for batch 1-16





5.  Conclusions

- Resistivity ~ strongly depends both on temperature and humidity 

- HPL samples : successful to build low-resistive multi-gap RPCs 
Resistivity :  
Batch 1 : ρ = 3.91 ⅹⅹⅹⅹ 1010 Ω cm (σ = 1.77 ⅹⅹⅹⅹ 1010 Ω cm) 
Batch 2 : ρ = 5.13 ⅹⅹⅹⅹ 109 Ω cm (σ = 4.39 ⅹⅹⅹⅹ 109 Ω cm) 
Batch 3 : ρ = 6.94 ⅹⅹⅹⅹ 1010 Ω cm (σ = 3.47 ⅹⅹⅹⅹ 1010 Ω cm)  

⇒ ⇒ ⇒ ⇒ Able to select HPLs with resistivity in a range 1010 < ρ < 1011 at T=20o and H=50% 

- We recently manufactured 

1 oiled and 1 non-oiled 6-gap RPCs with Batch 3 HPLs (1 mm)    

to address the feasibility for the future CMS muon triggers.  


