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Muon trigger for HL-LHC

Eventually, will need to replace current RPCs...
● Lifetime 100kHz/cm2 for 10 years
● Rates in HL-LHC will increase sevenfold

In the meantime, we can extend their lifespan...
● Increase number of layers
● Fill the blind spots 
● New coincidence requirements

→ each RPC has less work 
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The BI project 
INFN/University of Roma Tor Vergata, Rome, and MPP, Munich

SYSTEM EFFICIENCY @

VARIOUS COINCIDENCE REQUIREMENTS

BENEFITS

1. Close acceptance holes

2. Loosen coincidence requirements
➔ Improve efficiency at same HV
➔ Reduce HV of legacy RPCs 
➔ Extend system longevity

96 new sMDT-RPCs (1410 m2)

16 new sMDT-RPCs (150 m2)

Require only 2/4 coincidence from BM RPCs  

...and mitigate aging by reducing workload.

2019-20:

2024-26:
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New sMDT-RPC chambers

BIS8 RPC TRIPLET

BIS78 sMDT
Covered in other talks
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BIS78 RPC triplets

RPC principle: the resistive plateRPC principle: the resistive plate

Stops avalanche development but is 
transparent to fast signal
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transparent to fast signal
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2.5 mm 

4mm gas

2.5 mm

2.5 mm

4 mm gas

2.5 mm 

2.5 mm

4 mm gas

2.5 mm

Standard RPC BIS78 RPC

Gaps per chamber 2 3

Power consumption 30 mW 6 mW

Technology GaAs BJT Si + SiGe

Gap width 2 mm 1 mm

Operating voltage 9600 V 5800 V

Charge x hit 30 pC 7 down to 3pC

Electrode thickness 1.8 mm 1.2 mm

Time resolution 1 ns 0.4 ns

 η  

    φ  
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BIS78 RPC triplets

GAS INLETGAS GAP
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GND

FRONT END
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Test setup at H8

● Test beam: Muons and energetic pions (no background)
● Scintillator-triggered TDC data
● Time recorded to nearest nanosecond (close to intrinsic RPC resolution)

● With several layers collecting data we will achieve subnanosecond resolution

RPC

Coincidence Scintillators

Muons
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Efficiency

● Nominal voltage 5.6kV

● Efficiency plateau begins 5.4kV

● Resolution gains to be had by operating a little higher...
scintillator
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Time resolution

● 0.557/√2 = 0.394 ns down from 1.1 ns 

● Principally thanks to thinner gap, thinner electrodes

● No walk correction, temperature/humidity correction applied

G. Aielli et al 2016 JINST 11  P07014

(Voltage sweep data to come...)
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Cluster size

● Optimal cluster size ~2

● Steady growth as gas gain increases

● Spatial resolution at 5.6kV:
● 13.5 mm unweighted, 11.3 mm weighted

                  

μμ

α x
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Spatial resolution

● Weighting cluster position by time over threshold (dark gray)

● Resolution of less than half a strip width

weighted

unweighted

weighted

unweighted

weighted

25
Strip 
width

~~
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Summary: Results of voltage sweep

● Singlet efficiency above 95% at nominal voltage

– Plateau begins as low as 5400V 

● Mulitilayer coincidence around 80% of the time

● Cluster size just big enough for strip redundancy

● Time resolution improved by a factor of 3

● Spatial resolution half a strip width

catriona@mpp.mpg.de
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End
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End



20.03.2018 15

RPC development

Pure phenolic glass 

4mm foam plate

Separates gas volume

 from pickup

4mm foam plate

Separates gas volume

 from pickup
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Effect of thin electrodes

● qind /Q = 1/(1+2t/εr g) relates charge induced on an electrode qind to its thickness t

● (Q is the total charge in the gas, g is the gas gap)

● Signal attenuation proportional to t

Low εr spacer

25 mm

GND
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The aging process

https://doi.org/10.1016/j.nima.2006.05.130
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New strip panel layout

● Replacing the milled PET film by Fiberglass photo printed skins + Forex strip panel

3mm

Photo printing process

Photo printed circuit board
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Data flow
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Radiation background

Neutron flux [kHz/cmq] Photon flux [kHz/cmq]
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