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• Main physical mechanisms

• Description of several. interesting devices

• High frequency front-end electronics

• Small segmented counters

• Bidimensional position-sensitive single-gap counters

• Large area

• Practical difficulties to be addressed for future applications

• Crosstalk

• Ageing

• Tails

• Background

• Rate capability

Plan of the Presentation
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Timing RPCs – General features

• Several (~4) thin (~ 0.3 mm) gas gaps

• Atmospheric pressure operation

• Both charge and time readout

• Offline correction for time-charge 
correlation.

Time-charge correlation

1-2 ns

∼100 ps

Electronics
rise time

Detector-related
(not yet fully understood)

Experimental
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Basic physical mechanisms

2 main questions: 
How can we reach 50 ps σ resolution in a gas counter?
How is it possible to reach efficiencies of 75% in a 0.3 mm gas gap?
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Time resolution-principles

cathode

i

i

anode

0
vti t i eα=

 = ( )p t
N e

( )−  − e
( )−τ

τ
( )BesselI ,1 2 e

( )−τ
N

( ) − eN 1 e
( )−τ

N

 = τ α v t

[Mangiarotti and Gobbi, 2001]

n0eff=i0d/(ev)

 = ( )p i0
e v N e

( )−i0
( )BesselI ,1 2 i0 N

d ( ) − eN 1 i0 N

τ

Monte Carlo

i0



CBM2002@GSI 6

Time resolution-principles

[Mangiarotti and Gobbi, 2001]
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Time resolution-theory vs. measurements

Single 0.3mm gap
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The efficiency problem
There should be at least one cluster 
in the efficient region of the gap 
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F.Sauli
CERN 77-09

C4H10

C2F4H2

50 60 70 80

CH4

[Fisher, NIMA238]

L(cm-1)

The efficiency problem-cluster density data

[Finck, RPC2001]

0.1 mm gap in C4H10

Experimental

Lmin

Lmin

No contribution from cathode
(would also provide an effect to 
explain the t-q correlation)Calculation

(HEED)

Use this data

[Riegler, RPC2001]
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The efficiency problem (maybe solved)

Large values of G0 must be assumed (much above the Raether limit of 108).
Possible by an extremely strong avalanche saturation effect (space charge effect).
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Some hardware
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Timing RPCs – Small single counters (9 cm2)

3σ

2 268 49 47t psσ = − =

Resolution of the
reference counter
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ε= 99.5 % for MIPs
(75%/gap)

-HV

4x0.3 mm gaps

Aluminum Glass

(optimum operating point ⇒ 1% of discharges)
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Timing RPCs – Array of 32 small counters

σ = 88 ± 9 ps ε = 97 ± 0.5 %
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Crosstalk < 1%
(not tested for multiple hits)
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Very high frequency front-end electronics 
based on commercial chips

Amplifier-discriminator-delay
module

Pre-amplifier based on the 
INA-51063 chip (HP/Agilent)

• 2.5 GHz bandwidth
• 20 db power gain
• 3 dB noise figure
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Double readout 4-gaps glass-metal counter
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Timing RPCs – Large counter
Active area = 10 cm×160 cm = 0.16 m2

(400 cm2/electronic channel)

5 cm 4 timing
channels

1,6 m

Top view Cross section

Ordinary 3 mm 
“window glass”

Copper strips

HV
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Timing RPCs – Large counter

Charge distribution Time distribution
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Timing RPCs – Large counter
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Timing RPCs – Large counter
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Position resolution along the strips
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Timing RPCs – single gap 2D-position sensitive readout

X leftX right

Time signalHV

XY readout plane

Y-strips
(on PCB)

R
C

 passive netw
ork

RC passive network

X-strips
(deposited on glass)

out left

out right

10 strips for each
coordinate 

at 4 mm pitch

4 cm

2 mm thick black glass 
lapped to ~1µm flatness

Well carved into 
the glass 
(avoid dark currents 
from the spacer)

300 µm thick high ρ
glass disk (corners)

metal box (no crosstalk)

Precise construction

(for small and accurate TOF systems)
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Charge distribution Time distribution

Time resolution of single-gap and 
4-gap counters may be similar!
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Timing RPCs – Single gap

Efficiency and time resolution

σ = 50 to 60 ps
ε = 75 to 80 %

No influence from XY readout
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Bidimensional position resolution
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Timing RPCs – single gap

Edge effects?
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Timing RPCs – multilayer
4 layers of single-gap chambers

σ = 50 ps @ ε = 99 %
3 σ Tails=1.5 %
300ps Tails=0.20%

Single layer of 4-gap chambers

Layer ε = 75 %, σ = 60 ps +

π + 1% K @ 300 ps

3 σ Tails=1.4 %
300ps Tails=0.0%

-1000 -500 0 500 1000
10

0

10
1

10
2

10
3

Time difference (ps)

E
ve

n
ts

/1
0p

s

-1000 -500-300 0 300 500 1000
10

0

10
1

10
2

10
3

10

Time difference (ps)

E
ve

n
ts

/1
0p

s

Events=51215

4

σ = 32 ps 
ε = 94.9 % 

-300 0 300 500
0

50

100

Time difference (ps)

E
ve

n
ts

/1
0p

s

-300 0 300 500
0

20

40

E
ve

nt
s/

10
ps

Time difference (ps)

tail-dominated

M.C.

Experimental



CBM2002@GSI 27

Open problems
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Channel “A”

Neighbouring
channel “B”

The subtle crosstalk problem
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The crosstalk problem – main approaches

1 – Do nothing and hope
the problem is small or 

correctable offline

2 – Accept crosstalk and use 
many more channels than 
strictly needed. 

3 – Shield channels and try to 
totally avoid crosstalk

None of these approaches has been proven so far 
(as of Nov 2001)

+ Robust performance.
+ Testable in the lab.
- Segmented mechanics.

+ Simple and economic
+ Being massively implemented

(ALICE, STAR)
- Possible fragile performance

+ Good 2D position resolution
- Expensive
- Effective granularity must be 

defined by testing
- Possible fragile performance.
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Ageing in streamer mode glass RPCs (BELLE)
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Ageing in avalanche mode glass RPCs?

• 3 glass cathode and 3 aluminium cathode counters
• Gas: (85% C2H2F4+10% SF6 +5%C4H10 ) + 10% rel. humidity

Glass cathode

Aluminium cathode
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Integrated charge (mC≈108 avalanches)

Test in progress
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Tails
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Safe cure: redundancy
(in a real application counters will be imperfect)

Highly ionising background ⇒ more streamers ⇒ lower rate capability
⇒ lower resolution

Problem was not studied so far. Severity unknown.
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Rate capability – Standard RPCs

Streamer mode < 300 Hz/cm2

Avalanche mode < 3000 Hz/cm2

Typically max. rate corresponds to an efficiency drop of a few percent
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Rate capability – Special RPCs

Drift gap

Amplification gap

Resistive anode on a metal base
ρ=107 Ω cm

Wire meshes 
(50 µm wires at 0.5 mm pitch)
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3.5 mm

microRPC

[F
on

te
19

97
]

[C
ar

ls
on

 e
t a

l, 
N

SS
20

01
]

1.0E+04

1.0E+05

1.0E+06

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06

Counting rate (Hz/mm2)

E
ffe

ct
iv

e 
ga

in

N0 = 200 e-

=

Metallic (PPC) limit

Si plate ρ=104 Ω cm
-HV

0.1-0.5 mm

PPAC

microRPC

PPAC

107 Hz/cm2

Gain 5×104

Future GSI experiment



CBM2002@GSI 35

• Main physical mechanisms – mostly understood except t-q correlation. 

• Several interesting devices have been sucessfully tested with σ <100 ps
and very small tails or edge effects

• Small segmented counters.

• 2D position-sensitive single-gap counters.

• Large area counters.

• Practical difficulties to be addressed for future applications

• Crosstalk – several approaches proposed, none proven.

• Ageing – tests in progress, no problem so far. 
If problem: avoid water, freon or glass cathodes. Use chemistry to 
avoid formation of fluoridric acid.

• Tails – redundancy should solve any problem if really needed.

• Background – severity unknown.

• Rate capability – solutions should exist up to ~105/cm2.

Conclusions


