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Detailed RPC Avalanche Detailed RPC Avalanche 
SimulationsSimulations

“1.5 dimensional ” avalanche simulations, update
Spectra
Mode of operation
Space charge effect and time resolution
Charge-time correlation

Detailed 2 dimensional simulations of single avalanches
Electric field
Effective Townsend coefficient
…
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Over the last years we have published several articles on RPC detector physics:

In this talk we focus on  Timing RPCs:
P. Fonte, V. Peskov et al.

0.3mm gas gaps
3mm glass, 2mm aluminum
C2F4H2/ i-C4H10/ SF6 (85/5/10)
HV: 3(6)kV ⇒ E: ≈100kV/cm
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Space Charge Effects, 1.5D SimulationSpace Charge Effects, 1.5D Simulation

0.3mm Timing RPC, HV=3kV
electrons, positive ions, negative ions,
electric field 

The 1.5D simulation was presented at the RPC2001 
conference:

[1,2,7]

complete simulation in one dimension (longitudinally)
but taking into account also the transversal spread
(diffusion only) in the calculation of the space charge
field
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Charge Spectra (Update)Charge Spectra (Update)
Example: Timing RPCExample: Timing RPC

Mean values deviate by a factor 2.Mean values deviate by a factor 2.
Reminder: This has to be compared with a factor 10Reminder: This has to be compared with a factor 1077 difference without difference without 
inclusion of SCE in simulation!  inclusion of SCE in simulation!  ⇒⇒ We consider this good agreement!We consider this good agreement!
SCE is cause of observed ‘small’ charges and of shapes of chargeSCE is cause of observed ‘small’ charges and of shapes of charge spectraspectra

[LIP/00-04]

1.5D simulation1.5D simulation

[1,2]

7GeV 7GeV pionspions, T=296.15K, p=970mb, T=296.15K, p=970mb
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Mode of Operation of Mode of Operation of RPCsRPCs

[NIM 200, 345 (1982)]

Timing RPC (simulation)

Space charge region

Wire chamber/ Geiger-Müller-counter:

threshold

Proportional Proportional rregion below thresholdegion below threshold
Large space charge regionLarge space charge region

1.5D simulation1.5D simulation

[1,2,6]

Space charge 
region
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Signal Signal RiseRise, , ComparisonComparison to to MeasurementMeasurement

CalculationCalculation withwith αα, , ηη and and vvDD
takentaken fromfrom MAGBOLTZ and MAGBOLTZ and 
IMONTE IMONTE givesgives forfor thethe describeddescribed
Timing RPC Timing RPC valuesvalues aroundaround ff00 = = 
23.5GHz.23.5GHz.

ValuesValues aroundaround 8GHz 8GHz areare
measuredmeasured! ! 
[P.Fonte, „resistive plate chambers for time 
of flight“, talk given at GSI, May 13-16, 2002]

ButBut: Simulation : Simulation withwith SpaceSpace
Charge Charge EffectEffect showsshows quitequite good good 
agreement agreement withwith measurementmeasurement..

⇒ Assumption, that signal rise is
exponential at the threshold
level, is wrong.

In In [[IEEE trans. nucl. science vol48, no4, 2001]] itit isis shownshown thatthat sendingsending an an exponentially risingrising signalsignal
throughthrough a a generalgeneral linear linear networknetwork, , thethe outcomeoutcome isis still exponential.still exponential.
ThenThen thethe valuevalue ff00=(=(αα--ηη)v)vDD cancan bebe measuredmeasured usingusing twotwo separate separate thresholdsthresholds..

1.5D simulation1.5D simulation

[1,2]
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SpaceSpace Charge Charge EffectEffect and Time Resolutionand Time Resolution
Signal Signal riserise isis affectedaffected
byby spacespace charechare effecteffect
at threshold at threshold levellevel..

ButBut: time : time resolutionresolution
(r.m.s.) (r.m.s.) isis notnot
affectedaffected!!

WhyWhy??

TheThe 10 different 10 different 
avalanchesavalanches fromfrom thethe
leftleft plotplot areare overlayedoverlayed
at at thethe right right plotplot..

TheThe growth of all growth of all 
avalanchesavalanches isis
affectedaffected byby thethe spacespace
chargecharge effecteffect
similarlysimilarly.. 1.5D simulation1.5D simulation

[1,2]

threshold
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ChargeCharge--TimeTime--CorrelationsCorrelations

simulated with electronics
4gaps, 3ns peaking time

simulated without electronics

ReasonsReasons areare mainlymainly electronicselectronics (Finite (Finite risetimerisetime of of amplifieramplifier ⇒⇒ time time 
slewingslewing).).
ButBut also (also (smallsmall) ) detectordetector intrinsicintrinsic effectseffects::

1.5D simulation1.5D simulation

[1,2]

1 gap

Zone 1: Given by threshold.
Zone 2: Signals with fast rise are NOT correlated to charge.
Zone 3: Signals with slow rise are correlated to charge.

[pC]
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22--D SimulationsD Simulations

The gas gap is divided in a two 
dimensional grid of the longi-
tudinal and radial coordinates.

We assume cylinder symmetry of 
the avalanche.

The avalanche is simulated by
dividing the development into time
steps and calculating the electric
field (longitudinal and radial
component) at every point within
the avalanche at each time step.

[1,2]

electric field of a charged ring with
radius r' at position z' :

=

=

Mirror charge rings in the
(conductive aluminium) anode are
added.

The gas parameters (Townsend coefficient, attachment coefficient,
drift velocity, diffusion coefficients) are calculated dynamically at each grid point.
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ComparisonComparison of 1.5of 1.5--D and 2D and 2--D D SimulationsSimulations
TheThe spacespace chargecharge effecteffect isis a a bitbit strongerstronger in in 
thethe 1.51.5--D D simulationsimulation. . ReasonsReasons::

1) In the 1.5D simulation, the field is calculated only
at the center of the avalanche, where the field is
strongest.

2) In the 1.5D simulation, there is no radial 
repulsion of electrons ⇒ Charge density higher.

⇒⇒ CalculatedCalculated spacespace chargecharge fieldfield isis strongerstronger
in in thethe 1.5D 1.5D casecase..

InducedInduced currentcurrent deviatesdeviates byby aboutabout a a 
factorfactor 2.2.

[1,2]

1.5D
2D

AvalanchesAvalanches werewere startedstarted withwith 1 1 electronelectron at at CathodeCathode in ain a
0.3 mm 0.3 mm gapgap Timing RPC at HV=2.8kV.Timing RPC at HV=2.8kV.
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2D2D-- Simulation:Simulation:
Space Charge FieldSpace Charge Field

The space Charge Field reaches the same order of magnitude as thThe space Charge Field reaches the same order of magnitude as the applied electric field!e applied electric field!

[1,2]
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2D2D-- Simulation:Simulation:
Effective Townsend CoefficientEffective Townsend Coefficient

within the avalanchewithin the avalanche

The effective Townsend Coefficient ranges from +3000/cm to The effective Townsend Coefficient ranges from +3000/cm to ––6000/cm!6000/cm!
2D simulation2D simulation

[1,2]
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2D2D-- Simulation: Electron densitySimulation: Electron density

In the final stage of the avalanche there is strong attachment oIn the final stage of the avalanche there is strong attachment of electrons, f electrons, 
especially in the center of the avalanche!especially in the center of the avalanche!

2D simulation2D simulation

[1,2]
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2D2D-- Simulation: Density ofSimulation: Density of
Positive IonsPositive Ions

Through electron attachment a lot of negative ions are formed atThrough electron attachment a lot of negative ions are formed at the final stage!the final stage!

2D simulation2D simulation

[1,2]
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2D2D-- Simulation: Radial Space ChargeSimulation: Radial Space Charge
Field within the avalancheField within the avalanche

The radial space The radial space 
charge field charge field 
reaches almost reaches almost 
the order of the order of 
magnitude of the magnitude of the 
applied electric applied electric 
field!field!

2D simulation2D simulation

[1,2]
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SummarySummary
Over the last three years we have systematically studied many 
aspects of RPC detector physics (See list on slide 2).

Space charge effects are very prominent in this detector.

The space charge effect is already influencing the signal rise at the 
threshold level.

The time resolution is not affected by space charge effects.

Charge-time-correlations have mainly electronic reasons, but also 
some detector intrinsic reasons.

The more detailed 2D simulation supports the 1.5D results.

Outlook: In order to reproduce streamers, photon effects have to be 
included … there is more to do!


