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DC current model

RPC with a gas gap of thickness b and resistive plate of thickness a
and volume resistivity p = 1/c

VHV z=b

lEO l 0 E=Vu/b

z=0
- z=-a
V=0

A current |, on the surface causes a voltage drop of AV = a*p*l, across
the gas gap.

An avalanche charge Q (pC) at rate R (Hz/cm?) gives a current of |,=R*Q
(Alcm?),

The resistive plate represents a resistance of a*p (Q cm?) between gas
gap and metal.

The voltage drop is therefore AV = p*a*l, = p*a*R*Q and the electric field
drops by

AE ,, = —p*a/b*R*Q
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Single cell model
M. Abbrescia, RPC2003
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Assumption. " ]

the plate surface is given by the voltage q/C which N |
is constant across the cell and decays with the N I
single time constant 1. ] |
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Comparison of the exact model to the single cell model
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z=b
Exact calculation

z=0

V=0 Z=-a

Without particles traversing the RPC the field in the gas gap is V,;,/b
and the field in the resistive plate is zero.

The charge sitting on the surface of the resistive plate decreases the
field in the gas gap and causes an electric field in the resistive plate.

The electric field in the resistive plate will cause charges to flow in the
resistive material which ‘destroy’ the point charge.

This causes a time dependent electric field E(x,y,z,t) in the gas gap
which adds to the externally applied field E,,.

The electric field in the gas gap due to high rate is then simply given by
superimposing this solution for the individual charges.
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Quasistatic approximation of Maxwell’s equations

Knowing the electrostatic solution for a material with
permittivity €, the dynamic solution for a material with
permittivity € and conductivity o is obtained by replacing €
with € + o /s and performing the inverse Laplace
transform.
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Point charges in media with conductivity

Point Charge in infinite medium of permittivity €,

1 q %q
41T-":“1 r

Point Charge placed in an infinite medium with permittivity €, and

conductivity o at t=0: q(t) = g*O(t) = q(s)=q/s

olr) =

) J' q ."':. S L ' .I. q _t fl
r';,-‘)': . s ) —. . — / N () { r. t :I — e T =
Ad7(ey +0o/s) r dweq v o

Charge is destroyed with characteristic time constant ¢./c.

Point charge on the boundary of an infinite halfspace with permittivity
€4 | | NP
O(r) = =— 4 7+\'q
27(cog + 1) 7

Point Charge placed on the boundary of an infinite halfspace with
permittivity €, and conductivity o at t=0.
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(._'.')I: .I‘. 8 ] —_— ) - : . — (_-IA)I: 75‘ T ] - - - {. : T
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Charge sheet in an RPC

Charge sheet with charge density g on the boundary between two media
with permittivity €, and g, and a grounded plate at z=-a and z=b. From the
conditions aE, + bE=0 and -¢,E,+ g,E=q we find
1G e q
(1

azg + bey fer o
=0

W%

V

E:

Charge Sheet with charge density q placed in the RPC with resistive
plate of permittivity €, and conductivity o: q(t) = q*O(t) = q(s)=qls

v aq/s G
E(s)= — E(t) =

aq ot asq + beq
, — —e
aso + b(s1 + o/s) azq + bey bo

T -
I

Current |, on the surface i.e. q(t) = I,*t > q(s)=l,/s?

11 .-"IISQ oL t —_—c 1l
E(s)=—~ . E{f)=-"(1-e7) "—FEp=22
asg + b(sy + o/s) bo bo

With |, = g*R and o = 1/p this becomes (of course) equal to the DC
model from before.
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Point charge in RPC VHV z=b
z=0
V=0 z=-a
Point charge in geometry with €, and ¢, 0
q z g [~
E.(r,z) = + - / k,z)— falk,z)| dk
( ) 2’?7(5-() + -’:'.'1) {.,.'.2 + :2]% 27 Jo [fl( ) ]
L k cosh[k(b — z)] sinh(ka) L
fulk,z) = zg cosh(kb)sinh(ka) 4+ =1 cosh(ka) sinh(kb) falk,z) = 0+ €1
Point charge placed at position r=0, z=0 at time t=0, permittivity &,,
conductivity ¢
_ £l “ S —t/Ta(k t/T1
Bu(nat) = s ey zﬂfﬂ Jolkr) | fu(k,2) e ~ falk.2) e dk

g0 + &1 (k) = =g cosh(kb) sinh(ka) + =1 cosh(ka) sinh(/kh)
o S o cosh(ka)sinh(kb)

T =
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Point charge in RPC
To(k)

8 0 cgcosh(kb)sinh(ka) 4+ =1 cosh(ka) sinh(kb)
6 T+ — -
4 . o cosh(ka)sinh(kb)
2
2 4 6 8
K
V=0 z=b
E
) aso + bey T a 220
hlll Tz(;l) _ TE] 1
k—0 bo - -
o - ’ + " a
lim 7 (k) = ote
h— a

Charge decays with a continuous distribution of time constants between 1
(charge sheet in RPC) and 1, (point charge at infinite half space).
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h Method for Monte Carlo Simulations

A single gap RPC of area A = 3*3 cm? is simulated.

For each time step (At) a new number of charges (At*R*A) is distributed
randomly on the surface of the resistive plate.

The z-component of the electric field of all charges in the resistive
plates is calculated at always the same position (center of RPC area,
center of gap or close to electrodes) at all time steps and added to the
applied field: E,,; = E, + 2. E,(r,z,t).

All charges are kept in memory until their field contribution has fallen
below 10-26 V/cm (up to 60s for Timing RPC).
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Input Parameters for Timing RPC
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i Monte Carlo for Timing RPCs
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Fluctuations of the electric field at three different z-positions in the gap.
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Monte Carlo for Timing RPCs: Results (1)
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Monte Carlo for Timing RPCs: Results (2)

Here the total avalanche charge is kept constant for all rates:
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The average field reduction
in the gap center is exactly
the same as the one
calculated from the DC
model.
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L Monte Carlo for Timing RPCs: Results (3)

Total avalanche charge decreases as the electric field decreases with rate:

L 1 l 1 1 L 1 l 1 1 1 1 I 1 1 1 1 [ 1 L 1 L I 1 L 1 L
100 200 300 400 500 600

Rate [Hz/cm?]
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i.a Letimmy Monte Carlo for Timing RPCs: Results (4)

The (local) threshold crossing time and the time resolution for a given
electric field can be calculated at all time steps during a simulation
using the analytic formulas:

to =In(Qy,,) / ( vp(a-n) ) and c¢=1.28 / ( vp(a-n) ).

Monte Carlo: Comparison to DC Modell:
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= According to this simulation the field fluctuations have a small
influence on the time resolution.
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Analytic Formulas for Mean and Standard Deviation (1)

In RPC2005 Gonzalez-Diaz et al. proposed to use Campbell’s theorem in
order to arrive at an analytic expression for the average field drop and
the variation.

The theorem states that for a signal  E(t) = > a.f(t — tn)

where a, is from a random amplitude distribution and ¢, are random
(exponentially distributed) times with an average frequency v, the
average and standard deviation of E(f) are

E = pﬁf f(t)dt and (AR = ;,;Ef F(2)2dt -
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Analytic Formulas for Mean and Standard Deviation (2)

The theorem cannot be applied to our exact solution, since the signal
shape is not constant.

We can however approximate the situation by assuming

B (r,2,t) & qBEI% (r,z) e 8™

This gives an electric field at time ¢t of

t—ty,

Ei) = anEgtat(?‘mz) e T

where q,, r, and t, are the charge, position and time of event n.
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Analytic Formulas for Mean and Standard Deviation (3)

Applying Campbell’s theorem with a flux ® of particles (v = r2m*®) we
find the average field in the gap of

FE = vgRstet / e 73 dt
0
= &g / 2ra B (r,2)drms
0
(47
This shows that the choice of 7, for the overall time constant

guarantees that the model is giving the correct average DC drop. For
the relative variance we get

AFE (z)

(Aq
E /29T Az

with an effective area of ) [, 2rn ES®t(r, 2)dr)?
4 z =
fD 2rm 5t () 2)2dr
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Comparison to Monte Carlo
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The continuous time constant makes a difference!!
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Summary / Conclusions

We calculate rate effects in RPCs by using the exact time dependend
solutions for the electric field of a point charge on the resistive plate
of an RPC.

The charges decay with a continuous distribution of time constants.
The two limiting cases are a continuous charge sheet (DC Model) and
a point charge at an infinite half space.

We present a Monte Carlo simulation for single gap Timing RPCs with
one resistive plate.

The electric field fluctuates due to the particle flux around a mean
value which is equal to the value derived with the DC Model.

The simulation suggests that these field fluctuations have little
influence on the time resolution for a single gap of the investigated
geometry.

An analytic calculation using Campbell’s theorem (Gonzalez-Diaz et
al., RPC2005) can be used to approximate rate effects.
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