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Simulation of Avalanches

¢ Monte Carlo C/C++ program
using ROOT framework

¢ Divide gas gap into several
steps

¢ Create primary clusters

= Mean free path A; cluster size
distribution [HEED]

¢ Let electrons multiply and drift
towards the anode Eo

¢ Include space charge effect

m Calculate dynamically the field
E of the space charge at each step E;>E,
where electrons are multiplied V

. o(E), n(E) IMONTE 4.5] #

s Vp(E) [MAGBOLTZ 2]

¢ Usediffusion
m D;and D, [MAGBOLTZ 2]
¢ No photons St —
Eps T Ew .

e Induced charge: qind = . f — v (t) g; dt
i=0 /0 Vu

I =
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Geometry

¢ Cylindrical coordinates
® X,Y,Z p, ¢ =coordinates of point |!*
of observation ‘ ; T
e X,y',Z,p', ¢ =coordinates of =3 =P
charge | - z=g
. R [ Bt R & Z=E
e D, g, qdefine thickness of layers g2 | Q
5 z=0
el |
R = |F - FI)F = : z=q
= [:.13‘ — 17!:]9 + (y - yf)g + (Z - z!)? x:}g’l }f:}?’ -
. _ ' ) .
= p9 — pr’cosm‘) — o)+ P Lt (2 — zr)i

P+ + (2 — 2"
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Static Electric Fields in an 26.11.2001
Infinite Plane Condenser with
Three Homogeneous Layers

Q 1 (50 —&3) (g1 —£2)

P 0, 2) — [ + B
(P ¢ ) 4’11'52 \/PE—l—(z_zf)Q (£2+83)\/P2+(29—Z—Z’)2 (51+52)\/P2—|-(Z—|—z")2
1 oo R(7,z,2") P
+ (=1 ¥ 22) (22 F 22) j;) dr Jo(kP) D) 1, 0<2<g
D(k) = (e1+ex)(en+e3) (L—e 2FTDY — (51 —5)(ep +23)(e72F — e 270)

— (e1+e2)(en —23) (e (Fm9) — 728 (aH9)) L (o) — e5)(en —e3)(e7 2 — e 2 (FHaT))

R(r;2,2") = (e1422)%(en F£3)* [en(T2p—20t:=) 4 on(—2p—29—2+)]
—(e1 4+ e2)? (g3 —£3)? ei(—4g9—2g+2+2") —4eq en(en 4 £3)2 o —2g—2—2")

—(e1—22)? (s +23)? (275 — (12 — 257 (ep —23)” & (TH9HeH)

+ (512 . 822) (62 + 83)2 [_eﬁ:(—Zp—Eq—z—z’) + eh‘.(—?p—l—z—z;) + eﬁ:(—?p—z—f—zi)]
—4 (512 — 522) epeg ef(m22044) 4 (e) 4 ap)Pepeg (72 )
+(eq — 82)2 (&_22 _ 832) en(—?g—z—z’) + deqes (822 _ 832) eﬁ:(?g—?p—?q—z—z;)

+(e1 +£2)? (522 — 832) [—er(—20-29+2—2") _ or(~20-2¢—2+7) ter(=29—2p—29+2+2")]
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-+ 512 — 822 522 _ 532 em(—?g—?q—z—z‘r) _ en(—?g—kz—z") _ en(—?g—z—l—z") +e”(_29_2?3+z+zf)]
[
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Static Electric Fields In an
Infinite Plane Condenser with
Three Homogeneous Layers

¢ Closeto the resistive plates,
the deviation from the
solution of a free point
charge becomes important:

|(E-Efree)/Efree|
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The charge distribution in the gap

¢ Put charge in gaussian w(p', o, )"

o= Dt \_./zf — 2

2" = spot of formation of primary cluster

EZ(P: ":.ﬁ: o, =z, zf) —

2m poo _BCD(pcrth’ Z'r) ,
f ! 1 4 = ! f ! !
fD fD e(p',0,2") 5% p 8pdo

¢ Field at spot z:

gapwidth p . p p
B.(x) = Eo+ | 4(=") E:(p, 6, 2, 20z

Steps
~ Eg+ ) @ Buz 22! -
i=0
p=¢=20 g = charge at 2/
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Avalanche Simulation; Snapshots

¢ No longitudinal diffusion ¢ Include longitudinal diffusion
¢ Space charge reduces the drift
velocity
‘Cl:::'?e Development | positive ions Charwge Development
T T T . . 10
: : : negatlve 1ons .
g0
electrons %
--------------------------------------------------------------------- zg,’m”

-l

.....................................................................

—
=

(]

_____________________________________________________________________

number of char
= (=)
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Avalanche Simulation; Snapshots

¢ The space charge reaches ¢ Electrons that reached anode
sufficient value to hinder growth lower the field right before the
of avalanche = more or less anode
linear growth ¢ At final stage only attachment;
¢ Electron cloud is lengthened almost no movement
longitudinally + Note the huge suppression
factor
‘Charge Development Charge Development
10 : — Field = 60% lower
Ew” bt Ol gy < 05 Vp = 0
jﬁmﬁ U S S U D
2
gm? ....................................................................
"Em“ .............................................................
'Emﬁ ______________________________________________________________
g
B T o1 N SO O
1.;:|:3 .............................................................
102 ...............................................................
[ ST 4 SO SR S (X SRR
1 |t A SUSUEI (S S
10_1 i Lo i Lo i L1
0 20 40 60 80 100
step
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Anode Streamer; Snapshots

26.11.2001

¢ Some events show exploding electric field:

¢ after a certain time in saturated mode the field at the head of the
avalanche grows extremely fast

|Charge Development | ‘Ion configuration and Ez in gap at end ofsi_qnall
10" 10’ — ; .
&g’ ‘E F| positive ions
L £l electrons
o e e A
g 7 W | E:fieldin gap
_510 = | .
£ s[| effective a
Sy =
10 w o E T T .
b = E
2, s L2
E10 al
E 10 e e

10°

-----------------------------------

L e S

------------------------

.....
o

0 20 40 &0 80 100 120 140 160 180 200 220

step
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Simulation of Timing RPCs

V'S 03 mm gap’ 2szm glass (8 e 8) |Ion confiquration and Ez in gap after electrons left gap
* Cz F4 H2/ I'C4H10/ SFG (85/5/10) E || positive ions """"""""""""""
¢ Use monTe/ maceoLTz for calculation of o, 1, £ || Efieldingap [/
Vp! J M —
‘Townsendi Attachment Coeflicients, Driﬂvelocilﬂ I T
1(14j ------
03; : 77777777777777777777777
02; R O ST S SO S
0 20 44 60 80 100

Position in gap step

=
T

Signal Shape; 2800V/.3mm
0.2

alpha os eta [Vfmm] // VD [mmips]
T -I‘I III_‘
=

ey
=
—
L2

TTTT

— By
E-3

m
TTT T T

2 i i i L
10 1 1 1 1
0 10000 20000 30000 40000 50000
Field [V/mm]

induced cuerentdpCiws]

¢ top right: electrons just left gap; ions did
not move at all (E,= 9000 V/mm)

= Highest field: 1.28 x E,
= Lowest field: 0.22 x E,

¢ bottom right: Typical signal [pC/ns] UMM e sl
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ADC Spectra of Timing RPCs

¢ Induced fast charge charge spectra |

Efficiencies at 10fC
Threshold:

2300V: 12.5%

2500V: 48%

2800V: 68.3%

3000V: 75%

see previous talk [Werner
Riegler]

¢ peaks at >1pC correspond : : . | i
to Anode Streamer: ez e

..................................

*

counts/10{C

_______________________________________

2800V: 0.5% S s HEE

-------------------------------------------------------

3000V: 10% S A O Mt SO

_____________________________

¢ Without space charge gEEpngnnnaa gy

________________________________

effect the average induced SRR A SR BRSSO

charge at 3000V would be 02 0 02 04 06 08 -
4105pC induced electron charge [pC]
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ADC Spectra of Timing RPCs 26.11.2001

¢ Total signal charge and shape of spectra match experimental
results very well

¢ taken from “High Resolution TOF with RPC's", P. Fonte, V. Peskov, LIP-2000-

04
Standard mixture

2300V | | 10§ 0.3 mm
g [ = 2500V W=2800Y - Eff = 73.18%
g I {2800 v
£o°lL.. W=2E00Y - Eff = 55.1%
o oIt
] i 7 — —

i = 0l V=2300% - Eff = 18.26%

102 ;E jufugagel

1 E: sIIGfE:
N O O o IO I O O | O SN o
0 1 2 3 4 5 6 7 10

total signal charge [pC]
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Charge Correlation with Timing 26.11.2001
RPCs

¢ Correlation of total signal charge and fast induced charge shows
upward curving also observed in experiment

¢ taken from “High Resolution TOF with RPC's", P. Fonte, V. Peskov, LIP-2000-
04

Standard mixture
0.3 mm

(Charge Correlation
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Simulation of Trigger RPCs

|Iun configuration and Ez in gap after electrons left gap |

¢ 2mm gap; 2x 2mm bakelite (¢ = 10), gas:

¢ Use vonTe/ maceoLTz for calculation of a, n, [| 2¢'4 negative ions
Vp ! t | E;field in gap
:10 E 1 1 1
|Townse|ld1’ Attachment Coefficients, Driftvelocity | E B
10°L
1
? 10°,
E E
= i
g 10 E : : : 3
:_E"1 1 : | I| i L i L i 1 i
= 0 50 100 150 200 250 300
:a Position in gap step
z
2 0.4 -
o 5.35
10_2_ i 1 i L i 1 i 1 i 1 i 1 i L ‘:Eo.s
0 5000 10000 15000 20000 25000 30000 35000 40000 3
Field [V/mm] -2.25
Eo.z
¢ top right: electrons just left gap; ions did 015/

not move at all (E,= 5000 V/mm)
m  Electric field deviates by less than 20%.

¢ Dbottom right: Typical signals [pC/ns]
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Simulation of Trigger RPCs

¢ Fastinduced charge spectra
¢ D;=180[um/cm] and D, = 120 [um/cm] (1.5 times the with maGcBOLTZ
simulated values)
¢ Efficiencies at 100fC Threshold: 9.9kV: 75%; 10.2kV: 97%; 10.5kV: 99%
¢ Streamer: 9.9kV: 0%; 10.2kV: 18%; 10.5kV: 85%
not observed in reality
¢ tryto vary the o and n curves
- 10.2 kv
":J:. S
10 IR SN { N O S SN N
10° i— -------------------------------------------------------------------
10 :_ __________________________________________________________________
| 200 T O T T
| h H o_llllillllillllillllill ill—l‘—ilﬁ-lﬂl_l\lr—il—hll
0 1 2 3 4 5 0 L] 10 15 20 25 30 35 40Q
induced fast charge [pC] total signal charge [pC]
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Analytic solutions for Weighting

fields
¢ Analytic expression for the
weighting field (z-component) 2 , | | T
of a strip electrode : : § - z=p
¢ Allows calculation of induced 83; | g
signals and crosstalk in 3 oy ; | -
layer RPC geometries — § § 7=0
¢ D(x) has been defined on slide 4 81@ — z=q
x:—lwf2 xIZO x;wﬂ
2 foo _ w
E.(x,z) = Vqeq —f dr cos(k z) sin(k —) Fz(k, z)
T JO 2
N
with 5
o
S
Z
Fo(k, z) = _%[(E2 + £3) (e—n<q+z) + E—mizpﬂ—z)) _ %J
(52 _53) (E_HCQ+EQ_Z?J —|— E—H(2p+q—2g—|—z)) ] EI
@)
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Conclusions

¢ An analytic expression for the field of a point charge in a RPC
was presented.

¢ An extensive avalanche simulation program for RPCs was
presented as well.

¢ The efficiencies and the average avalanche charges of 0.3 mm
gap timing RPCs can be explained by a huge suppression factor
caused by space charge effects.

¢ The shape of ADC spectra of 2mm gap trigger RPCs can also be
explained by space charge effects. A lot of streamers = need
further investigation.

¢ The analytic solution for the weighting field of a strip electrode
was presented.

¢ The simulation assumes only physical parameters predicted by
MAGBOLTZ, IMONTE and HEED and matches the data very well.

RPC 2001, Coimbra Christian Lippmann, CERN 17



