Det ect or Physi cs of
Resi stive Pl ate Chanbers

Christian Lippmann (CERN), Werner Riegler (CERN)

Resistive plate chambers are gaseous ¢ W sinmulate Tim ng
parallel plate avalanche detectors ;
with time resolutions down to 50 ps, RPCs 1 n one and
making them attractive for trigger and four gap
time of flight applications. confi gur ati ons as
| n:
Gas Gap 0.3mm S N
L P. Fonte et. al., N M A449
Glass 2mm (2000) 295- 301
A. Aki ndi nov, P. Fonte et.
’ | al ., CERN-EP 99- 166
H P. Fonte and V. Peskov,
preprint LIP/ 00-04
Gas Gap 0.3mm Glass 3mm ¢ 0.3 mmgap(s); glass
- - resi stive plates (e=8,
HY — @ P r=2x1012 V\bn‘)
¢ CGF H/ i-CH,/ SF
=8 4" 10 6
) - (85/'5/10)

e HV: 3(6)kV, E 100kV/cm
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Si mul ati on | nput

Primary ionization: HEED (lgor Smirnov)

o
¢ Townsend, attachnent coefficient: | MONTE (Steve Biagi)
¢ Diffusion, drift velocity: MAGBOLTZ 2 (Steve Biagi)

<

Aval anche fluctuations: Werner Legler (pie Statistik der
El ekt ronenl awi nen i n el ektronegati ven Gasen bei hohen Fel dst aerken und bei

grosser Gasver st aer kung, 1960)

¢ Space Charge Fiel d: CervOPEN2001-074, "Static electric fields in
an infinite plane condensor with one or three honbogeneous | ayers*

15.11.2002; IEEE NSS Christian Lippmann



Gas Par aneters

¢ Primary lonization: ¢ Townsend Coefficient

Nunfg{?)':g d u;’t ezrgs6 pleer m ¢ Attachnent Coefficient
¢ pPo= ar, lo= : B B
. Measurenments (lines): F.Rieke et L4 po—1013nbar ) T0—296- 15K

al ., Phys.Rev. A6, 1507 (1972)
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Efficiency and Tine
Resol uti on

¢ At threshold crossing:

¢ 7CV pions (9.13 clusters/ m),

space charge effect has no

| nfl uence (for very fast anplifiers)
¢ Measurenents: open synbols

20f C threshol d, 200ps anplifier

peaking tinme, 1fC noise, T=296. 15K and p=970nb
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| ncl ude Space Charge Effect

+
¢ Dvide gas gap into KLliJ E SE
several steps e
¢ Electrons nmultiply
and drift towards DEZ:EH
t he anode E,

¢ Calculate .
dynam cal ly the ’ E5E,
field E of the |
space charge at /#\

each step where
el ectrons are

I =

mul tiplied . | r
¢ a(B), h(E), vyB 5 -3
e Dffusion | " | sz'Q ------------------- - :
¢ No photons ol 5
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Exanpl e Aval anche

Electrons and lons Electrons
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Charge Spectra

¢ Sinmul ated aval anches at HV=3kV, p=1013nb, single
gap RPC

¢ Supression Factor 107!
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Rem nder: Wre Tube/ Wre
Chanber

¢ 1/r field geonetry
m Space charge region very short (<100V)
m 1.5 orders of magnitude junp to limted streanmer region

E L T LI Fig. 4.5. Collected charge as a function of the high
- E voltage, measured by ATAC et al. [ATA 82] on
- 1 a 100um diameter wire in a tube 12x 12 mm?,
" Number of Limited ste, T filled with Al'(49.3%) + C3H6(49.3%) + CH;CH:
108 - electrons region <  OH(1.4%)
- 1 FromNM200, 345 (1982)
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Timng RPC. Long Space
Char ge Mode
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¢ Honpbgeneous (applied) electric field
¢ Proportional Region is below Threshold
¢ Very | ong space charge Region (>700V)
¢ Charge grows first exponentially, then linearly with HV
(which is also an experinental fact)
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¢ For

aval anches
where no space
charge effect is
present we expect:

Qind Ew
CQiot x

| ndi cator for a
strong space charge
ef fect present for
E > 7.5kV/ mnm
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Concl usi on

¢ W have applied standard detector physics sinmulations

to Timng RPCs and find good agreenent wth
measurenents for efficiency, tine resolution and
char ge spectr a.

¢ The operational node of timng RPCs is strongly
| nfl uenced by a space charge effect.

¢ The suppression factor is huge (107).

¢ Details on our work:
CERN- EP- 2002- 024

NI M A481(2001) 130-143
CERN- EP- 2002- 046
CERN- OPEN- 2001- 074

15.11.2002; IEEE NSS Christian Lippmann

11




