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Chapter 28.6 - Gaseous Detectors (8 pages in PDG2010)

— Energy Loss and Charge Transport i
(F. Sauli and M. Titov, revised March 2010)

e 28.6.2 — Multi-Wire Proportional and Drift Chambers
(F. Sauli and M. Titov, revised March 2010)

e 28.6.3 - High-Rate Effects
(F. Sauli and M. Titov, revised March 2010)

28.6.4 — Micro-Pattern Gas Detectors
F. Sauli and M. Titov, revised Marc

e 28.6.5 - Time Projection Chamber
(D. Karlen, written September 2007)

e 28.6.6 — Transition Radiation Detectors
(P. Nevski and A. Romaniouk, written August 2007)

e 28.6.7 — Resistive Plate Chambers
(H. Band, revised September 2007)
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Gaseous Detectors Basics: a complete re-write

Older version PDG2006 contained 5 gas-detector related chapters:

e 28.6 Transition Radiation Detectors (D. Frodevaux)
e 28.7 Wire Chambers (A. Cattai, G. Rolandi)

e 28.8 Micro-Pattern Gas Detectors (M. Ronan)

o 28.9 Resistive Plate Detectors (H. Band)

e 28.10 Time Projection Chamber (M. Ronan)

- Limited introduction to the basic physics of gaseous detectors

F. Sauli accepted to re-write from scratch in 2007

- First version appeared in PDG2008
- Improved version (after interaction with reviewers) in PDG2010
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PDG2008/2010: Energy Loss and Charge Transport in Gases

28.6.1 Basic energy loss processes in gases:

Table 28.5: Properties of noble and molecular gases at normal

10°

temperature and pressure (NTP: 20° C, one atm). Ex. Ej: first
excitation, jonization energy; Wr: average energy per ion pair;
dE (dx|min. Np, Ny: differential energy loss, primary and total
number of electron-ion pairs per cm, for unit charge minimum 107
ionizing particles. E 2
Gas Density, FEx Ey Wi  dE/dz|min Np N 10°% %
mgem S eV eV eV keWem™' ecm' em™! __“:
5}
He 0.179 19.8 246 41.3 0.32 3.5 8 3 é
Ne 0.839 16.7 21.6 a7 1.45 13 40 10
Ar 1.66 11.6 15.7 26 2.53 25 a7
Xe 5.495 5.4 12.1 22 G.E8T 41 312 »
CH, 0.667 8.8 126 30 1.61 28 54 10
CaHg 1.26 5.2 11.5 26 291 48 112
iC,H g 249 65 106 26 5.67 90 220 5
CO, 1.84 7.0 138 34 3.35 35 100 10
CFa 3.78 10,0 16.0 54 6.38 63 120 E (eV) 10°
28.6.1 Drift, diffusion and multiplication in the gases:
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PDG2008/2010: Multi-Wire and Drif

013 e
T (a) Multiwire proportional chamber F—HH
010 F
ma= i1
— 005 F
E G/E
7] o
w000
=005
—0.10
0.10
0.8
— 0.05
E
=
w 000
=
3 .
=005
010 HE 0.6
015 T | It T T
03 02 -01 0.0 01 03 03
x-axis [em]

Figure 28.7: Electric field lines and equipotentials in (a) a
multiwire proportional chamber and (b) a drift chamber.

Chambers, High Rate Effects

28.6.2 Multi-Wire Proportional and Drift Chambers; 28.6.3. High Rate Effects

09

0.7 |

ettty T,
Avalanche size :"L

© 310 S
¢ 2310 ] ‘}
& 4.8 10° \
* 810

i

i-
n')‘ 165‘ ﬁll"' 10"
@ N e/ sec mm)

e Gas Detector basics review is completed; no comments except for Table 28.5

e No immediate plan to update this part for the next revision(s)
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PDG2008/PDG2010: Micro-Pattern Gaseous Detectors

Older Version (M. Ronan in PDG 2006) contained 26 lines and 2 figures

- MPGD is very rapidly growing field with RD51 Collaboration @ CERN
(~ 75 institutes, 450 people) supporting MPGD technological developements

Try to address the most modern developments (to keep up-to-date picture):

MicroMegas Pixel Readout of MPGD “InGrid”
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e New write-up appeared in PDG2008, revised version in PDG2010
(<~1.5 pages, limited by the space constraints)
o Active field of research - requires bi-annual updates
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Summary and Outlook

e Significant help and support from Don Groom - thank you very much!

e Gaseous Detector Reviews is up-to-date
(some gas detectors appears in other reviews - e.g. should we keep
gaseous (MPGD) photon detectors in “"Photon Detectors” review)

Table 28.1: Typical resolutions and deadtimes of common

So me id eas fo r g enera I RPP u Ed ates detectors. Revised September 2000,

(Particle Detectors at Accelerators): Resolution  Dead
Detector Type Accuracy (rms)  Time Time

° R == f th T bl 28 1 - T = I Bubble chamber 10-150 pm 1 ms 50 ms?

evision o ela e " y p ICa Streamer chamber 300 pm 2 ps 100 ms

resol utio n of common d etectors F'r{_)purtional chamber 50-100 pmbc 2 n;~:d 200 ns
Dirift, chamber 50-100 pem 2 ns 100 ns
Scintillator 100 ps/n® 10 ns

= = Emulsion 1 pm
¢ Ba Ia nce between baSIC deteCtor phySIcs Liquid argon drift [7] 75450 pm ~ 200 ns ~ 2 ps
a nd concise u p—to—d ate review of modern Micro-pattern gas detectors [§] 30-40 pm < 10 ns 20 ns
- esistive plate chamber [9 =10 pm 1-2 ns

trends n teChnOIOgy Sili::{m stl'11]: e I)itt:;:l.f(S to 7)) 9 g
Silicon pixel 2 pm" g g

(e.g. Gas-det. Basics vs MPGD, Si-det. | T

- - w © Multiple pulsing time.

baSICS VS 3 D | nte rcon I‘Iect/ Wafe I‘-th I‘0ug h b 300 pm is for 1 mm pitch (wirespacing/ \/TZ]

ViaS", . .) - e.g . a Iot Of new developments - ‘]3;.::1\ line cathode readout can give £150 pm parallel to anode

for LH C/ I LC (a nd not on Iy) 4 For two chambers,

¢ n = index of refraction.
f The highest resolution (“7") is obtained for small-pitch detectors

- - f I - I h ( =25 pm) with pulse-height-weighted center finding.
9 Cl‘lte Fla Tor re atlve engt /Spa ce ¢ Limited by the readout electronics [10]. (Time resolution of
req ui rements < 25 ns is planned for the ATLAS SCT.)

b Analog readout of 34 pum pitch, monolithic pixel detectors.
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