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i ] 2a. Gas Detector
@ lonization of Gases a. Gas Detectors

Primary ionization Total ionization

Lohse and Witzeling, Instrumentation In High
Energy Physics, World Scientific,1992

Fast charged particles ionize atoms of gas.
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frequently used gases. Norim (cr—1 atm-=1)
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@ lonization of Gases - C

* The actual number of primary electron/ion pairs is Poisson distributed.

n"e "

P(m) = n= % =LNo

l

The detection efficiency is therefore limited to :

4oy =1-P(0)=1—¢""

For thin layers ¢, can be significantly lower than 1.

For example for 1 mm layer of Ar n =25—¢,=092.

‘primary

* 100 electron/ion pairs created during ionization process is not easy to detect.
Typical noise of the amplifier = 1000 e- (ENC) — gas amplification .
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Single Wire Proportional Chamber 2a. Gas Deteotors

i Electrons liberated by ionization drift towards
; the anode wire.
\ Electrical field close to the wire (typical wire @

E1 resno
| threshol ~few tens of um) is sufficiently high for electrons

(above 10 kV/cm) to gain enough energy to ionize
further — avalanche — exponential increase of
number of electron ion pairs.

~¥
JN_286

_Cry 1
2mey ¥

= CV,
_ 0
primary electron Vir)=

E(r)
C — capacitance/unit length

r
‘In=
2y a

Cylindrical geometry is not the only one able to generate strong electric field:

k\\ //) L\\ ////J

I
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|
parallel plate strip hole groove
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@ Single Wire Proportional Chamber

Multiplication of ionization is described by

the first Townsend coefficient a(E)

1

o= 7 *—mean free path

dn = nadx

n= noea(E X or n= noea(r)x

a(E) is determined by the excitation and
ionization cross sections of the electrons

in the gas. A. Sharma and F. Sauli, NIM A334(1993)420
It depends also on various and complex o ]
. o =
energy transfer mechanisms between gas molecules. = © =25t K
= -
There is no fundamental expression E 7/4 he
. E
for a(E) — it has to be measured for every L /ﬁ
. o 4
gas mixture. z //;//
& 102 /
s A/
n 't Amplification factor or - .0-37/ /
M =—=¢exp Ia(r)dr P N //
o ; Gain o i
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2a. Gas Detectors

SWPC - Choice of Gas

In the avalanche process molecules of the

Solution: addition of polyatomic gas as a

gas can be brought to excited states. quencher

S. Biagi, NIM A421 (1999) 234

ARGON  (1997) Absorption of photons in a large energy

100

range (many vibrational and rotational

i energy levels).
ELASTIC

-16 CM**2
3

Energy dissipation by collisions or

* 10**

SUM}O\\ XCITA[TION
/I/ \\\

dissociation into smaller molecules.

= :, N
o I
luo_J 1 N S. Biagi, NIM A421 (1999) 234
@ ’ CO2 (NAKAMURA)
s ‘ 100 E L L
'01.01 YT ”m;"o ' ”m1"(;o ' ”“1"600 « EDASTIC
ENERGY EV. ?:E
ey o L
De-excitation of noble gases N
only via emission of photons; \ L [\\,
11.6 eV *
e.g. 11.6 eV for Ar. PV |
This is above ionization - Ee [ vibrattanailevers
cathode w
threshold of metals; i
= exqitalli

e.g.Cu7.7 eV.
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SWPC - Operation Modes 2. Cop PSR

ionization mode — full charge collection, but no
charge multiplication;

10" | |

gain = ] | Gleigg;}gcin?r
proportional mode — multiplication of ionization ool P !

starts; detected signal proportional to original ecombinaten LY
ionization — possible energy measurement (dE/dx); g e ;[’é?ﬁgﬁ proportons
secondary avalanches have to be quenched; % M X Dishargo |
gain ~ 10* - 10° s |l K
limited proportional mode (saturated, streamer)— 35 |

strong photoemission; secondary avalanches é o : : |
merging with original avalanche; requires strong < i |

quenchers or pulsed HV; large signals — simple 0 _. . |
electronics; N L | .
gain ~ 1010 1 | V'!I' | | | 2
Geiger mode — massive photoemission; full length 0 250 500 750 1000

) ) Voltage (V)
of the anode wire affected; discharge stopped by

HV cut; strong quenchers needed as well
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@ SWPC - Signal Formation

=+

+

b s s A
..%

JV_289

Electrons collected by the anode wire i.e. dr is

very small (few um). Electrons contribute only

very little to detected signal (few %).

lons have to drift back to cathode i.e. dr is large

(few mm). Signal duration limited by total ion drift

time.

Need electronic signal differentiation to limit dead time.

C. D’Ambrosio, T. Gys, C. Joram, M. Moll and L. Ropelewski
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Avalanche formation within a few
wire radii and withint < 1 ns.
Signal induction both on anode and
cathode due to moving charges
(both electrons and ions).

dv = Y d—Vdr
ZCVO d]"
100 ns /—
300 ns
B I I I I 1
0 100 200 300 400 500
t (ns)
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Multiwire Proportional Chamber 2a. Gas Detectors

Simple idea to multiply SWPC cell : Nobel Prize 1992

First electronic device allowing high statistics experiments !!

Typical geometry

Smm, 1mm, 20 um

Normally digital readout :
spatial resolution limited to

- | .. % i
- 2 3 |
( ¥ | = N ! =

> g T— ﬁf‘—*‘ﬁfiﬁw;_

ford =1 mm o, =300 um

G. Charpak, F. Sauli and J.C. Santiard
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CSC - Cathode Strip Chamber 2a. Gas Detectors

Precise measurement of the second coordinate
by interpolation of the signal induced on pads.
Closely spaced wires makes CSC fast detector.

/
s

M T T T T T
‘ Fit by Gauss + Parabola
BWS Op=6341m

E 400 = -
Center of gravity of induced ool .
signal method. T

Resldual |, (mmj

Space resolution
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RPC - Resistive Plate Chamber 2a. Gas Detectors

useful gap

readout strips

HV Rate capability strong function of the resistivity

resistive electro
of electrodes in streamer mode.
Clusters
gas gap ET 2mm
A. Akindinov et al., NIM A456(2000)16
resistive electrode GND Typical time spectrum from 5 gap MRPC

_ _—l_— E 12 kV
readout strips - -

103 £ c=T77 ps Gaussian it =77 ps

= Tail of late signals
w o 20 events/ 17893 events
MRPC =102 Z0.16% e
£ r
HV é 10 E /

I -
I -
I &

I Sm—E T S -

-2000 -1000 0 1000 2000 3000
e —
GND time difference between start counter and MRPC [ps]
Multigap RPC - exceptional time resolution Time resolution

suited for the trigger applications
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Drift Chambers 2a. Gas Detectors

Spatial information obtained by measuring time of drift of electrons

[

| - Measure arrival time of electrons at sense
scintillator STOP . . .
- o 7 wire relative to a time t,.

Need a trigger (bunch crossing or scintillator).

Drift velocity independent from E.

4 drift v & anode F. Sauli, NIM 156(1978)147

JV_284

< J re——»

!
low field region  high field region 300 =
— dIrift — gas amplification
Advantages: smaller number of electronics channels. 200 4

Resolution determined by diffusion,
primary ionization statistics, path

fluctuations and electronics. 2 04 06

C. D’Ambrosio, T. Gys, C. Joram, M. Moll and L. Ropelewski CERN - PH/DT2 Particle Detectors — Principles and Techniques 2a/12

CERN Academic Training Programme 2004/2005



I 2a. Gas Detectors
@ Drift Chambers

Planar drift chamber designs

Essential: linear space-time relation; constant E-field; little dpendence of v, on E.

Al I B BB AR ISR SRS AP0 02k BB

Field Wire
Ground ®
Plates 0\
K Sense Wire

I-Beam for field shaping

/\

®
AN Sense Wire

P e e e

D
T T T T 10
Field Wire . -,
st TITTTTTTC@ATTTTH .
Plates 10k
I ER R RSN NERIERRIARSRERRRNER Y] lllll!llllllll.llll.‘ L +o.5 _o‘z .0‘9 -1.‘ -2.3 -3.0 kv
?‘ Sense Wire . L ) . ) . - .
2 3 4 5

B BB LA IR L LRI LS AT A AR AR F RS TR T LS

© 10 20 30 40 50 60
[mm] [cm]
U. Becker in Instrumentation in High Energy Physics, World Scientific
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Diffusion of Free Charges

Free ionization charges lose energy in collisions
with gas atoms and molecules (thermalization).

Maxwell - Boltzmann energy distribution:

F(e)= const\/ze%
Average (thermal) energy:

g, = %kT ~0.040e

Diffusion equation:

Fraction of free charges at distance x after time +. -

daN 1
N~ azDr

RMS of linear diffusion:

eiﬁdt

o =A+2Dt

X

C. D’Ambrosio, T. Gys, C. Joram, M. Moll and L. Ropelewski

D: diffusion coefficient
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F. Sauli, IEEE Short Course on Radiation Detection and Measurement,
Norfolk (Virginia) November 10-11, 2002

0.08 T T 1 T T
bollzmann
F(€) KT=0.025 eV

0.06 —I.-“ —
f |
|I |
0.04 H | d
l |
|
0.02 | “‘\ =
|
| N—
0 1 Y I i 1 1
0 0.02 004 008 008 01 012
£ (eV)
I T T T
o ions in air B
pa
\ —
S
= 4
[+3] -
=
k= i
Q
o t=10 sec _
T~— 1
0.2 0.3 0.4 0.5
X in cm

L.B. Loeb, Basic processes of gaseous electronics
Univ. of California Press, Berkeley, 1961
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Drift and Diffusion in Presence of E field 2a. Gas Detectors

E=0 thermal diffusion (v) =0

E>0 charge transport and

diffusion <V> =V,
Electric Field
< |
Electron swarm drift - = ‘ >

As Y
_ 2 . . nm—
v, A Drift velocity . As, Al

S
o, =~2Dt = 2DV_ Diffusion \
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Drift and Diffusion of lons in Presence of E Fiefd™ """

: . . 80 T T T T T T T T
Drift velocity of ions - 8
H - S ion ion E— ——
is almost linear function of E v." = 4”'E 0 ]
.y ion et . T 9
Mobility: M= is 2 20} | =
. m . 8 <
constant for given gas at fixed Pand T, o i % S m
£ - = o =
direct consequence of the fact that i F Artin A : %3 &
° [ ] = 35
I 1 : B Pressure in Torr T =3 i
average energy of ion is unchanged £ o e %g .
H H r' ® 1675 D075 o 0668 1 02 o
Up tO Very hlgh E fleldS ,3/ A 352 A 410 A 0823 B 8 % m
2 0O 860 0 0724 e 297 g g
A 1272 Q 6.29 = Q
o 222 g §
o
. . . g é l1l0 2lo ) %0 ' tloI ‘ l1(%0 2(|> l ‘#oo'csclmI I looo %"-
Diffusion of ions e we = E[p (V/cm/torr) L @
) ) ) \\\.\\ T\ T T T T T T T T T T T 180 (g
from microscopic picture can be shown: G NAO 8
200} AN 140 &
= . :
o _oDe = o 2
- % 2
2 u 100} —Ho 5 ©
L 18 & N
* 617
D — k_T O_ion _ 2kT X 60F & for ail gases :4 5
ion — x \/—_ [ -=- 0 for 70% Ar and 30% CH, |
’Ll € e E 40F = Gy for 70% Ar and 30% CO» N N ?
A —— O for 67% Ar,30% Is0Cq Hyg and ™ 1,
thermal limit i 3% Memyol \\\-\\,\ Jos
SN fos
the same for all gases !! 20p L AT
100 200 400 600 800 1000 2000 4000

Ewvem)  E (V/em)
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Simplified Electron Transport Theory -

v, =puE=—r Townsend expression; acceleration in the field times time between collisions

i/I(E)EE =eEx  balance between energy acquired from the field and collision losses

X e . .
—— number of collisions; A(¢) fractional energy loss per collision
v.T

D

g, part of equilibrium energy not containing thermal motion

E

1
T=——r : . Bk _
No(s) time between collisions; v instantaneous velocity
3
& +5kT total energy
-1
10 SRR B L L B LS ]O'“r_l I B S e LA B
SN ] a ]
F o Ae . - 0 (tmf)  o(g) .
i CH, i 10
2 ek Ale . L _
v, = 1073 F :
mNo(g)\ 2 : 1
107" — )
~ Ar ! .
5’_1 ol o lll—- 10_17 [T U W R T W N N RN N B S
ot oot or 1 0 0001 001 01 1 10
| | . . )

B. Schmidt, thesis, unpublished, 1986
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Drift and Diffusion of Electrons in Gases 2a. Gas Detectors

Large range of drift velocity and diffusion:

Diffusion some gases log
T T T T

Dorift welo ity zome gazes bis . T T T T
15 e PN - ——
' A-CF90-10 = e
% ! e 3 T~
3 5 1000 | A
2 / /\ =~ '
210 / \ £
€ . o
L 3 g S e
: 1 g ,f‘t-CH4 90-10
I [
I ]
57 g \
A-CH, 90-10 E o :—-._ CH,
o I u.__h‘-‘ ———
ADMERsp e | ENE s Thermal Limit .
\”_’) ! ?rma M
0 . e T SR S A o b e S LT p=ad
1000 1500 2000 400 800 1200 1600 2000
E/P (V/cm.Atm) E/P (Viecm.Atm)

F. Sauli, IEEE Short Course on Radiation Detection and Measurement, Norfolk (Virginia) November 10-11, 2002
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@ Diffusion Electric Anisotropy 2a. Gas Detectors

Argon—CH,

i
—
E % : — T T T T T T r T I T LI T rrrr !:
= - . B N e N
T - 2 - = | | E
= - & T 3 450 i mf T=Smage - 1
5 ° 450 = g - T ————_,__,______'-—— g
— g O 3 apof / B e e e fom v e ey O A A ey e 5
w 3 400 § - - N T | L g T %
o - : T e T e L]
Y= L) O 5 ehp .~ L o i s 220 a2 o S i
3 380 g — = e I T o T W A P L1 ¢
E 2 : £ - el g P g P e e I SR, =
< § 3 B0 e e }
_ > oo ¥ = A g g 2
c i B ~—~ 3 t:::—"'- &
> B = - o -
O = =
B 5 S
= I » Y zoop -
= - 200 = R
5 3 E !
—_ 2 13D T 0 5br .
(1 o S
= o . » o0 ; 1
T )
2 > Ch
B sbf 2 L 4 .
c ©
o ...... i 2 3 4 2 It ; ||||| | I T T T T "I 1 L Il el 3 & & | IS
| ooao s n et B P WD RS RI L [ Ll L L i B B e O 0 O o=n o= o= = b B B B RD L L Lt e e B b B b
hi o SR 58 [ - L ] MFI,?"-.{:\- LT - -] :_‘ LT - R o B[ Bl o B @ m-ﬂ-w.q,n- B - @ 1
Blectric field iv/cml 5 Electric field IW/eml 5

E (V/cm) E(V/cm)

S. Biagi http://consult.cern.ch/writeup/magboltz/
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Drift in Presence of E and B Fields 2a. Gas Detectors

Equation of motion of free charge carriers in presence of E and B fields:

—

m?‘; =eE+e(¥xB)+0(1) where Q@) stochastic force resulting from collisions

A m e . .
Time averaged solutions with assumptions: Vp = (V) = const. ; <Q(t) >= ~ V> friction force

d_' - . - N ] | X )
<d:> =0=el+e(Vp x B) _EVD 7 mean time between collisions Y ExB
T
E ~ a A A A A
Vp = ,u‘ ‘ [E+a)r(E><B)+a)272(E.B)B]
= 22
l+o°t

et . eB
4=—mobility w@=— -cyclotron frequency
m m

B=0 — ’=%"=uE

D

El

|B — V, =V,
L . E or
—_ = —
ELB " BAl+ o7
: o E’J_B' R tana; = wt
In general drift velocity has 3 components: || £;|| B;|| £ x B Yo Lorentz angle
wr <<1 particles follow E-field Q

wr >>1 particles follow B-field B/
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@ 2a. Gas Detectors
i Diffusion Magnetic Anisotropy

E| B
— o —- j—,—a—_:_oi — B
E ///” -, AN VD 600 e et Gt e G e G Gl
4 il '/ \\ O'L L
/ , L : Ar/CH, 80/20 E=0.115 kV//em
|
*——> . = 500 :
—_— // = |
B el - = Experiment (Clark et al, LBL TPC)
e}
400 [
300 [
I 100 -
Or = [ 2 2
l+o°r _
0 1 1 1 i 1 i L 1 | 1 1 L 1 1 1 i L i 1
0 0.5 1 15 B(Teslay 2

F. Sauli, IEEE Short Course on Radiation Detection and Measurement, Norfolk (Virginia) November 10-11, 2002
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@ TPC — Time Projection Chamber 2a. Gas Detectors

neg. high voltage plane Time Projection Chamber
full 3D track reconstruction:

| particle track XY from wires and segmented

liberated o cathode of MWPC (or GEM)
L

% z from drift time

e momentum resolution

a == space resolution + B field
i - - e - . .
'“_g Fd T o o o R {‘\ i ca act)lcri| [F))Ilaalqee (mUItlple Scattermg)
o /7 FAET RN L PR oy AN anode plane ]
N| f? g%%g T « energy resolution
4 L T measure of primary ionization
> X

Induced charge on the plane
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@ TPC - Time Projection Chamber = S

HV electrode (100 kV)

field cage

.o
eee®
oo
X
.o
....
oo

.o

ooy
X
.o
.e

Alice TPC

HV central electrode at —100 kV
Drift lenght 250 cm at E=400 V/cm
Gas Ne-CO, 90-10

Space point resolution ~500 um
dp/p 2% @1GeV; 10%@10GeV

Events from STAR TPC at RHIC
Au-Au collisions at CM energy of 130 GeV/n
Typically ~2000 tracks/event
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TPC — Time Projection Chamber

Positive ion backflow modifies electric field resulting in track distortion.

Solution : gating

Prevents electrons to enter amplification region in case of uninteresting event;

Prevents ions created in avalanches to flow back to drift region.

R

=
=

|

ALEPH coll., NIM A294(1990)121

, oll and L. Ropelewski CERN - PH/DT2

gating plane

cathode plane

anode wires

readout pads
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Micropattern Gas Detectors 2a. Gas Detectors

12 sz Advantages of gas detectors:
o
g1 e * low radiation length
o . . lr iy 1C\};D1F)i;r:m1d-coaledgla?s )
% 10— P T rﬁ\ - large areas at low price
09 \\{&I 2 ? :
\ N\ MsGe « flexible geometry
0s . CLASS 10° 0 ) )
| \W T\i \; * spatial, energy resolution ...
07 . MG
06 \\ GLASS 10 0 om
Problem:
05
» rate capability limited by space charge defined by
D"4103 10 107 10 107 : : e .
Rate (mmn &) the time of evacuation of positive ions
scale factor
wwee  MWPC Solution:
l;200 L T | e ' .
1 : = * reduction of the size of the detecting cell (limitation
zoo_l’ll r_L'_LI ‘l-il
P - B f the length of the ion path) using chemical
= MSGC i otéegtéteor) ) gc |
5 | WS NS etching techniques developed for microelectronics
and keeping at same time similar field shape.
10

R. Bellazzini et al.
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2a. Gas Detectors

MSGC — Microstrip Gas Chamber

Z’POW Thin metal anodes and cathodes on

,_,‘._'

7

insulating support (glass, flexible polyimide ..)

W7 e
N\l R
s s
"":":’ X bR

e Tz i

B -
J

" | Problems:

B -

High discharge probability under exposure

?i? to highly ionizing particles caused by the

il

" regions of very high E field on the border

between conductor and insulator.

Gain-efficiency -disch prob

e Charging up of the insulator and modification
1001 < Q
g [ B ®  of the E field — time evolution of the gain.
P [}
£ gol-8 - 10*
5 80— — :
E 0 2 " " M .
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Anode Voltage (V) multistage amplification
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@ Micromegas — Micromesh Gaseous Structure 22 G betectors

Micromesh mounted above readout

structure (typically strips).

E field similar to parallel plate detector.
E_/E; ~ 50 to secure electron transparency
and positive ion flowback supression.

100 pm
micromesh
[ MMO1V1__  Residuals |
2000 — MMO1YV1___ hres
— Erfries Tz934
Orift Cathode 2000— ean pomonnas
Hyv' 1 = 7304 I~ )
TOO0— G — 70 um ;ro:;nd 105?D.l’ T
Gom__ Corstant BYTE 4858
Ei [ Mean A847e-05 4241e-05
[ Sigma 0009831+ 2.475e-05
E lonisation Region ; iy
@ 4000—
e e
_ 1 Iq\/a’crnT so%r
MicroMesh __ _ __ _________ S T HW2 = 400Y 2000—
= B
E Ea Amplification Region 40 K em 1000—
=y Anode Strip C | ! ! i el 1 | L
[ [ ———— f— —— %z o015 ©1 005 0 0.05 0.1 0.15 0.2
(cm)
fonsing Farticie Space resolution
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GEM - Gas Electron Multiplier

F—

e

HEEEERE

C. D’Ambrosio, T.

Thin, metal coated polyimide foil perforated

with high density holes.

Electrons are collected on patterned readout board.

A fast signal can be detected on the lower GEM electrode
for triggering or energy discrimination.

All readout electrodes are at ground potential.

Positive ions partially collected on the GEM electrodes.

Gys, C. Joram, M. Moll and L. Ropelewski CERN - PH/DT2 Particle Detectors — Principles and Techniques 2a/28
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GEM - Gas Electron Multiplier

Full decupling of the charge ampification

structure from the charge collection and
readout structure.

Both structures can be optimized
independently !

H-COORDINATE

A. Bressan et al, Nucl. Instr. and Meth. A425(1999)254

Totem

Compass
Both detectors use three GEM foils in cascade for amplification
to reduce discharge probability by reducing field strenght.
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. GEM GaS E|ectr0n MUItlpIi 2a. Gas Detectors
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Classical ageing
Avalanche region — plasma formation

(complicated plasma chemistry)

*Dissociation of detector gas and pollutants

o c . . p Y W\‘ ‘ U (et !‘** w ‘-"'t ‘th& g
*Highly active radicals formation 4 '”‘ Sk o e i e
*Polymerization (organic quenchers)

Insulating deposits on anodes and cathodes

L= SE1 UT 1 Ky D= 24 mm HAG= K 3.43 K PHOTO= 3
10 r—< .
JmD/19.08 H:‘:I HHH FDT WIRES TUBE 11112 WIRE 1

. Anode: increase of the wire
@ a- diameter, reduced and variable
field, variable gain and energy

resolution. E
—

Cathode: formation of strong
dipoles, field emmision and
microdischarges (Malter effect).

cathode
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Limitations of Gas Detectors

Solutions: carefull material selection for the detector construction and gas system,

detector type (GEM is resitant to classical ageing), working point,

2a. Gas Detectors

non-polymerizing gases, additives supressing polymerization (alkohols, methylal),

additives increasing surface conductivity (H,O vapour), clening additives (CF,).

Discharges
Field and charge density dependent effect.
Solution: multistep amplification

o

RO T L

Space charge limiting rate capability

Discharge probability

12r9000

Digch 5-D-TGEM ArCO270-30 bis

510° Lo
| External collimated ¢ source 1115100 1
i Ar—C03 70-30
41073 | Equal AVGEM
310°f ;
: | . TGEM.
2107 I .' .-
t ! DGEM '
i " SGEM
1107 ;'
} I" I|I|
i ; »
0 10° e .
10° 10° 10* 10° 10°
Effective Gain

Solution: reduction of the lenght of the positive ion path

Insulator charging up resulting in gain variable with time and rate

Solution: slightly conductive materials
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Computer Simulations 2a. Gas Detectors

MAXWELL (Ansofft)
electrical field maps in 2D& 3D, finite element calculation for arbitrary electrodes & dielectrics

HEED (I.Smirnov)
energy loss, ionization

MAGBOLTZ (S.Biagi)
electron transport properties: drift, diffusion, multiplication, attachment

Garfield (R.Veenhof)
fields, drift properties, signals (interfaced to programs above)

PSpice (Cadence D.S.) electronic signal
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@ Computer Simulations 2. Gas Detectors

Input: detector geometry, materials and elctrodes potentials, gas cross sections.

Multiplication and attachment

Electric field along pathline through GEM hole center Ar70%, €O, 30%, T=300 K, p= atm
’E T T T T T T T T T T T T ] ‘I T T T .| 'E‘ 3 ) ot ¥
o L GEM voltage: 360 V 4 5} F M
= = f agboltz
W Maxwell | = | g
= L E 3
2 L 510
o | g Attachment coefficient
£ ks
2 | 8
= 30 o
=t 510
L c
Z
- =
20+ B
L ] 10 E
I Avalanche threshold - :
of GEM | Y
(|t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L IR R N S L T TR T T L
-160 -120 -80 -40 0 40 80 120 160 2 3 456789 2 3 456789 2 2
z-position (micron) 10 L E [KV/em]
C
Field Strenght Townsend coefficient

P. Cwetanski, http://pcwetans.home.cern.ch/pcwetans/
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L] u
@) Computer Simulations 2a. Gas Detectors
Diffusion — S
Ar70%, CO, 30%, T=300 K, p=1atm 3 st
‘S“ al Xe/CF /CQ, 70/20/10 Mag bOItZ
&
Magb0|tz E 3l Simulated
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80r a2l o Experimental
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20 o
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Longitudinal, transverse diffusion

Drift velocity

P. Cwetanski, http://pcwetans.home.cern.ch/pcwetans/
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@ Computer Simulations

2a. Gas Detectors

P. Cwetanski, http://pcwetans.home.cern.ch/pcwetans/

Single electron avalanches in the LHCb GEM

Gas: Ar 70%, CO, 30%, T=300 K, p=1 atm Type: 140/80/50

£ Edrift =2 kV/cm
= Ecoll =2.2 kV/em
o i -
F 004 Garfield 1
o
N { 5
0.03
002
0.01 \ 4
_001F "% J 4 3
-002 L
-003
004} - GEM
z OF:IJ.CIJ..O.OPDDDO.O‘OOOOOPQF;F:'J.O
S2EREB3ERERPRE8333838383-~
wn L Lh L= h Lh L W h . W
¥ Viewing plane: x=0.056 y-AXIS [Cl’l']]

Electrons paths and multiplication

Garfield
A

Positive ion backflow

Conclusion: we don’t need to built detector to know its performance
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2a. Gas Detectors

UV light detection with GEM

G002Z/¥00¢ dwwelboid Buluies] oiwspedy N30

cog two positions

PHOTOSENSITIVE
LAYER

pos 550 pm

FHOTON

UV transparent Quartz window

pos 750 uym

600
500
400
300
200
100 L

SjUnoD

8 mm

Radiography with GEM (X-rays)

@ Other (than tracking) Applications

Trigger from the bottom electrode of GEM.

2a/37

Center of Gravity (strips)
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Gas Detectors in LHC Experiments 2a. Gas Detectors

ALICE: TPC (tracker), TRD (transition rad.), TOF (MRPC), HMPID (RICH-pad chamber),
Muon tracking (pad chamber), Muon trigger (RPC)

ATLAS: TRD (straw tubes), MDT (muon drift tubes), Muon trigger (RPC, thin gap chambers)

CMS: Muon detector (drift tubes, CSC), RPC (muon trigger)
LHCb:  Tracker (straw tubes), Muon detector (MWPC, GEM)

TOTEM: Tracker & trigger (CSC , GEM)

C. D’Ambrosio, T. Gys, C. Joram, M. Moll and L. Ropelewski CERN - PH/DT2 Particle Detectors — Principles and Techniques 2a/38

CERN Academic Training Programme 2004/2005



2a. Gas Detectors
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