


Large Tracking Detectors

Yet with some accuracy

Principle of measurement

Drift chambers in general

Drift detectors Past
Present
Future

Ulrich Becker, MIT
New England Particle Physics Student Retreat
North Woodstock,New Hampshire
Aug.18-23, 2002
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Drift Velocity

=
e E
V(e) >> V, “Drift velocity” ROR o v,
|
e suffer dn random collisions in dx: dn = ;dx
Note: vt = meanfree path
1
Collision rate 1/r o to gas density N: ; = Nov
= dv
E accelerates between collisions: ek = =
. Le ..o
Causing a displacement of: x(1) = Et
Prob. for time intervals between coll.  dP =%e"”df
. lie ol oo e
Average path: (x) _[2 —E'—e™dr mErz
: : (x) e
Average drift Velocity: W) =v, = i ;TE‘“M HE
u is called the ‘mobility’
1, Po_ .. [E)
But T depends on density: Vp = ME == K Po =
“E/p Scaling” 4 '
Level off = motion in
So far: ' Viscous medium
» L

But o and there fore 1 depend on the energy of the electron:

im porl'anf Fl' drl:}l' chambers



Signal Basic Example |

8—> i
emjs | 10 signal
cm/s \/_—_
HV

< d=lem > <—— t=lps —>

During the integration time charges move: Ax=v t, ={ 1cm for e

{1{53r:m for A"
...the moving A~ induce: AQ=nAxid=10n

but the induced charges q depend on the position: 0O<qg< Ne,
which can be avoided by introducing a (Frisch) grid

S d =4y 2 volumes, 2 circuits:
t_* i 1.Cathode- Grid:
Z AQ' = NeAx/d20
! g on the grid, AC grounded =0
v % HV _
= 2. Grid- Anode:

AQ = Ned'/d’ = Ne
which is the full charge.

Can the grid be very transparent??

- YES!
Ea By
==
—— 5 it Ey=3E, 98% get through

Frusrnm: Max well

Gar fl.'t.[d.--




Drift Velocity of IONS

vi=u" E p/p,

lons are heavy, have large o = the mobility u* =const., small

He* in He 10.2 cm?/(Vs)
A’ in A 1.7

iICH,, iniCH,s" 0.61

Co, in A 1.1

CH,* in A 1.87

multiply by a typical drift field of 1KV/cm to get a typical ion
velocity
vt =10° cm/s,

small compared to electrons  v=v, =5 10° cm/s = 5 cm/us

The slow drifting ions can be neglected for signal formation
in the integration time of 1 us. However, they will affect the
rate capability by charging up the gas volume. Worst; TPC's.
Best are straws of 4mm diameter; still ok at rates >107/s..

Attachment (R.Dinner, MIT BS thesis 2001) converts fast
electrons to slow ions, useless for signals in 1 us.

e+0, >0, 1%->e*A=3cm

e +Cl, =CL™

e + H,s > H,0=

Air (0, no+ N,) is pad for you!



Signal Example Il
induced on the Wire

Potential ¢ o In(r)/In(b/a)

electrons ¢... = -Ne(p(a)-¢(r)) = -Ne In(r/a)/In(b/a)
ions bon = Ne(d(b)-¢(r)) = Ne In(b/r)in(b/a)

The electron avalanche starts, when the field is high enough:

e E..&> 30 eV. then r~3a , In(r/a)= 1.1
For the Afions b/r = 1000 In(b/r)=7
RE
®

Of course the € current is much higher (peaked), but only
lasts

50 um/50mm/us =1ns,  which normal amplifiers
cannot follow. So the electronic voltage signal is dominated

by the avalanche ions (not ionization) slowly drifting away.

AAO=V

modulated by
RC of amplifier input




Basic Example llI Prop Tubes&Chambers

At high 'fE N electrons drifting along x ionize secondaries off
the gas molecules. These amplify the signal causing a “Gas
Gain” G. '
Townsend coeff.: secondaries in dx: dN = a(E) N dx t.'--i%:‘

and consequently G =N/N, = %0

For a ‘Geiger Geometry’
Vv 1

E(r) = -
(%)) r
The avalanche starts, when
eE)=33eVor E..=40KV/cm

crit

)

- ; - — 3a typically
This is close to the wire: 7w ln(%)Em

No grid is needed, since Amplif. volume = 10° gas volume

Gain = N/N, [N =N, [atryr

- a E(a) dr
But o depends on E lnG-;!;a(r}dr- !ﬂa{ﬁjﬁd&‘

Diethorn approximation: a=f siﬁ|pfpﬂ = In2/AV= E p/p,

In2 Vv v
‘ SOLUTION 0= ln%m{m%Ew[rw,p]*a'{pru}} I

where AV =33V is the effective ionization potential
V the applied voltage, p, the reference pressure,
Ecelt (1) field where avelendve slavts
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World record

- Gain: 7 Decades ! :
— DT1,50 pm wire
E Source:Fe3> 1q,=273y _§
- } 1 year —
S :37%
= T:ru 5.9heV %
e cm
= P10 =
- 4 fe: 10% CHE
= Quencher
= " lonization =
— A -
= | | | | =
0 500 1000 1500 2000 2500

HV (volts)



PROPORTIONAL CHANBERS
OOOOOEER N« Gecger

o Dt g

} i iif- 'm i _..[ﬂf n!"
- U L T ® o o ci.- '
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’Mlxﬁm g yrse % Stereo 7:,-— 2

CATHODES

RS %" !’,’
Tndoced 7{; —
uluuﬁ I\ 7/1{_’ — =

wires [\ 7/__ =
N 7/ Eﬁ = -
P s
Anuﬂs_s/f -
-
V 777
CATHODES o 7 J\Jﬂ/ JJII 7
/j f\/ jx/ ;

X"‘d Caf-hodr, Sém'P Rt&dﬂ{,{,{ (from Charpak)




Multiﬂi reErop_._hambers -BNL 598 J-Ex P.

3 planes: & n,+ N+ n;= const

2mm




but AGS...L =10*cm? s’ Ageing!
Argon-Methylal -> No Ageing!

2 Chambers-> Y - FNAL
1 Chamber -> Smithsonian







100% eff. But why a tail?

300} ' : ' : -
WMo
%

200 ¢ =
¢

100 ¢ -

OYTRTY ¢¢¢¢‘¢’¢’ ns At
¢ | ! ! 1 ¢ ¢ |
0 50 100 150 200 250

Neighbour wires fire, too, but later
lonization ‘drifts’ along E- lines

e -

ot

=missed invention

i
LA
/
of Drift Chamber



A Word on Wirology

See U.Becker “large Area and Muon Detectors” in World Scientific
Instrumentation in High Energy Physics (1992),p513-

Mechanical stuff

Parallel to earth all wiragsag: ==

A Tungsten-Rhenium wire of 30 um dia.

(4% Au plated) has 0138 mg/cm and canbe A
elasticly stretched to 1.3N. For I=3m the sag is: Zmax= 117 um
[ e g T

Sag or tension is easily verified by the resonance
frequency. Putting AC between wire and a plate

Tungsten-Rhenium is the best wire 1Onfm - ,.//
material; #£30 e e

Electrostatic Stability
a tﬂgjull

Putting a Voltage on #»e wire in a coaxial ﬂ

Arrangement, makes i worse. It will touch

Thewallat U -1.43121 Et"élnE
o gr I a ————

The elstat,displacement grows with init.5!

Wire planes get unstable by the degeneracy: -
) @ @
Typically for dia.=20um wires at 60 g and 2.4kV &‘ ® ® <«—>

L < 80cw
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DRIFT CHANBERS

Instead win [2mm — 1 wiv /I-Ocm ~ Eﬂ-l"&t (GU\‘-H-IL.’

y
c }d' A Field Wire
roun Rubby
Plates '\ 3 v b":'“
1 Sense Wire
a)
; I-Beam fur ﬁald shaping
Ground N /N
Plates @ Becher 75
1 \ Sense Wire (DF 4§
e (NS 00

IJ_'LE .-II!.'J

LTI _;_q_;_lg__

5', — = F.iéldw”e : , ;

R TG, ot

Sense Wire




New Design

I - Chamber

6m mechanicai

& Fieldshaping
ISR,PETRA




RecallE & M

Charges (e) follow field line of E

Metals are equipotentials ¢= const

wire plote

®)

E=-grad ¢
* Superposition valid at all points

Laplo.ce 5 Poisson

Vig-= 0, g
Prugra.ms: Moxwell Gnr)(t-t.fd aey
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Oas RAD Databass Plot Browser

Data you requested from Drift ﬁas R&D Home Page

If used, please reference: "L L. Becker et. al. Gas R&D Home Page (hitp//cyelotron.mitedw/drift)*

V (parallel to E) alpha (relative to E)
firtCHA (981 18)% ArICH4(981 18)%
1e.8 ayélo.mit.e "
a.p B4 Cs 768 Torr Bi= .08 T |
a MIT LHS . o
o 8.8 | : b B e R 2T b
- e = |.36 o
£ 7.8 { i i H'; 248 T W -
i) -~ = .38 —— W
LA ' g e 0,88 T % ] 3
5 E_B:f\ | xfR = @.18 —— =
= =
OEE o o -l ] ) | [ |
3 2 r=A u‘% 1N | E:
a i | ' >
- 2.0 | | T T T =1 1l
. &
- 1.8 | : 4 =
.0 1 i i 1 | 1 a.e L | ] ] 1 1
8.8 8.2 B.4 8.6 0.8 1.8 1.2 1.4 9.8 9.2 9.4 9.6 B.8 1.8 1.8 1.4
E field (k¥ om} E field (kY- cm)
magnily mugnily
| ; : ! P it Ansl ]
V= Uy (1-0 B2/ 4 Uy (Beny ) (B2 422 By 4 W(E -0, ) sin(alpha)=V, B/(10*E)+P + P, *E+ P, *E2
BT U E U, E W a8y 2 X Ydof ?y P, Py X %/dot
0 3523 0.0 85932 980 -0834 0000 0000 219 0.000 0.000 0.000 0.000
02 2532 0.7 35640 591 0000 0041 0000 136 0,487  -0.B84] 0.388 0.290
0.4 3,736 006 0000 000 <0752 0203 0.000 1.30 0.855 -1.124 0,400 0,101
0.8 2.411 0.07 0000 000 0000 0499 0000 010 1.287 -1.293 0372 0.235
V (parallel to E) alpha (relative to E)
HerCH4(I@11@3% HeiCH4 (9B 183 %
18,8 88.8 ] e r
9.p B4 Csy 768 . Torr Hlm Q.88 T [+ | 4 Cy 76@|Torr] Bi= 8.88 T '+
s HIT LHE& uig = §.83 — ~ 7B.B MIT LHS | WNE T WL
= 8.8 - 1 | 1 - P KT e PR : Bi= 8.00 T |4
o1 x4E = 9.3 — % 68.8 ' T et B e ——
L 7.8 - { | R eAT T e = Bi=g,48 T |B
oy e = L.B7 — & sa.@ - %42 = B B0 f——
L ' T ¥i= 5.9 T % T 2 Bi= 8.88 T X
= 5.8 - : | xR = po4] —— s 40,8 } xtB = |80 —— |
v =
g £ 3e.0 [t -
wh 3.8 I "-r
g b E0.B e =
= 2.0 T
> 1.8 b . _ . A a8 1g.8 : : .
7 H b o e
a.@ i L i I L i B @ i 1 i i A e
2.8 8.2 B.4 8.6 B.8 1.8 1.2 1.4 8.2 9.2 B.4 8.6 B.B 1.8 1.2 1.4
E field (k¥rsom) E field (k¥~<om?
magnily magnify
it Veloi | p ; | |

-» better



Detector R&D at MIT

U. Becker, P. Fisher, K. Ensslin, J. Thompson®,

T. Fazio*, R. Henning, B. Demirkdz, J. Lue, M. Sekora,

E. Rhode, S. Yue, J. Pate, B. Stacey
*graduated, 2002

Drift MWPC

Advanced Search Preferences Search Tips

GOL )gle Y |darife gas

Google Search | I'm Feeling Lucky |

Searched English pages for drift gas  Results 1 - 10 of about 150,000, Ssarch took 0.33 seconds

Category  Science > Physics > Nyclear > Fusion > Magnetic

The MIT LNS Drift Gases R&D Experiment
... Drift Gases R&D Database Search. Please choose the required options from among

the fallowing, and then submit your search request. We currently have the gas ...
cyclotron mil. edu/dnfl/ - Bk - Cached - Similar pages

— 773+ drift gas mixtures on the web







;- ol . Measurement

| P moveable mirror
s AX —=
i j >
) UV beam
¥ ] window
] o=
cathode 1
plane ™~ i /pad
= .
S E
P @ : ;‘signal fu' < Ax
Jrom : wires " T e—
e : At
I | -
Y=t =2 ‘el | anode
z | L
: mesh
X L |
[ ]
v Y
- B mm —————
cathode plane laser (into plane) voltage divider
i e s i =
= meeeoud =;,/‘, =
| =t .. =
EOmm.  Ade—— Edqit  © Bext i,&__ alx ....... :/f ;
tential d R :/ =
— i E}-—- amplification
ANTINE ¢ vz 98p
\ R | I I W \signal wire
X pads  anode mesh J
¥ pad ;E':arge distribution

_ A
Tano E-E

Differential ~ ACCURATE



Noble Gases: V (B), a (B)

Ne

Ar - Kr

Xe

90%

80%

W OO0 W OO0 W o

70%

"0 05

0 05 1 0 05

:

e B=0.0T

« B=0.8T

50 | Deflection |

30

90%

60
30

80%

60 |

30

70%

0051 0051 0051
Electric Field (kV/cm)

0 05 1

y2K190Becker *



Use Cross Section
M-Boltamann _
- > qE
10_,14 _rPJ'{‘ .
Low Xo Ew-ﬂﬁ""“t |
$ : HG e
o 107 10° 10
TPC :
. S 40780
Expensive 10 e Ne
Cheap

Calorimeter ‘E
o

TRD

1 0-14

10

o (em?)

=14

10

Ng-w"'

Tl N\
‘_,10 ‘...“.-.“.... HHP PR Ay g
b

10!

10°
Electron Energy (eV)

10™"

Effect

Vo

o large —> slow

odd medium

Ramsauer fast

Mininjum

v, Y

Quenchegdyr
\ absorbs UV

STOP Z,L

y2K191Becker



"Universal Curve" describes all B data

Vt=V”/cos( ) (cm/us)

Kr: CH (90:10)%

>
4"1;-

A A
o Ty,
A ﬂ‘“"ux“h
Ay
IR C S
2 v
B
Kr:C_H, (90:10)%
. Sadn 2 TN
‘f M
{ N
/
E driﬁ=Ecos(a) (kV/em)
0:5 1
Universal Fit Information
B(T)
0.0 A ‘IJ1=U1{1-E"Eu'ﬁ}"E1}|+U2{Ed—aje"Ec'merz+W{Ed—e}
g-i o ™ u=23 g-0038y-20 E£_-56 w=0 - 0086,_0
08 »| 2™ y-25 g-021 U_zs £=48 w=0 0079, 0

Reduce Data and Interpolate!!!




Understanding the Influence of Cross Sections

Example:

N> moderates e~
energy into minima

— increase of Y|

Kr has larger

BKAC N, (0:100% effect.

@KriC H N, (85:10:5)% f

s AEC,HN, (80:10:0)% _
NzC._,HBH tl&ﬂﬂ.ﬁ]“k H-Il?fr

0 0.5 15 2

E[k’lﬂun]

Ref: E. Fortunato, U. Becker, R. Dinner. Understanding the

impact of additives with large inelastic cross-sections on drift

chamber performance. NIM A421 (1999), 278-283.

— Ta_llor Features of Drift Gas



& consider a normal drift tube working in proportional mode.
at G = 10°. You increase the voltage (gain) on the wire.
a) What will limit the Gain eventuallyy’
b) What is the function of the quencher?

@) @ Badk warel pre ?a éﬁ’ﬁétm

6F Uy f-rmq the avalandhe

» f.noparh’m@& region
2 Eﬂlrﬁamw odle

P @v&féar e ool



2.You are given the drift velocity in a gas at 1 atm as shown below.

a) Sketch the expectation for 3 atm.
b) A magnetic field of 0.5T is turned on and the electrons by the Lorentz force
are deflected by tana = .77 (vxB)/E. Roughly how would the curve look theny

a} E/P Multna - F=3E \\]%!F)

lu') E2® fana-d0 £ cva ~E K. s

E-» 0 leas? ® E@L»0



3.Given the following cross sections for electrons in a hypothetical gas, sketch

Your guess of a drift velocity vs e (orE/p).

il
108

ID-IE

A

o A
1{)—1:

ID.h‘




Quick Check

1.If a minimum ionizing particle leaves in Argon at 1 atm 90 e’/cm in 20 clusters
behind as a “track memory”, a)what would expect in Helium?
b) Estimate the efficiency of a 0.5 cm parallel plate counter.

l) B:.Hu BZO“

__= e .P‘Pt zm,cT-..jl L ij

Ziu__g,,?; — Ne~30/9 =10 ()
a1 N, ~20f5 = 2.2 (5)

'ﬁ) Relevoms : clushers
Fruknhm ke b baw wo clusher v 0,5

epg | B2 3T
Plop) =€ "= e * =
_ (91%)

Eg 1~ ¢ 677



