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LHC Requirements

* High granularity for high track density

* |Low material budget

* Speed : bunch crossings every 25ns, detectors and their electronics
need to be fast.

* Radiation hardness :

>Expected accumulated dose =2 10° Gy / r? / year (r in cm),

>70kGy of ionizing radiation

* Magnetic Field for high momentum precision
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Gas Detectors
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Primary Tonization Total Ionization

Fast charged particles ionize atoms
of gas.

Primary electrons will have enough

kinetic energy to ionize other atoms.

d_E.Ax

AE _ dx
Wi Wi

ntot—=

ntot: number of created e-ion pairs
%3 to4timen .

AE = total energy loss
Wi = effective <energy loss>/pair

Tonization of Gases
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Number of primary electron/ion pairs in

frequently used gases.
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Tonization of Gases

L —

* Primary ionization is Poisson Distributed

n"e" __L
— =1 .
P(m)= ! n—A— no,

The detection efficiency can be much lower than 1 for thin layers

E=1—P(0)=1—e¢

eg: Imm of Arn_ =25=¢e, =092

* Impossible to detect ~100 e"/ion pairs (amp noise = 1000 e-)
— Needs amplificationl!!
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In the ionization, the ejected electron
will have a kinetic energy: O<T<T, .

A(3-ray)with kinetic energy 7, and
corresponding momentum p, is produced at

an angle © given by

T, Doax
Pe Toax

N ~ where p,__is the momentum of an electron
~ with the maximum possible energy
== fransferT,..
&~ This (knock-on) electron can therefore
L. have enough energy to ionize (far) away
from the primary frack.
Knock on:

IZIB \\ﬂ\ | | Ketp (K +p

| slow
http://www.ep.ph.bham.ac.uk/user/watkins/seeweb/Bubble.htm p

cos® =

Writien by Peter watkins of Blrmmgﬁam_mmm 3
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d-electrons and other fluctuations (2).

This leads to large fluctuations in the

measurement of the deposited energy:

Landau fluctuations.

~(A+e™)
(Normally) approximated by: J(A)= \/

27T
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Amplification - SWPC

r i Vo C=capacitance/unit
| E : E(r)= o 1 length
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? o tm). Enough energy to ionize
100 \ [ TTT > And cause an avalanche
4‘ \ J% ““\ Argon
Elastic A N
e \ anode ,
Excitation \\ - primary e-
5 50 = f
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\\ lonization Vl%
N Al N * The number of e/ion pairs increases
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L. B. Loeb, Basic Processes of Gaseous Electronics
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Excitation....
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Orbital angular momentum |

De-excitation of a noble gas is only possible via the emission

of a photon.
If the photon energy is above the ionization threshold for

other molecules in the set-up, new avalanches will be

created.
— Permanent discharges

\_
11.6eV

_ Lo WaVaVara o

Cu

cathode

10
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Quenching

* polyatomic quencher (H20,
CH4..).

* Absorbs the di-excitation
photons into vibration, rotation,
dissociation

symmetric stretch asymmetric stretch
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What amplification to expect ?
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Signal formation

o+ A
R b et '
N, icv, J ar 2wl r

H-H‘-. 0
.J v

: R
I/i;;gnal -+ Q —dl" -+ Q hl
a b = d e i ICVO rp+A dl" 2775‘0[ rO +A

The signal is the change of E field
generated by the moving charges.

* If all charge is created at distance
A% few um from the wire

e V. /V_=# 100

> Signal duration depends on ion

drift time
> E field varies due ion drift - the
TSR a—— gain, too.

Chamber with L =8 mm, s=2 mm, d=20 gm. “SFM magic mixture': argon+iso-
— butane (80 —20) and 0.4 percent freon 13 B1. 100 percent efficiency.
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Operation Modes
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Veltage (V)

ionization mode - full charge collection,
but no charge multiplication; gain ~ 1

proportional mode - multiplication of
ionization starts; detected signal
proportional to original ionization -
possible energy measurement (dE/dx);
secondary avalanches have to be
quenched; gain ~ 10* - 10°

limited proportional mode (saturated,
streamer) - strong photo-emission;
secondary avalanches merging with
original avalanche; requires strong
quenchers or pulsed HV; large signals —
simple electronics; gain ~ 10%°

Geiger mode — massive photoemission; full
length of the anode wire affected:;
discharge stopped by HV cut; strong
quenchers needed as well
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SWPC example ATLAS TRT

Barrel SCT

Pixel Detectors
372000 straw proportional tubes

Inl<2.5

Xe-CO, -0, ,70%,27%, 3%
Gain ~2.5-4 10*

4ns e- collection time in B=2T

Beam test result:

Hit efficiency: 96.7+ 0.8%

Drift-time accuracy: 133 + 4 Cm

06/09/07
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Multiwire proportional Chamber

* Nobel prize 1992 (Charpak)

* Normally digital readout :

Kathode * spatial resolution limited to

i . _i
| Y
" * ford=1mm o=300pum

l!

i
Anoden | | ‘ I\ & ' i ,
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Drift Chambers

e | Measure the arrival time
scintillator ' Stop TDC .
on wire.
|— Start
x =v, (1 —t,)
- 8
low field region high field region - ¢
—> drift tigation Anode Wire A
I i 4 \
” :. _—-_/.rf \\ .
&= Drift

Single electron

C.Joram,” = ~ Y
e '-\

F. Sauli, Gas filled Detectors, IEEE 2002

Several electrons Many electrons

Error on first
electron

__; 23In N z

Detection

ol ol

N-100 o,~040,
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* Thermal diffusion : N T2 D7 S aDi

2
dN 1 X

Electric
Field _ o - ' | >
@ Electron Swarm Drift
A At
S Dbt Bl 4
E= D= Diffusion coefficient

RMS

o,;=\2Dt
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Electron drift in E field
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Some planar drift chamber designs —Optimize geometry — constant E-field
Choose drift gases with little dependence v (E) - linear space - time relation r(t)

10% Y

Field Wire
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Sense Wire
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Drift of ions with E field

* Drift velocity of ions nearly<E =4~ UET
- o T . i
* Mobility: #”"==—  constant for givengas “
fixed P and T, direct consequence of the fa i, |
that average energy of ion is unchanged up g
. . 1
very high E fields. <
i
* Diffusionof ions __ 3 De £
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Electrons in E and B fields

LOB tan £ER=z> |

1+or

Lorentz angle B 1+ w’T?
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This reduces transverse diffusion.

FOQ 08 (P Detectors, IEEE2000 M rie]l Vander Donckt
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Magnetic field effects
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The CMS muon system

Environment
+ random hit rates
up to 1000 Hz/cm?
20 kHz/channel
4 times larger than mip signals
* punch-through rates
up to 100 Hz/cm?
penetrate through all six planes of a chamber

electromagnetic calorimeter i muon chambers
hadron
calorimeter
DT+RPC
~ tracker
- CSC+RPC

24



Drift tubes

Cell designed to have electric
SEESuEaield as uniform as possible
=1~ Gas mixture Ar/CO, (85/15
S Y )V, !V,=-1.2/+1.8/+3.6
(kV) )

E=1-2 kV/cm

*5 Wheels - 250 DT's’,

— T - 4 station (WB1, MB2,
T MB3, MB4) at least 3
; lf . track segments / muon

‘Noise ~ B0Hz/cell

A"
VilTiF T4

Vil T

Single cell eff BX LD 99.87%

! S /mm g single cell 6=170um
13 x 42 mm2. max drift time 380ns
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Barrel Drift Tubes Chambers in Bfield

0 _aife ek Yok 1
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Cathode Strip chambers

wire plane (a few wires shown)
cathode plane with strips

* 0.9%|n|<«<24
*3.6kV

*6=7.10*

1 kHz cm=.hit rate
*99% efficiency
*92% BX id/chamber (¢

(I2mm e @ L1 7ebemmmetaniasonan
*40%Ar + 50%C02 + 10%CF4.

1S
=
= 300
§e)
=
=
8 200
2 L
o
S
‘g 100 | o 1
%) EE;:%:S:::S:::EEEEEEE::::::::::::::E
projected six-plane chamber resolution
O 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Hit coordinate in strip width units
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CSC performance in magnetic field
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Cathode stripe
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Resistive plate chambers

Qe

« Operating H.V. 8.5-9.0kV
- Gap width 2 mm
- Bakelite bulk resistivity 1-2 1010 Qcm
" - Bakelite thickness 2 mm
HV Al fail o « strip width ~ 35 mm

Avalanche created inside the gan ‘ C2H2F4 , 5% i-C4 H10

charge induced on strips

A

—

e —— ) e UL ] ]

T

i gma ing -‘._%]%LE [| E 11
el c
@'D _ ([-Pvcapacr . bakelite f 2
H - S 1
rescd out ‘%
stripa  Drift Tubes 5
—T1 L |$ _ S
| [T =
zopr” || N
’—‘ as o<3ns
e el | P —
- ————— “rr
E — = U.EI -|||||||||||||||||||||
ooz 4 & B 0

J_ 11 ||I
= RPC time resolution (ns)

06/09/07 Muriel Vander Donckt 29



Time Projection Chambers (TPC)

Large volume active detector full 3-D track

reconstruction

X-y from wires and segmented cathode of MWPC
charged particle track

z from drift time
Gnd . drifting electrons from
dE/dx gas volume with ia ot primary lonization
E & B fields <
s/ s
cathode plane A Y
"‘ ' anode plana ‘ : ,
B . —
<= ! % T
« 7 drift %
< % / a
v 1 K "= 7 _ ¢
3 =
//X X %‘,—> 7 s| ==
> PR\ "l = . 'h
y/ ‘fjf X% : o |
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Time Projection Chamber

* TPCis a 3D detector
> has no pulsed very high-voltage

> is faster, its speed is determined
by maximum drift time which for
large chambers ~ 100 ps

* spatial resolution depends on many
parameters

> drift length and diffusion
constant

Star TP @RHIC : Au-Au

2000 fr/evt | 130GeV/n

> track angle with respect readout
plane and pad row

> primary ionization (electron
statistics)

> a typical value is ~ 500 pm
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The Alice on TPCs

Usually B || E improvement
of diffusion

Drift length 2 Im

Rather (very) stringent
requirement on homogeneity
of E and B field

Space charge by ions

"Slow" detector t,~ 10 - 100  _

Us

HW electirode (100 KV
fimld cages ~—

readoul cha

i

4 \ s 520 o™ Expect dN/dn< 8000
The ALICE TPC Ne/COé/Ne 90%-10%-5%
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Positive ion back flow

* Change of field during driff,
* Minimize dead time by gating
* (open gate on positive trigger)

L1 trigger opens the gate

(6.5us after BX)

33



Other geometries generating strong E-field

MicroStrip Gas Counter

No problems of ion drift time with
these geometries |

Micromegas

i

o hod
5, | —oathode

micrgroove

anode

e v Az o] e
Equipotential and drift lines
(with zero diffusion)

06/09/07 Muriel Vander Donckt
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Scaling down...
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MicroMegas

Drift Electrode

Micromesh
== 50100 e
e — pap
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Hy 1 = FROW
Ei . - .
E lonization Region
73
[ W avi Recsiduals | = T
. 1 oy

) e R Micra Mesh HYZ = 400V

= el Vomeas g Ea Armplification Fegion Al KN I

. = ST 1057 & 57 — . l;:-rl
Toool (=3 70 m = o = Anada 51E
EOO— s‘:::‘" aaﬂe-n&g?:;uf-:: .| I N N . [ |
m__ e OOEEEsEL 3 a7 S 05
m:— lomizing Particls
TOO—
2000—
Tooal—

oz -ol.iui --:-I 1 ﬂl‘l I1:i

tem)

06/09/07 Muriel Vander Donckt 36



GEM

Thin, metal coated polyimide foil
perforated with high density
holes.

Read 0 U1‘ a O r‘o u nd DO Ten.l-uisgglam-nate

0’ T :
I DOUBLE GEM + PCB| av__ =300 v 5
é Argor-Ci0, 050 i E=a&00 Ve mm

e

ares’

L i e it B g bt S L e S _

L

B e il
B o e it e e ot e e
e =

I
e

= :---f.,:---:-;-"""'r

- - - ’J o - - -
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* Polymerisation of the
organic gas

e Dissociation and creation ¥
of free radicals

* Insulating organic
deposits on the

electrodes
Anode: E
increase — Cathode:
i strong
of wire ) .
% * 0 @ dipole
i B field
variable '®) |
E, gain £ | creation,
' S field
emission

Limitation of gas detectors : Ageing

>careful material selection for the
detector and gas system,
detector type working point,
non-polymerizing gases,
~anti-polymer-additives (alcohols,
methylal),

>surface conductivity increasing
additives (H,O vapour),

>cleaning additives (CF4).

06/09/07 Muriel Vander Donckt
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* Discharges

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

* Rate limited by space charge

> Solution: reduction of the length of the positive ion path
* TInsulator charging up resulting in gain variable with fime and rate

> Solution: slightly conductive materials

i

Tote::r“ﬁ triple GEM

sy fyveb-cem.ch/GDDX 1 riel Vander Donckt

Dhscharge probability

= 128ap

Limiting factors

Lareh 5-D-
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3107
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L¥¥]
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o

I B

GEas s s e e e e
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L Aw-00 Ti0-50

5[ Bqual AV

11lsh00

TeEEM
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10°

10®

Effective (Gam
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Gas detectors used at LHC

* 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)

06/09/07 Muriel Vander Donckt 40



L —

References

* O. Ullaland CERN Summer Student Lectures 2005
* L. Ropelewski CERN Summer Student lectures 2006
e W. Blum, L. Rolandi, "Particle detection with Drift Chambers"

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

* Field simulation in detectors: P. Cwetanski ,
http://pcwetans.home.cern.ch/pcwetans/

* (Gaseous detector group @ CERN : http://gdd.web.cern.ch/GDD/

06/09/07 Muriel Vander Donckt 41


http://pcwetans.home.cern.ch/pcwetans/

