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The Q-method

= Boris Dolgoshein got interested in TR
studies In late seventies

= At that time the dominant method was a
simple total charge measurement (the Q-

method) when both dE/dx and 'R were
measured together

 @Q-method drawbacks:
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TR R&D for HELIOS

= Before that B. Dolgoshein was involved in the 1-experiment at IHEP,
Protvino, which detected excess of prompt muons

= Other experiments detected prompt lepton excess as well

= The proposed HELIOS experiment at CERN was to resolve
the prompt lepton puzzle

= |t became a largest CERN SPS collaboration at time
(about 200 physicists)

= | epton trigger was required for HELIOS
= Can the TRD be used for the trigger?

= A series of R&D studies were conducted to improve the TR

detection methods
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Angle BetweenrParticle Irack anad
(Transverse Separation)

Three mechanisms for angular separation:

1. Angular emission of 'R Is rather small ~1/gamma
2. Multiple scattering Iin the radiator

for € at 2 Gev/c the MS angle i1s ~10 times larger
than the TR emission angle

3. Deviation of the charged particle in a magnetic field

= [his method of separation dE/dx and TR requires a long
distance between the radiator and a chamber and

therefore can not be compact
= Nevertheless it may be used under. specific conditions,

= cspecially if radiator is installed in the magnetic field :




Iypical’expernimental setup to'use dilferences in

dE/dx and IR emission angles in respect to a
particle track from NIM 180(1981) 409

I'lhe measurements used both total charge and a
transverse width of a signal (as an angular
Information) to improve the TRD rejection
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Inrthe experment only ene radiator-chamber module
was installed at the beam, measurements were used to
calculate pi-K and pi-€ rejection for multi-chamber setup
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Cluster Detection along Particle
lonization Track

= |onization density. is different for particles
and 'R photons:

= Particle ionization Is distributed uniformly
along the track (except the o-€)

= |onization from 'R photons inithe gas is
localized in a small'space, Which produces
clusters ofi charge

= naddition IR photons are not unifermly absoerbed
along the driit distance, but are located mostly.
near the imputwindow




For the first time the cluster methoed 'was used in

the paper NIM 180 (1981 413
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Experimentall Setup
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AllfMethoeds Were Used for Particle ldentification

=S Conventional (@)

= total'charge

measurement
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Conclusions of the Study

= Cluster counting
method (N) is superior
to the total charge
method (Q)

However, in this study
the gas thickness in
the chamber was not
optimal for the Q-
method

Likelihood method (W)
did not show a large
enough improvement
to became practical
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NA-34 EXPERIMENITHELIOS

(High' Energy Lepton and lon Spectrometer)

Prompt lepton-trigger requires-highly sensitive-electron-identification
For electron trigger both a U Liquid Ar Calorimeter and a TRD were used
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Cluster counting was' implemented ior the
first time Infa TRD of the physIcs experiment
HELIOS (NA-34)

sEAISOIHELEIOS Was the st example, Where

RIS Used at the' same time as: a tracker
EEiRIDMas eightiradiater-deteciormodulesiwith anede and

catnode sthpsreadout; Its tetaliength was 7.0/cm

= Evenradiatorshasiengthicd -mmianacontaimss2s0
pPolypropylene(CHZ)No1ls

= fhe thickness off 150/ nearest torchamber folls was: 20 micron;
therrest iollsswerne 80 micron thick

= Gap between ollsi= 230 micron
=R SUchNeISIConligurationincreasedNliRNIEIdY 66
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Stesalite frames

HELIOS

TR s
Chamber

The longitudinal drift

chamber is more
suitable for iqnization Drift space . Anode space
cluster counting: U i 2x4mm
-clusters concentrate .(w_mm, :
in a small space i * ||~ Anode
defined mainly by TRY A

. . —'—‘—‘»/ e
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. Fig. 34. The design of HELIOS TR chamber with the double
nOt ContrIbUte tO a cathode window: the internal window is flat; the sag wf the

tota| Charge Of ClUSter external window does not influence the uniformity of the
cathode—anode field.




HELIOS TRD had
projection
geometry in-order
to point to the 50
micron target
Therefore anode
and cathode
pitches were
varied from

module to module:

2.3 mmito 2.8 mm
for anode wires,

4.6 mm to 5.6 mm
for cathode strips
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TRD Periormance at High Viultiplicities

SO farwe discussed iselated particles
» |nrreal’ experiments the multiplicity of'secondary particles is highrand
the rejection powerof- TR s quite different
In‘this caseitistneeded tolecalize the particle track-and
countene ortwoerclustersinearest teranede andicathede
= For best results in offline external drift:chambers and Sizpad detector
Wereinvolvediiorn targeting
@ptimaliwidihreiscotnting clustensroadscontainitweranede
andenercatode(ioreneranode=205s clustersraneiost)

= EVERNNIAIS Case the prekability torindimoene than ene panticlennione
IRBDrelementwas stilifaign

=hisSisSTmaineasen ardegnadationve|ection powerunderthisicondition

NextttwoerslidestsheowisomeresultstoptamedintHER @S
EXPENment
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Fig. 51. Pion suppression of the HELIOS TRD under differ-
ent conditions.




Nevertheless rejection o HELIOS IRDIn case p-Be
iInteraction at 450 GeV/c still'is 2.5°10%-2
It provided a pure enough sample of non—isolated electrons
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ig. 52. Cleaning of electron candidates as seen without TRD
(a) and with the HELIOS TRD (b) in p + Be interactions.




Conclusions

= R&D studies led by B. Dolgoshein
developed ITRD technigues for HELIOS

= A successful use of TRD in HELIOS paved a
roadmap: for: further TTRD/tracker development
for the LHC

= A'subject off A. Romaniuok talk at this session




APPENDIX




Cluster Counting Details

In wire chamber track ionization collected in a small region
of the anode wire. After multiplication a density of positive
charge is big enough to suppress gas gain. This local charge
effect depends on gas gain and a track slope in the chamber.
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Positive charge is accumulated by dE/dx as well by clusters.
The previous clusters on the track create some dead time
(tau) for registration of subsequent one.

Effect of charge from dE/dx look like smooth drop gas gain
and therefore smooth increase cluster threshold during drift.

To compensate space charge the floating threshold was used.
High threshold (12KeV) was kept all time. Promptly after
pretriger threshold jumped to 7 KeV, than smoothly dropped
to 4 KeV and at the end of drift time returned to high threshold
again. This simple method improve rejection power of TRD on
factor 5.
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Below some beam-test results are shown
For all of them a floating threshold was used
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All anodes — number cluster from all anodes should be > THR.

Trigger mode — number anode and cathode clusters should be > THR
Off-line mode - a maximume-likelihood method, using two-dimensional
distribution cluster on anodes and cathodes.
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Fig. 46. Rejection power of the HELIOS TRD for different
methods of analysis.
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