
Workshop on future relativistic heavy ion 
experiments. 
Darmstadt, RFA - October 7-10, 1980. 
CEA.CONF. 5639 

DIOGENE : A 4 T DETECTOR, BASED ON A TIME PROJECTION CHAMBER, FOR STUDYING 
CENTRAL COLLISIONS OF RELATIVISTIC HEAVY IONS. 

J. Gosset 

DPh-N/ME, CEN Saclay, 91191 Gif-sur-Yvette CEDEX, France 

"Diogène" is the name we have chosen for a 4~ solid angle detector, based 
on a Time Projection Chamber (TPC), designed to perform exclusive measurements 
of charged particles emitted in central collisions or relativistic heavy ions. 
This detector is being developed by a collaboration ) between physicists from 
Saclay, Strasbourg and Clermont Ferrand, to be installed at the Saturne 
Synchrotron in Saclay. I shall first give the motivations for our choice cf 
a TPC rather than any other kind of detector, than recall the principle of 
such a detector, before describing it with more detail and describing its 
present status and forsean capabilities, including S C M discussion about 
the possible extension of such a detector towards higher energies and/or 
heavier beams. 

1. Motivations for the choice of a Time Projection Chamber. 

Exclusive measurements of all charged particles emitted in central colli
sions of relativistic heavy ions in the Saturne mass (up to 40 a.m.u.) and 
energy (up to 1 GeV per nucléon) ranges require the following detector cha
racteristics : a very large solid angle, as close as possible to 4 7T steradians ; 
the possibility of handling high multiplicities up to 40 or f 1 ; a momentum 
measurement of all particles, with not too bad a resolution (something like 10 
or 20 per cent), up to about I.5 GeV/c ; a good particle identification between 
IT-, p,d,t... ; the possibility of being triggered on central collisions. 

The streames chamber meets all these requirements in principle but, like 
the previous speaker pointed out, the full three dimension track reconstruction 
from stereoscopic photographs becomes more and more difficult with increasing 
multiplicity. Moreover automatization of scanning and particle identification, 
despite the big efforts that are being made, will not be available in the near 
future. That is why we restricted our choice to an electronic detector. 

We are then left with a choice between absorption detectors, where particles 
are stopped, and magnetic detectors, where their trajectories are curved by means 
of a iragnetic field. In both cases an energy loss measurement, combined respec
tively with total energy or curvature, is needed for particle identification. 
The former solution was rejected because of its limited energy range. For high energy 
physics experiments detectors of the latter kind have already been built or are 
in development 2 ) . They are called "pictorial drift chambers" or "time projection 
chambers" and allow for full three dimensions recording, without ambiguity, of 
points along particle trajectories. Our "Diogène" detector is Limply an adaptation 
of these huge detectors to our restricted energy range. 

2. Principle of a Time Projection Chamber. 

The principle of a time projection chamber is illustrated on figure I. 
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Fig. 1 Principle of a Time Projection 
Chamber. 

The particles go through an ion
ization chamber filled with a suit
able gas. By means of a homogeneous 
electric field the ionization elec
trons drift from the particle track 
to a wire plane where they are mul
tiplied. Each particle track is re
corded as a set of points in three 
dimensions. The projection of each 
point onto the wire plane is given 
by the wire position together with 
the position of the avalanche along 
the wire, measured for example by 
charge division between both ends 
of the wire. The third coordinate 
of each point is the drift distance 
of the electrons, measured by their 
drift time between the particle track 
and the wire plane, hence the name 
of "time projection chamber". In fact 
one is left with one ambiguity, the 
so-called left-right ambiguity, between 
electrons drifting from both sides o: 
the wire plane. This ambiguity can be 
removed by various ways as will be seen 
later. 

If the chamber is installed in a 
magnetic field, the momentum of each 

particle is measured through the curvature of each track. Particle identification 
is achieved by combining this momentum measurement with energy loss sampling on 
the wires along each track. In order to handle high multiplicity events one needs 
either small enough drift cells, such that no more than one track goes through 
any cell, or longer drift cells, which means less wires, but these wires have 
then to be connected to some kind of multiple hit electronics. 

Once one decides to build such a detector, one has to choose the directions 
of the magnetic and electric fields relative to the incident beam. The magnetic 
field can be perpendicular to the incident b<am, as for the UAl detector 3) to 
be installed at CERN. This choice was rejected for "Diogène" because i. destroys 
completely the cylindrical symmetry around the beam axis. Then, with the magnetic 
field parallel to the beam axis, the electric field can be chosen eit .; parallel 
or perpendicular to both of them. In the PEP 4 detector "*) to be instilled in 
Stanford, the electric fi':ld is parallel to both the beam and the magnetic field. 
One advantage is that the ionization electrons drift exactly along th.: electric 
field, and not at an angle relative to it and depending upon the magnetic field, 
as is the case when the electric field is net parallel to the magneti.-. field. 
Despite the trouble that can be due to this drift angle, this last choice (elec
tric field perpendicular to both the magnetic field and the beam) has been made 
for "Diogène", as it had been made for many other detectors like Jade. Tasso 
and Cello at Petr?,R807 at CERN, DM2 in Orsay, Mark II and Mark.Ill in Stanford. 
The big advantage is that the momentum resolution is then given b'/ the accuracy 
of the drift path measurements, which can be very good indeed. Another advantage 
is that multiple hit electronics had been fully developed for the internal detec
tor of the Jade project. It is a great pleasure to thank here all the people who 
developed this detector, especially Prof. J. Heintze, for their permission to copy 
this electronics and for their kind advices all along the development of our de
tector . 



3. The "Diogène" detector. 
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Fig. 2 - Two views of the "Diogène" 
detector : 
a) upper part of a radial cut in 
the vertical plane. 
b) cut through the target perpendi
cular to the beam axis ; 

The configuration chosen for our 
"Diogèr.e" detector is shown on figure 2. 
A magnetic field of 1 Tes la,homogeneous 
within 1 % in the whole active volume, 
80 cm long and 70 cm in diameter, is 
provided by a classical solenoid, made 
with aluminium coils, and surrounded 
below and above by an iron yoke. The 
horizontal plane is left available 
around the coils for detection of neutral 
particles. The time projection chamber 
itself consists of IC sectors, each of 
them subtending 36 degrees of azimuth 
arcui'.d an internal beam pipe, 1.3 mm 
thick in stainless steel and 10 cm in 
diameter. In each sector there are 
16 sense wires regularly spaced along 
26 cm. This configuration leads to 
10-15 % average momentum resolution for 
particles leaving the active volume la
terally and hence hitting all 16 wires. 

The pressure vessel, 4 mm thick in 
stainless steel, is filled with an argon 
propane mixture, at a pressure than can 
be varied between 1 and 4 atmospheres, 
depending upon the incident beam energy. 
It will thus be possible to make a com
promise, at any energy, between good 
momentum resolution, that requires low 
pressure to minimize multiple scattering 
effects, and good energy loss resolution, 
that requires high pressure. The argon-
propane mixture is our best choice for 

minimizing the drift angle, at a value of around 25 degrees which required a 
saturation of the drift velocity at a small enough value, of around 40 mm/us 
in our case, for a small enough electric field, of around 1.5 kV/cm, in order 
to avoid high voltage problems. 

One important feature has to be noticed. The wires planes are not exactly 
radial with respect to the beam pipe and the pressure vessel. They are rather 
shifted by about 2 cm from the axis o? the chamber. This helps very much in 
solving the left-right ambiguity between tracks from both sides of a wire plane, 
once it is known that a good track must originate from the axis of the chamber 
on :which the beam is aligned. Moreover, like in the internal detector of Jade, 2 ) 
the wires are alternately staggered by ± 200 pm from the average wire plane : 
this is the usual way to take care of the left-right ambiguity. 

The trigger consists of three parts. One barrel of 30 scintillators, hence 
the name of "Diogène", measures the lateral multiplicity. Two multiwire propor
tional chambers are placed upstream and downstream of the TPC in order to measure 
the multiplicity of particles emitted fcruard and backward. A plastic wall is 
also being designed to detect and identify, by means of time of flight and 
energy loss measurements, particles emitted in a very narrow forward con? and 
going through the hole in the iron yoke. 



4. States and test results. 

The magnet has been ordered : the iron yoke has been already delivered 
to Saclay, the coils should arrive next month. The lateral trigger has been 
built and tested. The upstream and downstream wire chambers are being tested. 
The plastic wall is being designed. 

As for the TPC itself, the prespure vessel is being ordered, and one 
sector prototype has been tested, both with cosmic rays and particle beams i 
frora the Saturne synchrotron. The following resolutions (full width at half 
maximum) have been achieved : 400 urn for the drift distance and 1.8 cm for 
the coordinate along the wires. The first figure is what we expected. The 
second one should be improved a little by lowering the electronic noise. The 
tests with particle beams were performed last week. It is thus too early to 
speak about the energy loss resolution that has been achieved. 

Because of some high voltage problems, we are redisigning the mechanical 
structure of the 10 sectors for the final detector. These sectors will be built, 
mounted and tested all over next year and the whole TPC shouLd be ready IO full 
operation at the end of 1981. 

Another very important task in such a project is the track reconstruction. 
A program has been written and tested on events originating from a £.: ..LI 
simulation. An example of track reconstruction is shown on figure 3. F. .- each 
event the program must put together the points corresponding to each track, and 
at the same time solve the left-right ambiguity. For each raw data point, 
given by the wire number, the charge division and the drift time, there are two 
physical points, symmetric with respect to the wire plane. These two possibili
ties are shown on figure 3a but the program must suppress the wrong one. The 
algorithm of the program can be summarized the following way. It first seclects 
peaks in 6-histogram for each sector, 6 being the polar angle in the (r,z) 
plane. Inside these peaks, two points are selected, one with large radius, the 

Fig. 3 - Track reconstruction of a simula tod event : a) (r,.-;) project!-n of 
ail measured points, with the tv:o possibilities dv.<- to the let t-ri;;hc •'-''.-
guity ; b) (r,:) projection of tiie track» recognized by the program ',-••< r 
projection of the tracks roco~ni;:cd in all 10 sectors. 
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other one with medium radius. These two points and the target define a circle in 
the (r,i) plane. For each circle thus defined, the program looks for ail points 
close to this circle. If there are many points on the selected circle, it defines 
a particle track. Otherwise the program continues and selects another cirrle 
It should be noted here that the shift of the sectors with respect to the bearr. 
axis removes the left-right ambiguity : if one track goes through the tar^t 
point, the symmetric track with respect to the wire plane docs not go through 
the target point. Then, for each particle track, physical quantities (momentum 
mass and charge) are determined from curvature and energy loss. 

5. Final remarks. 

Let me first summarize the characteristics and expected performances of 
our "Diogène" detector. The TPC covers about 80 Z of the full 4rr steradian 
solid angle, at polar angles 6 between 25 and 150 degrees. In fact these 
limits are not so clear because at very forward and backward angles, even if 
particles can be detected, the momentum resolution becomes very poor because 
less and less wires are hit. "Diogène" can handle large charged particle mul
tiplicities, up to at least 40,the absolute maximum being 80, corresponding to 
8 hits par wire in each of the 10 sectors. The resolutions are the following 
(full width at half maximum): 10 to 15 % for the momentum, as shown on figure 4 
for protons, 1 to 2 degrees for the polar angle 5 and less than 1 degree for 
the azimuth cp. It can identify the nature of various particles like TT±, p,d,t.. 
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Fig. 4 - Momentum resolution for protons at various momenta and laboratory 
angle : (a) 4 atm. pressure and target located 20 cm upstream from the target, 
(c) 1 atm pressure and target located at the center. 

For a better identification between high momentum TT and p, the advantage of 
going from 1 to 4 atmospheres pressury: in the chamber is illustrated on 
figure 5. Finally the detection thresholds are the following : 20 MeV pions 
and 50 MeV per nucléon nuclear fragments can go through the pressure vessel 
and hit the lateral trigger, but 10 MeV pions and 20 MeV per nucléon nuclear 
fragments already go through the internal beat» pine. In fact these la.st values 
can oven be lowered if the internal beam pipe is .suppressed, which we are 
thinking about, at least for experiments in the low energy range of the 
Saturne synchrotron. 

With these performances 1 an pretty :-.oni'ident that "!)ir>".èni.>" can do .; 
good job Ln rei ativistic heavy ion puysiCo, but we have now to get reauy î-.;r 
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Fig. 5 - Pion-proton identification at 1 CeV/c momentum through truncacad 
energy loss with 4 atm. (a) and 1 atm. (b) gas pressure. 

analyzing such rich pieces of data. A big effort is needed during the next year 
in order to find the best global variables, than one can measure with such a 
detector, and could contain information about the dynamics of central colli
sions between relativistic heavy ions. The aim is of course to answer some 
crucial questions such that : is there any kind of equilibration, thermal or 
even chemical ? is there any evidence for collective effects predicted by 
hydrodynamical calculations ? what is the equation of state of nuclear matter ? 

Despite its good characteristics, "Diogène" has already one limitation : 
there is no detection of neutral particles and this will affect, but I do not 
know by which amount, the measurement of global variables. As far as the future 
is concerned, such a detector would have more severe limitations. First it 
cannot handle the very high multiplicities that are expected when heavier beams, 
up to uranium, become available. Secondly it will have bad resolution for par
ticles of very high momentum that are expected when higher energy beams 
become available. Lastly the inefficiency at forward angles will become more 
and more important at higher energies. A solution to all these problems could 
always be to build a bigger detector, similar to or even bigger than existing 
high energy physics detectors. But to keep a reasonable size for the detectors, 
it should also be possible, in the near future, by developing new techniques, 
to go back to visual detectors and use for example holographic bubble chambers s) 
that would give a resolution as good as a few micrometers in all three direc
tions ! 
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