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This addendum answers to the specilic questions that were raised by our request for the extension
of NA 3R, as presented in our previous note to the SPSC [1]. The set-up = calorimeter proposed for
this extension as well as the quantitative improvements expected from the new data are discussed in

detatl.

L THE GOAL OF NA 38 SECOND PITASE

As pointed out in our "Addendum to Proposal P2H” submitted 1o the SPSC [1], the results of
the exploratory phase of experiment NAJIR carried out in 1986 and 1987 nced more and hetter data,
The observed transverse energy o dependences of

a) the ratio of J/\¥s to the mnuon pairs in the mass continuum

b) the transverse momentum P of the J/'¥
have triggered a great theoretical effort [2] with the aim of explaining the cxperimental results [3].
"The second phase of experiment NA3R is intended to try and discriminate between the two lines of
theoreticai models which lead to different predictions (fig. 1), i.e., absorption by nuclear matter or by a
dense ladron gas versus Debye colour sereening in a quark-gluon plasma.

Our goal is therefore to accumulate a substantially Targer amount of data under better experimen-
tal conditions. 'The considered improvements result eventually from a compromise between three dif-
ferent options that cannot be optimized simultancously, ic., the quality of the measurement of the
transverse energy. the mass resolution of the muon pairs and finally the rednction of the background

duc to muonic decavs of hadrons.

L THE EXPERIMENTAL STRATEGY

Our final ehoice has been determined by the data analysed so Tar. They show that, for the study
of the T and "V as a fonction of 17 the improvement of the energy measurement and of the mass
resolution of the muon pairs bring marginal qualitative gains whereas the reduction of the backeround

will decrease both the statistical errors and the systematic uncertainties which could originate from the



background subtraction. Tet us remind here that in the ease of Sulphur-Uranium interacttons and for
muon pair masses of 1.7 GeV/e? for example, about 75 out of 100 apposite sign muon pairs arc duc to
hadronic decays with the sct-up used until now, schematically represented on Fig. 2. New data with a
stenificantly lower background are therefore a must although consistent checks indicate that it is
extremely unlikely that the results obtained <o far are duc to an incorrect background subtraction {37,
In order to reduce the background. larger quantities of high density materials, with low 7. to pre-
serve mass resolution, have to be used as absorbers as close to the target as possible. This constrant
has fed us to consider in our last Addendum [ 17 two calorimeter-absorber conligurations which had

been studied and simulated (sce Appendix 1 for details). They are discussed herealter.

I THE (U CALORIMETER

The idea was to use a converter with a ratio {inleraction length)/(radiation length) smaller than
that of Pb so that the calorimeter 1s, by itself, a more efficient absorber than the present Pb— Fiber
calorimeter. The configuration which has been studied (Set-up nr. 1 of Fig. 2) consists of a calorimeter
similar to the existing one but using Cu instead of Pb as converter. Tt is also somuewhat shorter, 1.e. 8
instead of the present 14 radiation lengths, The calorimeter s separated from the target by [5em of
BeO) and followed downstream by a pure C absorber, With respect o the conligaration used in the
past and taken as referenee, this set-up leads to a somewhat better mass resolution due 1o multiple
scattering (> 75 MeVice?) and to a rate of decay muon pairs multiplicd by 0.65. A further reduction of
the buckground can be obtained by using a 10 radiation lengths calorumeter followed downstream by o
10 em thick pure Cu absorber, replacing 10 ¢ of pure carbon. Background is then multiplied by 0.53
but mass resolution due to multiple scattering rises to the present value of 90 MeV/e?,

The resolution of such a ealorimeter {or the neutral energy produced at the “knee” of the 28
spectrum, i.e. for 170 7% s in the average, is 6.5%, comparable to the resolution of our presently exist-
ing calorimeter. Tts disadvantage lics in the fact that, together with the neutral energy, i measures
about twice the fraction of the charged energy measured previously, te, 4000 versus 17760 This charged
cnerey is measured with a poor resolution in onr electromagnetic calonmeter inducing thus an exira

nncertainty which needs a model=dependent correction.
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A further disadvantage of this Cu calorimeter is that it needs a new rescarch program for the

development of a specific technology.

IV. THE "SAMPLING” CALORIMUTER

The idea here was to try and separate completely the energy measurement device from the absor-
bers, so as to decouple the two conflicling requirements of having dense but low 7 material in front of
the target and high 7 converter in the calorimeter. This is achieved with the sarnpling” calorimeter
which occupies only angular domains outside the six circular scctors corresponding to the air gaps of
the magnet [ 17, 1., outside the useful azimuthal acceptance of the muons in the spectrometer.

In an ideal configuration where absorbers along the trajectories of the accepted muons consist of
100 cm of BeQ) followed by 445 cm of C as schematically represented by sct-up nr. 2 of Fig. 2, it
becomes possible to improve the mass resolution due to multiple scattering to 60 MeV/¢? instead of
the present 90 MeV/c?, with a resulting oy of 125 MeVjc?, At the same time, the background is mul-
tiplicd by 0.58.

The linear dimensions of some of the cells of the sampling calorimeter as well. as those of the
inner rings (4.0 < 3 < 5.2) are comparable to those of the developing electromagnetic shower. This
would normally ead to a bad resolution for the measurermnent of the transverse cnergy in the calorime-
ter, in particular if the detector was intended to measure the energy of a single particle. As a matter of
fact, the proposed experiment measures the flow of neutral energy produced by a large number of
photons corresponding typically to about 200 2”’s in the casc of central Sulphur-Uranium collisions at
200 GeV/nucleon.  As can be casily guessed, the measurement of such a large number of photons
minimizes fluctuations. The simulation performed with a Monte-Carlo program (see details in Appen-
dix 1) has been confirmed by a manipulation of our experimental data. It shows that o(T:%)/E%
the relative resolution of the ncutral transverse cnergy flow measared in the calorimeter, goes like

»

1/ /N, where N is the number of detected neutral pions. The “sampling calorimeter” considered here
has an overall resolution o(Ii%)/E™p &~ 9.5%, to be compared to 5.5% obtained in the runs of

1986-1987. Moreover this resolution gets even worse and amounts to o(E" )/ 2~ 16% if we con-



sider only the ncutral transverse cnergy measured in the pseudo-rapidity interval corresponding to the
muon pairs, i.e. 2.8 < » < 4.0, as in this region the calorimeter covers only one third of the azimuthal
space. This serious drawback, although tolerable in our casce, has nevertheless led us to a different

choice, as detailed hereafier.

V. THE PROPOSED SET-UP
The performances ¢ ¥ the set-up built with the Cu calorimeter have been studied in detail. They
arc in fact similar to those obtained with a set-up in which the present 14 radiation lengths Pb-iber
calorimeter is replaced by an identical but thinner one, with only 8.2 radiation lengths. This calorime-
ter is separated from the target by 15 em of BeO followed by 2 ecm of Cu, a total of 2.5 radiation
lengths which approximately places the maximum of the shower energy around the middle of the Pb
converter of the calorimeter. The reading system behind it is replaced by a much more compact one
leaving only the cquivalent of 5 cm of air (to be compared with 15 cm presently). it is followed by a
12 em long Cu absorber. This configutation is represented by set-up nr. 3 of I'ig. 2. With this sct-up
and contrary to the Cu calorimeter idea, the energy measurement and the absorber function are again
separated but, with this optimized configuration :
a) The quality of the necutral transverse energy measurcment is  preserved  with
a( L7 )% 2 6% despite the shorter length and because of the large number of showers
measured in cach ccll, which minimizes fluctuations.
b) The muon pair mass resolution due to multiple scattering stays the same, ie,
2~ 90 MeV/c? and

¢) background 1s multiplied by 0,49 with respeet to the configuration used in the past.

VI. ADVANTAGES OF THE PROI'OSED SET-UP
We feel it is absolutely necessary to keep at least the same transverse energy resolution as in the

past, as transverse encrgy is the critical physical parameter governing the new effects that we have
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obscrved. This is the reason that makes us put aside the proposed “sampling” calorimeter and adopt,
finally, this much more conservative solution,

It should be pointed out that, concerning the muon pair mass resolution and the background, the
performances of the proposed set-up are identical to those of the Cu calorimeter, provided that the 12
cm long Cu absorber located downstream of the calorimeter are replaced by Carbon. Nevertheless we
prefer to favour the reduction of background and make use of this Cu absorber. Concerning the energy
measurement, the proposed set-up measures the neutral energy together with 25% of the charged
energy whereas the Cu calorimeter measures a significantly higher amount of the charged cnergy, i.ec.
40%, with big fluctuations on an event by event basis.

Finally, another advantage of sticking to the Pb-Iiber calorimeter is to stay within a line of
detector the technology of which is presently being improved [4]. We intend to use a net of 1 mm
diameter stainless steel pipes, with a 50 p thick wall, imbedded in a Pb structure, with a I'b to Fiber
volume ratio of 2:1. The 1 mm diamcter scintillating fibers are simply slipped into the pipes without
being glued which, according to present expericnce [5] improves significantly resistance to radiation
damage. Morcover, damaged fibers, can very casily be replaced, if necessary, in the most exposed cen-
tral region of the calorimeter which contains about 500 fibers (out of a total of 16000 fibers). The
reading system will usc the same number of (non-scintillating) fibers as the calorimeter itself, allowing
thus, for simple reasons of space and curvature constraints, a much more compact system than in our
present detector.

Fig. 2 gives the description of the different set-ups considered hete and Table 1 their detailed per-
formances. Fig. 3 shows the corresponding mass resolutions as a function of the mass of the muon

pair.

VIL THE PHYSICS PROGRAM FOR 1990 : A SENSITIVITY STUDY
In order to achicve the goal presented in scction I, we need to increase significantly the statistics
with the Sulphur beam to be able to :
I. Improve the accuracy for the IV to Continuum ratio and its - dependence,

2. Measure more accurately the P dependence of the muon pairs in the mass continuum.



—_ 6 J—
3. Study the behaviour of the W refative to the J/W.

The experimental accuracy that can be expected [rom a reasonable period of data taking has been
investigated with our present Sulphur-Uranium data using the following method detailed in Appen-
dix 2. The Mass and transverse momentum P spectrum of the muon pairs in the continuum have
been parametrized in the mass interval 1.7 < M < 2.7 GeV/c2. The P dependence as well as the
cxpertmental mass resolution of the J/'P have also been described analytically. Tinally, the observed
dependence on the transverse energy Fop of the ratio (J/F)/continuumt has been introduced. "he back-
ground originating mainly from = and K decays has also been parametrized in mass and Py in agree-
ment with the observed cxperimental distributions of like sign muon pairs. Data have then been sim-
ulated by mixing “signal” and “background” events randomly chosen according to the parametrized
distributions. Taking as reference the signal 1o background ratio observed in our real data, we are able
to change it and, in particular, to simulate a sample of data with a signal to background ratio multi-
plied by a factor of 2. An analysis identical to the onc used for our real data is then applied in order to
subtract the background, considered as unknown, and to compute the JM to continuum ratio as a
function of the measured transverse energy and of the transverse momentum P4 of the muon pair.
lig. 4 shows the ratio of the P distributions of events with muon pair masses between 2.7 and
3.5 GeV/ie?, Le. of 1V, lor Er > 137 GeVoand i < 18 GeV. The three figures relate to our real
experiment, to a simulated experiment with same statistics and same signal/background ratio used as
check of the method and to an experiment simutated with 10 times more luminosity than collected in
the past, but only half the background/signal ratio. In this last case, the relative error on the ratio
Ji¥/continuum integrated over P is multiplicd, on the average, by 0.25 with respect to our present
results. Tig. 5, similar to fig. 4, shows the corresponding distributions for muon pairs in the mass con-
tinuum, te. with 1.7 < M,u,u < 2.7 GeVie?, As scen from Tig. 5(b) and 5(c). a significant improve-
ment is expected for the continuum, allowing quantitative conclusions, at least for P < 2 GeV/e.
Finally, with the proposed experiment and 10 times more luminosity than already colleeted with inci-
dent 8, we expect around 16001 and 120000 JMs. Such a sample of events will lead to an accuracy
of about 6% for the ratio N7/ 'V in cach of the six equally populated transverse energy bins. It should
allow a comparison with theoretical predictions (fig. 6) and make casicr a validity check of the different

explanations proposed so far,



VHI. BEAM TIME REQUILST
In order to be able to make a significant quantitative progress in the understanding of the results
obtained during the exploratory runs of 1986 and 1987, we request an extension of experiment NA3S.
The goal is :
1. To study experimentally the compactified calonmeter-absorber conliguration:
2. To measure the proportion of correlated meson decay pairs in a sulphur beam (by taking
data without hadron absorber near the target);
3. To increase our present luminosity by a factor of 10 with improved cxperimental condi-
tions that will decrease our background by a factor of 2.
This program could be achieved with about 85 days of routine data taking with at lcast
3 107 200-GeV/nucleon Sulphur ions per burst. It is our understanding that this intensity can be
delivered without any problem by the ion source. Prior to our data taking periods with Sulphur beam,
short periods of proton beam are also requested in order to test our new calorimeter and tune the
entire set-up. The collaboration is financially prepared for the improvements described in this Adden-

dum and could have the new set-up ready nine months after approval of the extension asked for here.
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APPENDIX 1

MONTE-CARLO SIMULATIONS OF THE ENERGY MEASUREMENT IN TIHE CALORIMETERS

A Monte-Carlo simulation including GEANT.3 for the description and propagation of the clec-
tromagnetic showers has been used for the study of the different calorimeters proposed in this Adden-
dum. In the case of the existing calorimeter, and as a check of the method, the results of the simula-
tion have been compared with the real calibration measurcments done with 1.5, 3.5, 5, 10 and 20 GeV
electron beams. The agreement between simulations and real measurements concerning linearity, effi-
ciency (calibration factors) and resolution is quite satisfactory. ‘The numbcers given hereafter refer to the
calonmeter used in the runs of 1986 and 1987 but similar studies have been done for each of the calo-

rimeters considered in the Addendum.

I. MEASUREMENT OF A SINGLE SHOWER

The resolution of the measurement is determined by geometrical losses as the dimensions of the
smallest elements of the calorimeter are similar to those of an electromagnetic shower. For an electron
hitting the center of an element, fluctuations due to geometrical losses are minimized and the intrinsic
resolution of the calorimeter is given by op:(T0) = 0.3/,/I) . The fluctuations that induce this relatively
poor resolution become negligible when a flow of several hundreds of particles arc detected and meas-
urcd simultancously. No lincanty problem is observed between 1.5 and 20 GeV. Finally, the simula-
tion of eclectrons hitting any point of the calorimeter predicts measurements which are in excellent
agrecment with those obtained with a real beam hitting the .cnrrcspunding points. This indicates that

the geometrical effects are correctly described in the model.
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Il MEASUREMENT OF A FLOW OF NEUTRAL PIONS
The experimental situation has been simulated with a generated flow of N neutral pions, corre-
sponding to Sulphur interactions with a heavy target.
a/ The rapidity distribution dN/dy has been taken from the experimental results of
NA34 [6].
b/ The transverse momentum distribution has been parametrized according to the experi-
mental results by dN/dPp = P x Exp(—P /1) with T = 200 MeV.
liach particle of encgy Ii; is propagated with GEANT.3 through the diffcrent materials, subtargets,
absorbers and calorimeter. £ is the energy measured in the calorimeter. Tor a given ring of the calo-

nmeter, hit by n particles, the measured encrgy is

= P PR
Epeas = e B 19

with & determincd for cach individual ring by the calibration run. The energy resolution is then given

by the width of the distribution of
AL = Z1; — 1jc ZE;

with < AF > =0 (no cnergy biais). A similar procedure is applicd for cach one of the rings of the calo-
rimeter and leads, for a central Sulphur-Uranium iuteraction with 200 z"’s in the rapidity interval
{ 1.0,5.0), to a ncutral transverse energy resolution o(E™p)/E% - = 3.0%. This resolution goes like

],f\/N where N is the number of detected #%s in the calorimeter,

HI. MEASUREMENT OF A FLOW OF NEUTRAIL AND CHARGED PIONS

As a matter of fact, the calorimeter is hit by a flow of necutral pions together with twice as many
charged pions in the average. A flow of charged pions has also been generated and the corresponding
valucs of ¢ have been computed. In the average '—c}mrgcd = 0.25 X £peqiral a5 scen from Ligs. 7 and 8.
Finatly the combination of neutral and charged pions leads to a neutral transverse energy resolution of

5.5%, to be compared to 3.0% if nature would only produce ncutral pions.
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APPENDIX 2

STUDY OF THE SENSITIVITY OF NA38 WITH THL PROPOSED SET-UP

The purpose of this study is to evaluate the sensitivity of the forthcoming experiment, assuming a
total luminosity 10 times higher than already accumulated with a Sulphur heamn, during 10 days, at an
average intensity of 1.5 107 ions/burst, corresponding to our run of 1987, It is also assumed that the
signal/background ratio 1s increased by a factor of 2 as expected from the calculations performed with

the proposed sct-up.

I. PARAMETRIZATION OF TIIE DATA
The following phenomenological parametrizations have been used with numerical values deduced

from fits to the data already collected with a Sulphur beam.

a/ For muon pairs in the mass continuum hetween £.7 and 2.7 GeV/c?

AN (Erp) neFp)
(M,P) «
dMdP M

Tap(—~ M/M) X Pp x Txp( = x/4 x P2 < POy~ 24

with M, = 113 GeV/e? and < P> a1 given by the following table:



Table i:

<PCp>mMm 0,70 075 080 085 089 093 096 1.00 1.03

M .75 200 225 250 275 300 3325 350 375

deduced from [7]. < PSp > pg s taken independent of L, as indicated by the data.

b/ Yor the J/'¥

dNgAE)
(M,Pp) o ng(ET) x Bxp(— (M= Mgy)?/20p?) x Py x Exp(—n/4 x P2/ < I’\P-I- b ZE'I')
dMdP-p

with My =3.097 GeV/c? , o= 0.145 GeV/e? and

<I"P-l‘>[;‘,l, = 1077 + 0.95 1072 (L), with T in (GeV/c?, in agreement with our cxperimental

data.

¢/ For the ratio (J/MN9)/Continaum

The variation of the ratio (I/¥)/Continuum has been smoothed according to:

Ny(Ep)
——— = 13.88— 0.2717x10 7 iy — 0.9454x 10~ *(Ep)? = 0.1360x 107 3(134)°

N ()

with Tip in GeV, which leads to the following values in the six E- bins uscd for the analysis of the

data:
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Lp(GeV)  (J/¥)/Continuum (Data) (17F)/Continuum  (smoothed)
18 13.0741.20 12.77
63 F1.55+1.10 11.82
84 11.24+1.04 10.79
101 8.87+0.81 9.72
116 10.65+1.11 8.59
137 6.544-0.62 6.64

df For the background, deduced from the like-sign muon pairs

dNW(Tp)
(MP1) 2 np(E) x Bxp(— T )xM) x Pp x Txp(—n/d x P/ < PP 230
dMdP
with «(Lrp) =430 , < Pb-r >M=0205+0321 M and M in GeV/c?. np(ET) takes into account the

sign of the muons and of the magnetic field and satisfies the relations:

N__*/N4y 4+ % =10 fora "positive” ficld

N_ _7/N4 47 = 029 fora "negative” field

II. THE SIMULATED SAMPLE OF EVENTS

For each one of the six bins in I'1, we randomly gencrate N events in the mass continuum, Ny
cvents of the type IV and two samples of N __* N o * N -~ and N4 4 7 background cvents,
according to the distributions detailed above. We then simulate, in each (M,Pp) cell, a sample of
opposite-sign muon pair “data events”, including background, according to:

Ny dMP 1) = Ne(M, ) + N (M, Py + 2UNL L RN 2N xN

using the first sample of generated background events. From these “data events”, we then subtract the
background, considered as unknown, using the sccond sample of gencrated background cvents and the

method applied to our real data, i.c.,



N, (MPp) = Ne(M, P+ N M P = 2N PxN_ _F =2 /Ny 4 xN_ -

;L;t(

1. THE RESULTS O THE ANALYSIS

The events obtained as described above are then analyzed exactly with tha same method as our
real data.

Taking as reference these real data, we start with a sample of similar size and same signal/back-

ground ratio. We find the following results:

Er M.  (JJ¥)/Continuum
R L06+0.07  13.56+1.13
63 L16£0.08  I1.15+0.88
84 L12£0.07  10.89+0.77
101 1.08£0.07  10.524+0.88
16 0.92£0.06  10.4440.98

137 1.09+£0.07 6.631+0.59

These results are quite comparable to those obtained with our real data, as could be expected.
Playing the same game again, but with a sample 10 times larger and a signal/background ratio

multiplied by 2, leads to the following results:

T M, (JF)/Continuum
38 1.154+0.03 12.5240.28
63 1.1040.02 12.174:0.27

84 1.124:0.02 10.83+0.21

101 1.14+0.02 9.6540.21
116 1.0940.02 8.974+0.20
137 L1540.02 6.53+0.16

The relative error on the ratio (J/A¥)/Continuum is thus multiplied by 0.25 in the average.
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FIGURE CAPTIONS

Fig. t . T'raction of remaining J/F’s, integrated over Py, as a function of the number of participants,
after suppression by a quark-gluon plasma (top) or absorption by a pion gas (bottom). From I.P.

Blaizot and J.Y. Ollitrault, Phys. Rev. 1239 (1989) 232.

Fig. 2. Schematic lay-outs of the different set-ups. The number of interaction and radiation lengths

arc indicated for cach block of material within 75 cm from the center of the target. Sce Table 1.

Fig. 3. Mass resolution of the muon pairs for the different sct-ups.

Fig. 4 . Ratio of the P distributions of muon pairs with mass between 2.7 and 3.5 GeV/c? for

L= 125 GeVoand Tip < 51 GeV.

Fig. 5. Ratio of the P distributions of muon pairs with mass between 1.7 and 2.7 GeV/e? for

Ep> 125 GeV and Ep < 51 GeV.,



Fig. 6 . Comparison of the I dependence of the I/ and W suppression rates. T'rom [, Karsch and

R. Petronzio, 7. Phys. C — Particles and Tiields 37 (1988) 627.

Fig. 7. TDraction of encrgy measured by cach one of the 5 rings of the calorimeter as a function of the

rapidity of the photon.

Fig. 8 . Same as Vig. 7 for charged particles.

Table 1 . Characteristics of the different set-ups.
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