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The purpose of the TTETTOS/3 experiment [SPSC/P240] is to measure low transverse mass
dimuons in sulphuor tnteractions as compared to proton interactions, both as a function of charged
particle multiplicity i the same (forward) rapidity interval. The imporance of the multiplicity
dependence cannot be over —stressed: o quadratic dependence is one of the ciearest indications of
collective behavior such as a quark gluon plasma. thermalized or not ffor example, R.C.Ilwa and
K.Kajantie, Phys Rev, 1332 (1985) 11097,

A first measure of this comparison in HIPTI0S/2 has been made and presented in our
contribution to the Madnd conference [HITTIOS NOYIT 428, relevant part altached]. These
preliminary results give an upper limit at 0%, conlidence for anomalous sources in the low mass
region, NAS<M <070 GeVie*, of about 0.5 {1.4) of known sources for proton{sulphur)— Pt
interactions, respectively, Comparing the two samples in the low mass region with the p + o mass
region, we can determine the fraction of dimuons produced with a quadratic multiplicity dependence in
the fow mass region; the upper limit, at 90% confidence, is 1.3—04. We arc still studying our
systernatic errors. {lawever, the large statisticat and systematic ercors preclude a firm statement, in
particutar on the upper limit of gquadratic multiplicity dependence. ‘These errors are related to the
experimental sctup of HELIOS which can be greatly improved.

Up to now, we have measured dimuons behind stacked Uranium calotimeters: a lquid argon
calonimeter (ULAC), followed by two sets of U—scintillator calorimeters. This setup has three
disaldvantnges:

i a large amount of muitiple scattering leading to a poorly reconstructed target resolution, lead-
ing to a dilficult separation of target — produced and absorber — produced dimuons at low
transverse mass, and a poor mass resolution which almost masks the p + o mesoa produc-
tion. The background due to dimuoens produced in the absorber is the most serious source of
gystematic errors since it 15 hard to control.

2. an increase in the combinatorial background (e = and K decays) in the empty spaces
hetween the calorimeters, and

A the time required to clear U1 AC Hinited the beam intensity and thus the dimuon statistics,
In addition, in TTET 1082, we measured (he multiplicity dependence indirectly via the transverse ener-
gy deposited in the clectromagnetic part of U1 AC, whose rapidity coverage had almost no overlap

with that of the muon spectrometer,

For the new cxperiment, we have determined an optimal configuration using the [TET.IOS muon
spectrometer. We have optimized the absorber in two important ways:

. 6A of Al,04 followed by SA of I'e, improving the target and mass resolutions by a factor 2.5,
and

. a hole in the absorber to force the projectile fragments to interact far from the target, followed
by a tungsien rod to absorb the heam nonctheless.
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Our new data acquisition system will enable us to increase the data—taking rate considerably. Most
importantly, we will measure the multiplicity dependence directly, using silicon ring coutiters swhich
will cover the muon acceptance,

We intend to measure directly the background due to absorber — produced dimuons by using
hadron beams of different momenta impinging on the new absorber. For this measurement, we esti-
mate from our Monte = Carlo simulation that we need to run [0 days at 100, 50 and 25 GeVic, at 107
particles per burst with a negntive heam. We will have sofficient statistics to be able to make a detailed
comparison of the measured differential distributions with the Monte Carlo predictions, for example
for the reconstructed target and mass. ‘Fhe overall nornalization will also be established. Tn this way,
we can “calibrate” and control our estimate of the absorber background.

I'rom a detailed analysis [TTET108 note 429, attached? of the different sources of statistical and
systematic errars in the present dimuon analysis, we conclude that we must compare the statistics of a
30 day sulphur run with that of 2 ) day proton run. The latter comparison run will give us about
1074 of the statistics of the sulphur run which, given the considerably smaller combinatorial subtrac-
tion, lcads to similar crrors. To reduce the systematic errors, the proton and sulphur runs must be
comparcd in the same apparatus. In particular, the HELMOSS] resuMs using a low A larget at 450
GeV/e, in a somewhat different kinematic region, can be compared to our results, but cannot be used
to understand systematic crrors,

The comparison of proton to sufphur data gives the [argest lever arm on multiplicity, considerably
targer than the comparison between low B and high Fop. in the sulphur data cven after the normaliza-
tion to the number of projectile participants. In the note 429, we show that the best treatment of the
systematic errors comes from a comparison of the lowest mass region to the p + w region for both pro-
ton and sulphur data. We are presently limited by statistics, a bad mass resclution and the knowledge
of the absorber subtraction.

In summary, we wish to request (4 days for setting—up, 10 days for background studies and 30
days lor prolon comparison running, or a total of 54 days, summarized in the Table. We request 2
davs of sctting—up early in the fixed —target period 1o check the new absorber for alignment and
punchthrough, and the remaining just before the suiphur running. We expect that the latter run wiil be
near the end of the fixed - target period, but not necessarily at the end.

Since we are in the same beam—linc as the NA4S experiment which will he sctting up, we are
concerned about foss of beam time duc to frequent access after we begin to take data; sve request that
these accesses be kept to a strict mintmum.

We firmly believe that, with sufficient proton and sulphur data in 1990, we can give at the begin-
ning of 1991 a quantitative estimate of the amount of collective behavior in sulphur — nucleus interac-
tions refative to proton —nucleus interactions, and thus be able to make a judgment of the interest of
ultra — relativistic nuclear beams. HITLIOSY is the only experiment which can rapidily and directly
answer this crucial question vsing difeptons.
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Tahle /; SUMMARY OF NAXM/3 REQUUST

beam momentum
setting up
background studies negative 25-100 GeV/c
proton comparison ~proteon 200 GeV/c

sulphur Sulphur 200 GeV/u

days
14
10
30
30
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Chapter 10

Photons and dimuons

10.1 Introduction

The study of real and virtual direct photon peoduction in heavy ion collisions is motivated by the
search for thermai radiation from the system formed in the nucleon — nucleon collisions, .g. a quark
gluon plasma [2]. They provide a better measure than hadrons of the "source” temperature, deter-

mined by the transverse momentum or transverse mass {(=,/(p}+ M)} distribution, since they escape
the collision unaffected by final state interactions or fragmentation processes.

If the source is thermalized, the resuiting distribution is given by dN/dX; ~ X, K (X,/T) [82],
where K, is the modified Bessel function, T the temperature and X, = p, for photons or M, the



HET 108 poue A

transverse mass for dileptons. The difference between this expression and an cxponential function is
only apparent at smalt X,/T; with T of the order of 200 McV, we must measure very low X, indeed.
For dimuons, this requires a measurement near g, =0},

It has been suggested that the phase transition befween hadronic matter and quark matter could
be detectable by measuring the production rate of lepton pairs [76][831. Amongst other features, a
square dependence of this rale on particle multiplicity is predicted as one of the signatures for the
quark — gluon plasma [84].

A number of experiments with hadron beatns have reported observations of a dilepton continuum
with masses below the p meson [R5]. Fhis low mass continuum has been seen both in p'p and
c'e final states, at low (e.g. /5, =58 GeV)and high (e.g. /s, =20.6 GeV) encrgy, and with both =
and proton beams on relatively light targets {p to '?C). Standard sources, c.g. i Dalitz decays, can
only account for about 13— 1/2 of this continunm, and are much less peaked at Tow x .

In addition, in p+ p interactions. there is evidence [86] that the rate of low mass ¢ ¢ pairs,
dN, idy, is proportional to the square of the associated multiplicity, dN/dy, in a related rapidity inter-
val, y=arcth{p, /1) This iz a very unusnal result, since all known inclusive cross sections {c.g. o +X
production [87]) scale lincarly with the multiplicity. '

Thus the major part of the low mass continunm is unexplained and seems 1o have an unusual
multiplicity dependence; we shall call this anomalous continuum production. This anomalous produc-
tior could be due to annihilation of produced q—q pairs into lepton pairs [RR] since this mechanism
gives a natural explanation of the multiplicity dependence, Qur ideas concerning confinement and
hadronization would be influenced by a confirmation of this explanation.

l'or real photons, we concentrate on the comparison of the measured photon p, spectra with the
expected speetra from hadronic sources which were extracted from our measured charged pion p,. spee-
tra. Data from proton, oxygen and sulfur beams at 200 GeV/u with W and Pt targets are compared.
Photons are measured via the conversion method in parallel with charged particles in a magnetic spee-
trometer, spanning an angular range of 15 ° to 45” in #,,. The main ptoblem in measuring direct pho-
tons is the dominance of hadronic sources. Up to several hundred particles, doninantly pions, are cre-
ated in these collisions [50]. Since the neutral 2" decays into two photons, one deals with roughly the
same number of decay y’s as charged pions. 1o get a handle on dircct photons, a detailed knowledge
of the properties of the produeed pions is cssenhial,

We also report on the mcasurement of low fransverse mass dimuons in the forward rapidity
region in 200 GeV/nucleon 28 interactions. and (his will be compared to 200 GeV proton interactions
measured in the same apparatus. The miajor aim is 1o measure the anomalous production rate and the
multiplicity dependence of that production. with the motivation to probe the larger volumes for long
hadronization fengths.

For the detailed analysis and other resulis, see [ 113 [167 [20] [25].

external sl;uétrometer on photons
/

Tigure 44 ab.c shyw the corrected inclusive p, spectra for photons observed in p—W, Y0 -W
and 28—~ W(Pt) at 200 (X
the p, range 0.1 p, < 1,3

10.2 Results fr

V1u, respectively. These data are taken in the rapidity tange 1.0 <y < 1.9 and
S¢Vic. The full line describes the spectra expected from hadronic sources

7" .4 . The agreement in shage is remarkable. ‘The =" photons serve as normalization.

'
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can be drawn from this, even more sigge the avernge absolute value does agree very well with the

expectation. /’ b
10.3 Results from muon spectrometer on dimuons

10.3.1 Estimation of dimuon background produced in the dump

[n chapter 3, we mentioned bricfly that the main hackground in our measurement of low trans-
verse mass dimuons comes from production in the dimp. This is shown in Tigure 47 and Figure 48
where we have determined the signal, integrated over all masses and, scparately. for different mass
slices, as a function of 7__ after the acceptance correction appropriate to each 7. We observe that
the sulphur data shows a larger 7 —dependence (than the proton data. In addition, the variation with
7 13 mass —dependent, larger ab Jow masees hut inexistent for masses larger than | GeVied. We inter.
pret these variations as due to dimuon production in the dump, We emphasize that the sulphur data
includes both fragment and hadron production in the dump while the proton data includes only
hadron production in the dump.

6.2
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Figure 47: Stability of the integrated distributions as function of the Z_, before and
after subtraction of the dump production: (a) sulphur and {b) proton.
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Figure 48: Stability of the sutphur mass distributions as function of the 7| (a) before
and (b) after subtraction of the dump production

Our strategy is to simulate the dump hackground and, within the fixed kinematical region, check
the stability of the distributions for different 7 _, after the acceptance correction and dump background
subtraction appropriate to Z__. We have simulated the production of dimuons in the interactions of
the produced particles in the dump for hoth proton and sulphur projectiles. In addition, for sulphur,
we have simulated the production of dimuoens in the interactions of the beam fragments in the dump
and in the subsequent interactions of the particles produced in the fragment interactions; however, the
major soutce of background in the sulphur data is that due to produced particles in the pamary inter-
action. A full simulation of the dimuon production in the full hadronic shower has not been attempt-
ed.

In both figures, the distributions are also shown after the subtraction of the dump production, for
the sulphur and proton samples. After correction, both samples become somewhat flatter at all mas-
ses. In particular, the sulphur sample is flat for M > 0.55 GeV/. Some dump background persists in
the lowest mass bin in the sulphur sample. Up to Z__=4.5 for all masses, we understand approxi-

e

mately the dump background in the kinematic region. We estimate the systematic error to be +15%.

See [77] for more details of the simulation of the dumnp background.
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18.3.2 Distributions of mass, rapidity and transverse smomentum

Tor the purposes of this paper, we shall use combined 8 =Pt and S~ Ag data. The average elec-
tromagnetic £, for the combined sample is 90 GeV, where the knce is at about 100 GeV, The distdbu-

tions of dimuon mass (Figure 49), rapidity (Figure 50) and transverse momentum (Tigure 51) are
shown for the combined sulphur data, and for the approximately minimum bias p— Pt data corre-
sponding to an average electromagnetic Copof 28 GeV.

10.3.3 Estimation of known sources

The known sources are resonance decays and hadronic bremsstrahlung,  The latter is of the order
of 10% of the former below the p resonance [RS] The resonance decays which are considercd are:

pandb—p' | gy =y p and m—x"pp

The resonance peoduction rates, relative to pions, have been measured, usually at high p,, defined
as (X/x")_, where X = meson resonance [7R]. The branching ratios are taken from [89], where we have

used the better measured e "¢ ratios in the cases of vector meson decays.

We assume that the ratios (X/z"_ remain the same in nucleus — nuclous interactions as in
hadron ~ hadron interactions. We use the pseudo —rapidity distnbution for charged particles as mea-
sured in our expcriment (sec 5.2) from which we deduce the number of =/interaction, using
N{=*)=10.92 N{charged), and N{r )= N{z "}=N(=").

We use the cross section for the <F+> of our samples also determined in our experiment (see
4.2), from which we deduce the dimuon cross section for each resonance.

The X/r ratio as a function of rapidity comes from our measurement of dimuons with
E0=A > 007 GeV/e?, dominated by pw resonance production. The p, distribution for the p.m,p
resonances is given by [79]:

4123
I

d's o ’ 2
=y

glry)
dp T

where g(p,) does not depend on the mass. The p, listetbution [or the n resonance has been measured

in the HELIOS/I experiment [90] and has an additional multiplicative factor relative to [79] for pp
< 1.25 GeV/e:

hp)=0.519+1556p, ~ 43030 + 2800p)

The decay distributions for the Dalitz decavs are taken from [9].

The resulting dimuon distributions are smcared with the experimental resolutions and the same
kinematic region is imposed. The results are also shown in Figure 49— Figure 5i.
10.3.4 Anomalous production

The difference between the experimental distributions and those due to known sources is the

anomalous production. The results for R, the ratio of the dimuon rapidity densities of the data to the
known sources in the kinematic region pr> 0.2 GeV/c and y > 4.1 are
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(@) R(S) = 1.41+0.3740.78

H

(D) R(S) = 1.61£0.2240.72

(a2) R (p) = 0.92£0.1940.48 ; (52) R (p) = 0.90+0.1140.39

where {a) correaponds to 0.45 <M <017 GeVic?, and (b} to 0.7 <M = 1.0 GeV/c?, and where the first
error i3 statistical and the second systematic,

In cach mass region, the results are compitible within the crrors with the prediction of the known
sources, R, =1. This is expected in the higher mass interval which is dominated by the p.w reso-
nances. However, the proton result in the low mass region is incompatible (~3.44) with R %3, previ-
ously measured [85].

10.3.5 Muitiplicity dependence

The known sources scale with the multiplicity [R7] while anomalous sources have an unknown
multiplicity dependence; for a quark — gluon plasma, the expected multiplicity dependence is quadratic,
scaled by the number of beam participanis to the power 2/3 [84]). TFor the general case, where ¢ is the
fraction of anomalous production, the multiplicity dependence of the measured dimuon cross section,
in a given kinematic region and normalized by the measured multiplicity and the total cross section, is
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R, = (1=¢) + N B>

where B is the number of beam participants. For onr sample of sulphur interactions, the number of
beam participants is 28.4 on average; for protons, this is 1, of course.

Using the fits for dN/dy given in 5.2, we have determined the multiplicity in the muon acceptance
for SA and pDt:

N(S) = 76.4%13.1

N(p) = 2.40+0.45

NS _ 318+66
N(p) T

where the error is mostly systematic. In the ratio of the sulphur result to the proton resuit, some sys-
tematic errors cancel.

The experimental ratio in the 0.45 < M < 0.7 GeV/c? mass region is
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R(SYR(p) = 1.64+0.26+0.50

I'rom these results, the anomalous sources seale with the mubtiplicity (e =) or the squared multi-
plicity (== 1) within L.le and 3.3+, respectively, for the low mass kinematic region where we have
combined the statistical and systematic errars quiadraticadly.

Simnilar results are obtained in other kinemuatic regions (0.7 <M< 1.0 GeVic2, 027 pyp~ 0.7 GeV/
¢, 0.7<pp, 4dl<y< 47 and 47-yv) and in a “central” region (045 M« 0.7 GeV/ic? and

0.2<pp<0.7GeVicand 4.1 <y~ 47).

10.4 Discussion

There are no unusual effects scen ncither in dircct photons nor in dimuons; hawever the etrors,
especially in the latter case, are quite large. '

The p, spectra of photons were measured for p— W, "*O—W and 3?S—W(D) at 200 GeV/u.
Within the statistica (4% — 11%) and systematic ercors (3%) these spectra agree in shape and abso-
lute cross section with the expected photon spectra from hadronic sources, which hag also uncertaintics
of about 9%, mainly due to lack of knowledge about » production.
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We have made a measurement of fow transverse mass dimuons in the forward rapidity region in
200 GeVinucleon 28 interactions with nuclel, and have compared this measurement with that in the
same apparatus in 200 GeV/e proton interactions. The resuits in both cases are consistent with no
“anomalous” low mass dimuon production, but have large statistical and systematic errors. In both
proton and sulphur interactions, the low mass and p + o regions give similar resuits relative to known
sources. ‘The increase in low mass dimuon production from proton to sulphur interactions is consis-
tent within the large errors with the increase in the charged multiplicity in the same kinematic region.
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Chapter |

Introduction

We present the muon error analysis used in the contribution to the Madrid conference and in
(3.Vasseur's thesis [1]. We indicate where this can be improved. A new estimate is made of the upper
limit on a dimuon source with a quadratic multiplicity dependence. We also try to cstimate the situa-
tion for NA 1 in order to pinpoint the improvements, etc.

Chapter 2

Dimuon Signal '

From the samples of good two = muon events with all charge combinations (N+ FoNT T

N~ 7), we first subtract the combinatorial background, then correct for the geometrical acceptance
(including the Zeut) and, finally, subtract the dump background.

2.1 Statistical errors

To improve our knowledge of the shape of the fike — sign subtraction in any given varable, we
make a large sample of false + — combinations from our samples of like —sign dimuons, applying
only the hodoscope trigger requirement that the two tracks do not hit the same slab. The fraction of
false combinations in the 1 bin, x;, is then known to arhitrarily high accuracy.

We perfonn the like - sign subtraction in the ith bin hy using the number of + — events in that
bin, ", x; and the number of likc — sign pairs in our entirc sample, Nt and N7 75 the subtrac-
tion to abtain the unlike signal fron any source and its variance for a very large number of false com-
hinations are as follows:

s = N: - 2N NPT

i
nsz'."’—Fxf{N‘ PN !

The detailed Monte Carlo of the dump hackgronnd gives the ratio of dump background to signal
from the target in any kinematical bin, it let us define this as (1),’S)izfi. This enables us to get the sig-
nal from the target: S; = S7/(1+£). The crror duc to this correction is estimated below in the system-
atic errors on the signal.

We shall take, as a numerical example, the lowest mass bin in our analysis, 0.45 <M <10.55 GeV/
¢2, where the numbers for sulphur (N =669, N' =04, N7 =977, xi=[l‘22 and fi= t.6) lead to a
signal of 86 + 11, or 13% statistical error, comparable to the systematic crror on the signal in this bin,
see next section. For protons, the numbers (V" =78, N' =0 N =4, x=024 and £=1.2) lead to
a signal of 35 + 4, or 12% statistical crror. Notice that since the like — sign subtraction is considerably
smaller, the relative statistical error for the proton data is about the same with 8.5 less unlike —sign
pairs. ‘Thus, for the same statistical acuiracy, the sulphur data should be about 14x the proton data,
taking into account the like — sign pairs.
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For NA34/3 and the same farget — to —absorber distance (ie. the same decay probabilitics), the

expected increase of 30x in the statistics reduces the error in any bin by about 7, and in the examples
above, to about 2% in both cases.

2.2 Systematic errors on the signal

2.2.1 Global errors

An overall normalization ceror of 10%% has been estimated. This includes the error in the various

efficiencies, 1.e. in the hodoscope trigger, chamber tngger and MURTEC. The product of these efficien-
cics is about indepetdent of any given variable, g the dimuon mass, and can be assimilated to an
overall cotrection.

2.2.2 Point — to — point errors

1.

The acceptunce corrections, including that of the 7 —cut, have been determined with a sim-
plificd Monte Carto. ‘Fhis has been checked at a few points with a full GEANT simulation
and gives errors of 10745,

The dimuon decay distribution was isotropic in the simulation. An average 15% decrease in
the acceptance is calculated if one uses the 1 + cos?d distribution. We should probably
treat this by taking the average value in cach bin between the two extreme cases. On average
this wou!d give a £7.5% correction, which in reality varies point —to — point. This problem
should be investigated further by looking at what limits data give to the A coefficient in a
L+ Acos®@ distribution.

The dump subtraction comes from a Monte Carlo simulation of the ratio, Dump/Signal=t,
which depends on the 7 —cut [2]. For Sulphur interactions at a Z—cut of 4.5 m and for all
masses, this ratio is (167 of which 2% are due to fragments; for proton interactions, it is
1,53, T'rom varying the many parameters in the simulation, an estimate of +15% was made
on the ratio, This leads to a 45~ 6% crror in the signal after subtraction. In the lowest
mass hin, this error 15 £9%.

It is clear that the reliability of the latter result wonld be greatly improved by a few special rins

during the present 1989 run in which we would send heams directly into the ULAC and trigger nor-
mally on di—muons. These kind of runs are forseen far NAJ343,

Chapter 3

Estimation of known dimuon sources, with systematic errors

3.1 Estimation

The known sources which have been considered are the Dalitz decays of the 4, 4 and «» mesons,

and the dimuon decays of the p, @ and ¢ mesons. We have determined the cross section for each of
these mesons, called generically X, by relating to the n” cross section, using the following equations:

T, = am(thﬂz'memction}(;V"chﬁ.'\frh){,n’\w’ Tn,f’."\’m)( N X}N ”0) = EG E | 'Ez }5'3 th.
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We assume that alt cross sections factorize in Py and

o
dp., dn

= A_[{pr) 201) where [g(r;)dn = 1

il

The ratio of X mesons to =" mesons is therefore

,f1x"_/;{p_),.]a’pf,_

Ry =

Ao i,

As pp gets very large, the ratio of the fotegrats becomes 1, and A AL becomes a constant,
n . * . ’
defined as (Xin ]MEI'.4, as measured in many experiments.

The numbers T are taken from experiment. 17 comes from [3] for protons and from our [
measurement for sulphur; the respective errors are 7% and 11%. T, comes from the Gaussian fit to
the sificon ring measurernent {47; the errors used are 7% for sulphur and [9°% for proton. These are
probably overestimates which our Torimo colleagues will correct. Fiy is 0.92+40.2 and Fy= 1/2. 'The lat-
ter number is somewhat underestimated due to decays such as 9=3n".

‘The errors on Vg are 117 lor the o', p.0 and 20% for the ¢; the crror for the » s only 3% [5].
We shall see shortly that this latter error is overshadowed by the imprecision of our knowledge about
the transverse momentum shape. The »° crror should be 30% unless improved by NA34/],

The other number neceded from expertment is the branching ratio of the X meson into a dimuon,
which we will call Ec. The errors used are 3 5% for {p,w.p=ce) and (i3,20,27}% for the {n.0.n")
Dalitz decays [6]. The values using the ce decay mode should be corrected for the threshold factor
when going to jue.

To know what [raction of o, is accepted within our cuts (M > 0.45 GeV/e?, pp> 0.2 GeVic and
y=4.1), we need to know the functional forms of f(pv[-} and g(x). For the transverse momentum
dependence, we have used [7]

S 123
fp) = 2p} ——1 Hp)
(MZ+2)
where
. e 2¥(p.— 1) , -
Mp,) = exp(—p,) if p,<VGebiic or oxp| — T VVifp,z1Gelie
1

This has been modified for the » meson for py- =~ 1.25 GeVe by [R]
0.519 + 1.556p. — 43930} + 2.800p).

For the n meson, the shape at small Dy is only known to about 20% which is the error we have used.
For the other mesons, we have tried a different shape, f(p-[-)=pl-exp(-6.4 MT) {9] which gives a
25% error. NAJ4/ | should imptove matters at feast for the p+ o,

For the rapidity dependence, we have used the charged particle distribution as determined by the
Si rings modified for y> 4.8 by
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exp( — 12(y — 4.8)))

as determined by the dimuon rapidity distribution with D.7 <M < 1.0 GeV/c? in the proton sample,
dominated by p and @ mesons. If we use the rapidity dependence of [7], which however does not fit
our data, the known sources increase by 25%. We thus, somewhat arbitrarily, assign a £25% error due
to our Tack of knowledge. We should use our data to set limits. This uncertainty should be greatly
improved by NA34/ 1.

The decay distributions are Breit — Wigner functions for peop=pp and Kroll - Wada [10} for
the Dalitz decays. The resolutions are folded in.

The errors are summarized in Table L. The overall error due to the fack of knowledge of the
known sources s about 40%! The major creors are due to aur measured JdN /4 {peabable averesti-
mate} and to the ppand y dependence. Tt will be hard (o reduce this overall error below 25— 3094,

Table J: Summary of systematic errors concerning the known sources

description sulphur error (%) proton error (%)
ot 11 7
Nch/ int 17 19
Nyen/Nen 2 2
Nwo Nﬂch 0 0

3 3
Ba(nﬂlu!) 13 13
1 Pp dependence 2¢ ]
X rapidity dependence 25 25

-
3.2 Some results

For completeness, we include some resnlts, .

We divide the dimuon mass region in two regions, low mass (045 <M= 0.7 GeVie?y and p+ e
mass (.7 < M < 1.8 GeV/c?), amd determine the ratio of the signat to the known sourees. See Table 2.
Upper limits can be given to anomalous production refative to known sources from these numbers.

Tahle 2: Ratio of signal to known sources

mass region sulphur proton
low 1.41+0,1740,57 0.91%0. 10+0, 37
ptu 1.61%0.16+0.67 0.90£0.09%0, 37
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Chapter 4

Muitiplicity dependence of dimuon signal

As far as we know, the known sources of dimuons vary fincarly with the multiplicity measured in
the same rapidity interval, dN/dy. An anomalous signal could vary quadratically with this rapidity
density, normalized by the number of projectile participants 1o the 2/3 power [117. Using the quadrat-
ic dependence as a signature of anomalous production, we do not have to determine the known
sources, eliminating many svstematic errors,

4.1 Ratio of sulphur to proton data

4.1.1 Normalization of each mass bin to Ttot and Nch

For each projectile, we have normalized the dimuon cross section by the total cross section and
the :::hargcd muttiplicity in the muen acceptance. giving R ((S) and Ry(p). We do not invoke an esti-
mation of the known sourccs.

In the ratio, RN(S]IRN([’]. there s some cancellation of systematic errors. The remaining system-
atic errors are relative between salphor and proton runs: normalization, dump subtraction, charged
multiplicity and cross section. Uor the moment, we have assumed no correlation between these evalua-
tions for the two projectiles, and have used the numbers given in the previous chapter.

For the quadratic dependence, one must use (dN/dy)?/P*?, where P is the number of participating
projectile nucleons. For protons, P is obviously ¥ for our sulphur sample, P=28.4. No error has vet
been evaluated for the latter number. Tor pure quadratic dependence, the charged mulitiplicity ratio of
31.8 becomes 3.5 when normalized by P73,

The ratio varies from 1 to 3.5 for the two extreme situations. It can be compared to the results in
Table 3; nothing can be concluded.

Table 3: Tiach signal normalized {o total cross section and charged multiplicity

mass region sulphur/proton
low 1.64%0.26%0.50
ptw 1.90%0.27+0.54

4.1.2 Normalization of the lowest mass bin by the 7p + w” bin

We treat the systematic errors better if we normalize the low mass region by the p +w region.
This was not done for the Madrid contribution, but has been since. There is a different cancellation of
systematic errors to be considered. This method becomes more easily interpretable when the reso-
nance peak is more pronounced, as in NAJM/3,
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For each projectile, we determine the ratio of dimuon yield for 0.45 <M < 0.7 GeVic? relative to
that for 0.7 < M < 1.0 GeV/c?. The only remaining systematic error is due to the relative error in the

dump subtraction. For the moment we have used an independent systematic error for each projectile.
Sce Table 4.

| -1
Table 4: T.0w mass region normalized to p + o region
sulphur proton sulphur/protonsR
1.14%0,18%0.10 1.3240.2040. 11 0.86%0.1940.10

The ratio of ratios, R, is of order 1, indicating that the fow mass region behaves the same relative
to the p + o regiont in both protan and sulphur interactions. However, the errors are large, with the
statistical errors greater than the systematic.

We attempt to place a quantitative limit on a dimuon source with a quadratic multiplicity depen-
dence. We assume that the p + o region has a lincar multiplicity dependence and that the low mass

region has an unkfiown admixture of linear and quadratic terms, oc to d Nydy + JdN/dyY P R s
related to A:

L+ AaNIdn P L+ A(dNdy) g PP
(¥ 1@Ndy) | L+ kLdNIdp),

where A'=ki. We determine the fraction, £, of dimuons produced by quadratic processes in the low
mass region ia sulphur interactions:

HdNldn P R—1
L+ MdNfdy) /PP RLL— kP (dN/dp) jtdNdy) )

"ot values of k between 0 (no quadratic dependence in proton interactions) and | (same quadratic
dependence in protons as in sulphur), the 9674 confidence upper limits on f vary between 7.3 and 0.4
With reduced errors in NAX4/3, this shoold be a powerful method for determining limits on collective
hehavior,

4.2 E dependence for a given projectile

This has not yet been done, but there is another cancellation of systematic errors to be consid-
ered.

In particular in the ratio of samples for two different Foy bins in the same run, the remaining sys-
tematic errors are those due to the relative normalization (problem of connecting two triggers with two
thresholds) and the dump subtraction. [lowever, it should be noted that the signal/dump estimate is
approximately independent of E-p and that, in the ratio, there are many cancellations of unknowns.
The error has not yet been evaluated; it will be determined largely by our spectal tuns.
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Note that the charged multiplicity ratio, e.g. between F}7 "™ =350 and 120 GeV, is only 1.6, with
the number of participating projectile nucleons = 22 and 32, respectively. For pure quadratic depen-
dence, the relevant ratio is only 1.3,

4.3 Trigger influence on the N, dependence for a given projectile
This can not be done in NAX2 but can be in NAM 3

We nced to determine the tatio of the numbers, wilh and without a dimuon trigger requirement,
of the cvents with the same charged multiplicity vs N . Phis can be done by ditmuon kinematic
region. The absolute value is of no interest, only the slope. ‘The only systematic error which influences
this ratio is the dump subtraction but, since this is approximately independent of Foy-or Ny, the slope
is unaffected to first arder.

We must take data in NA34/3 without the dimuon trigger.
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