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ABSTRACT 

Va rtport on it'll avants observad at ISO and 
175 CaV/c in a Urge-acceptance spectroaet'r triggered 
by J/1> •* uu. Va observa with high cats-resolution the 
particles $', K* and A. Ve present evidence for a ncv 
resonance at S.3 CcV/c*, whose possible interpretation 
is a acton containing a b-quark. 

At the CF.PS Super Proton Synchrotron (SPS) we have 
performed an experiment which was designed to look at 
the hadrons associated with lepton pairs produced in 
t~Be scattering at 130 and 175 CeV/c. 

A side view cf Che apparatus is shown in F if.- I. 
The apparatus it composed of a IS.8 g em"' Be target 
(split into three parts to minimize y conversions) placed 
in front of a vertex spectrooeter. In the forward direc­
tion the set-up is "completed" by a lever-arm speccro-

. mater equipped with a sulcicellular Screnkov counter and 
a muon identifier. 

The vertex spectrometer consists of the Coliath 
magnet (l.J Î, 0 pole 2 m, gap 1.05 m), whose centre is 
2.25 m from the middle target; Coliath is filled with 
two small proportional chambers (0.6 * 0.22 m 1; one 
vertical plane, 1 mm wire spacing; two tilted planes, 
2 ma wire (pacing) and eleven medium-sized proportional 

.«bombers (1.8 * 7 m 1; four planes, 2 mm wire spacing). 
The number of wires in Coliach is * 30,000. 

The forward lever-am is composed of tvo large pro­
portional ehas.bera ( 3 x 2 »', four planes, 3 rma wire 
spacing) and a multicellular (23 cells) Cerenkov councar 
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filled wi»:-t CO] at atmospheric pressure. The muon fil­
ter consists of an iron shield, 3.4 n thick, sandvicheJ 
betveen horizontal slabs of scintillator. The front 
and rear slabs are arranged in pairs which point for­
ward chv targets. The pairs are combined to define 
four quadrants relative to the median horizontal and 
vertical planes of the experiment (each quadrant has 
eight pairs of slabs). A vertical hodoseope (40 slabs) 
completes fte muon identification after the iron. 

The tr.sger is based on the dete. tion of opposice-
tigo muons; this is achieved by requiring hits in 
either pair of the diagonally opposite quadrants. A 
gap in the horizontal median plane cf zl6 mrad it pro­
vided in order to lower the trigger race cosing frca 
it-u decays, between the target and the cuon filcer, 
which produce mainly low uu effective masses. The J/'i£> 
production rate i» 0.35 » 10"' O 100 J/9/cay). 

RESULTS 

1. IPENTIFICATIOH OF KNOW: PARTICLES 

figure 2 shows the J/tp and ifi' signal obtained with­
out any ranoraalization of the magnetic field map. One 
gets 

Tables: 
• . • 3095.4* ± 0.46 MeV/e2 3097 s 2 

V 3683 i 6 HeV/c' 3664 i 3 

35 z 6 KeV/e' 

n.j fit of the full spectrum with two exponentials for 
the background and two Caustians for the J/'p and ip' 
shows that out of 10,640 events between 2.95 and 
3.25 CeV/e1 there are 9000 .!/*'*. (This tpeetrun ex­
cludes a sample of 1650 J/ifi't taken with a jpeci.il 
X •* J/* y-detoet»r configuration.) The background in 
our J/* sample is thus about 151. 

i 
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One sees also 140 '!/"% with a background of about 
40Z in the 3.585-3.785 CeV/c2 oats ranee. The Bass reso­
lution ̂ o(M)/H > l.2l} is far better than for a bean dump 
experiment and allows a clear separation of the J/y and 
*.' peaks. 

Figure 3 presents the J/<i m effective mats spec­
trum. The •' signal appears in spite of the high com­
binatorial background. The background shape is obtained 
by a polynomial fit to the J/Çr IT* * j/f *~*~ distribu­
tion. The solid line is the fit obtained with a Caussian 
for the resonance plus the previously determined poly­
nomial fit of the Background. We get 

H • 3662 t 2 MeV , 

O - 12 t * MeV . 

The peak contains 280 events. Ti ob- tin such a good 
resolution, the J/4 mass has been constrained to take 
its «act value . 

2. ASSOCIATES PARTICLES 

Figure 4a gives the if effective mast spectrum 
versus the p* effective matt spectrum for the V*'s col­
lect -id in our experiment. Ibe A and the K* signals 
and the v reflection can clearly be seen. Figure 4b 
gives the e c effective mass spectrum versus the HT 
one for the sane V*'s. Here the K*, the 1, and the A 
reflection can be seen. 

la what follows, we reject the areas of Fig. 4 
which contain the ambiguities between K* and 1, between 
K* and A, and between A and Y- Figure Sa shows the K* 
signal. A fit to the mass gives 

Tables: 
Hj, - 497.74 t 0.45 MeV/c* 497.67 * 0.1J 

a • 8.1 i 0.4 MeV/c1 . 

It yields 570 i 28 ¥.''* ouc of a total of 660 events in 
• 120 KeV/c1 mass rang* centred on 498 McV/c1. Hence 
for the events in this range, the background it 212. 
Figure 5b shows the A * A signal. A fit to the matt 
distribution givet 

Tablet: 
K A • 111S.3 * 0.2 MeV/e' 1115.6 t 0.05 

a • 2.» 1 0.3 MeV/c1 . 

This yields 180 i 20 A't. 

J. J/» Kff mF.CT1VE MASSES 

tuilding J/* K, J/* K*, J/ii Kit, J/* K*i effective 
mass spectra is a way of looking for possible naked 
beauty states; a possible quark diagram is: 

V 
»! lor 5 or 

»or d Of» t 

J / * 

i-*IC,Kw,K»-

On* expects masses greater than 5.2 CeV/c1 .due to the 
limit set by the T": 

m > _ | _ . j . 2 CeV/c' 

Our sample of 9000 J/*'s is composed of two subsets: 
om* (6671 J/*':) taken at ISO CeV/c, and the other (23:4 
J/>'s) taken at 17S CeV/c incident pion momentum. The 
J/tpK*s effective mass spectrum it given for both 
samples cenbinM in Fig. 6. In each effective east cal­
culation the 211/ and K* are constrained to their exact 
«aim* The binning, 40 MeV, is equal to the résolution. 
A peak shows up at 5.3 CeV/c1. The J/iJir.~it spectrum 
seen in Fig. 7 also shows an enhancement at 5.3 C*V/c:. 
It appears clearly when we ask for PjdO > 0.5 CeV/c. 
The J/v K it spectrum does not show anything (Fig. 8), 
bat it can be seen that the background is twice that for 
the K ; it is probably due to the proton contamination 
•f our K sampl*. Figure 9 shows the sua of the 111/ 

K**~ and J/* K*V channels: in Fig. 9a with 40 MeV bins 
and in Fig. 9b with 20 MeV bins. A fit to the speetium 
with a polynomial plus a Caussian yields 

Hj • 5300 * 7 HtV/c* 

O - 22 S 7 MeV/c' 

• > 45 t 14 

In order to estimate the statistical significance of this 
peak, we have made a special histogram in which a given 
event contributes only one* to a given bin (Fig. 9c) . 
We get: 

Signal 25 event* 
Background 37 eventt 
Total 62 events 
t/A - 4.1 o 
%1/t ' 3.1 a 

3.1 Cross-section estimât* for ""? -» BB « X 

Out average J/i|> total production cross-saction is 
100 t 10 nb ' ' . With 9000 J/*'» Cher* is a sensi t iv i ty 
of "V 11 pb/J*r event. Without «ny established production 
model i t i s difficult to estimate our acceptance. A 
crude calculation for the K acceptances lead* to ta * 
•v 2 nb. 



If the branching ratio i s around IS , vc get 
is result i s cat far from previous­

ly predicted cross-sections . 
"aï * 2 0 ° "* 

3.2 Theoretical interpretation 

la March 1979, Fricxsch predicted observable de­
cay* of the I in JAJr K, J/* K*. J/* Br, J/« r . V The 
•ranching fractions at each vertex tltat he predicts art: 

«109% 
I 

Wi 

~i«%b I-20% J/+ 

, This leads to an estittste of the branching fraction 
» -» J / t X of t> 31. We do not see anything in J/* K 
and J/* K*. 

Since then, Fritzsch and Vetcel (private cesBuni-
cation) bav* given kinciaatical arguments which suppress 
tbe 11% K and J/i> K* nodes: since the recoiling in­
variant nass i s between 1.1 and 1.8 CeV/c, tbe J/* K* 
•ode i s favoured. 

«. A SECOrrp KAY OF tOOKISC FOR BEACH 

An alternative diagraa which also has J/*, K's, and 
w*s in the final state i s : 

Ka« 
w 

3 

H 
9 r'S 

H Jl H 
» c 

I 

1 0 - Km» 

J/ t 
; 

H 
» c 

I 

1 0 - Km» 

J/ t *: c 

0 - Km» 

J/ t 
1 

H X 

Stassting all channels (K nn~) with 2 1 n i S, we 
get Fig. 10a. Ko peak appears. If we ask that one 
eoabination (FT •**) with 1 S • £ 0-1 has the nits 
(Hp I 40 H»V> we get Fig. 10b. A will peak appears at 
5.3 CeV/c1. An additional cut on the K', K transverse 
aosenum, p_(K) > 0.5 CeV/c, reinforces the signal 
(Fig. 10c); this cut is justified because a heavy nass 
decays into light particles. 

The peak is still there (Fig. 11) if we restrict 
the tjaas (ITa« tr further to be 8^ t 20 Me». 

«WCtCSIOS 

Evidence for a new resonance at S.> S.:V/c' i s 
appearing. In the J/ip KR channel there is a 4.1o effect; 
ia he It a» channels an effect i s also seen. Clearly, 
•ore s ta t i s t i c s are needed in ord> to se t t le the ques­
t ion. The reason wh» i t seems easier to see the B than 
the D signal, despite the small branching ratio in bach 
cases, i s that the J/iJr, the trigger particle, enters the 
effective aass combination, whereas this is not the case 
for the D. Moreover, the J/$, with i t s very clear sig­
nature, allows us to reach vet y saall cross-sections. 
For the K ne case, because of the large aass of the B, 
the signal appears because there is l i t t l e phase-space 
lef t for t'.te background and because we sun a l l the pos­
sible K a* decays of the D. 

In this , a I oeson decays to De, 02», 
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Fig. 1 Experisental layout. B represents a scintillator hodoscepe; u is a m o n bean halo detector. 
Fig. 2 Diauon suss spectrua, uncorrected for geoaetrical acceptance. 
Fig. 3 311/ T w «ass spectrum with the background shape from J/* it a • J/p * * superimposed. 
Fig. 4a p« effective aass spectrua versus the m effective sass srectrua for the observed V*'s. 
Fig. 4b « v* effective sass spectrusi versus the e e effective aass spectrum for the sane V*'s. 
Fir. 5* Mass spectrua of the K*. 
Fig. 5b Kass spectrum of the A and Â. 
Fig. 6 J/* t'-i effective aass spectrin». 
Fig. 7 J/V K~fl effective aass spectrin» with p_(K") > 0.5 CeV/c. 
Fig. 8 j/f K**~ effective aass tpcetrua with p_(K*) > O.S CeV/c. 

Fig. 9« A sua of the J/* K*3* and V* K~** effective aass spectra, with 40 MeV/c* bins. 
Fig. 9b Sane aa (a), with 20 MeV/e1 bins. 
Fig. 9c J/il K*v effective aass spectrua in which an event contributes only once to a given bin. 

! • I 
Fig. 10 <K n*~) effective aass speetrua: 

•) 2 < n < 5; • • 
f i • 

b) Sam as (a) with the additional recuireaent >.bat the effective aass (Urn.) has the nass (M_ S 
t «0 SeV/c2) and 1 t a S n-1; 

c) Sat» as (b) with p (K) > 0.5 CeV/c. 
t t 

Fig. 11 Sue as Fig. 10 but with aass (K a»*) • Mj, i 20 Ct»/c'. 
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