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ABSTRACT

. Dimon production is studied in 217 CeV¥/e

% =hydrogen and 7 -beryllium collisions in an open geometry

with a lead glass array to detect photons associated with

the ¥. The §~y mass spectrum shows a 2.6 standard deviation
- peak above background at ~ 3.5 GeV. This result implies chac
0.70 £ 0.23 of the ¢'s are produced via the radiative decay
of one of the x(v 3.5) states.



We have observed production of X(v 3.5 GeV) states in an experiment done
st Termilab using a 217 GeV/c ¥ beam incident om beryllium and liquid
hydrogen targets. It has been suggested-l-’z, that hadronic production of the ¢
occurs primarily through the production of an intermediate y state, followed
by the decay x + ¢ + vy or X + ¢ + hadrons. A rtecent result—z-'! from the
CERN ISR has indicated chat such intermedfate x states are important in proton—-
proton collisions, We report here on results obtained in a search for x +
P+ yin ¥ N interactions.

The Chicago Cyclotron Magnet Spectrometer facility was used in an open
. geometry to detect and identify particles assoclated with dimuon production.
A wchematic draving of the apparatus is shown in Figure 1., Negative pions
of 217 GeV/c strike a 2.5 cm-long beryllium target followed by a 40 cm-long,
3.0 ca~dismeter liquid hydrogen target. The trigger required two pemetrating
‘particles in diagonally-opposed quadrants of a scintillation counter hodoac_ope
located dovnstream of a steel hadron abscorber (2.5-3.5 m thick). This particular
geomatric constraint reduced the trigger rate due to proapt lov-smass dimuons
(P.,4) and due to lov-mass dimuons originating from pions decaying in £flight.
During most of the runs, the T besm intensity was § x 10° x/pulse. The K
sod p contaminations of the beam were about 2.5%7 and 0.5% respectively. The
typical trigger rate vas 3 per pulse. This report {s based on s total fncident

beam flux of & x 1010

plons.

Charged particle positions were measured upstrean of the magnet by a
7500 vire syscem of multivire proportional chasbhers and dowmstream of the .
asgnet by 14 gaps (28 planes) of aultiwvire spark chambers. The magnet was

run with a 14-kC central field. A 2 m-long 18 cell threshold Cherenkov counter



allswed partial 7-K separation in an 8-30 GeV/c momentum interval. A 76-elemeat
lead~flass Cherenkov array (each 6.35 em x 6.35 cm x 61 cm, 20.5 radiatiom lengths)
deseczed photons.

The lead-glass array calibrurion wvas monitored during this experiment with an I:ED
systea. Following the data run, the array was moved into an electron beam in
the Procon area at Fermilab for calibration. To demonstrate the
resolzzica of the lead-glass system, we show in Figure 2 the Y-Y mass spectrum for
a smple of hadronic triggers from the data run. Thers is a clear n° peak with a
full widsh az half maximum of v 35 MeV. The n° 1s not seen due to the limited
trmasverse acceptance of the array. The background curve in Figure 2 was
calmmlaced by pairing .Y" from separate eveats. Ail photons are required to have
mm eergy above 5 GeV, Hadronic showers have been removed by & cut on the lateral
sypread af che shower.

the dimucn mass spectrum above 2.7 GeV 1{s shown in Figurc 3. A clear ¥
nd. of adcut 160 events above background is evident. The full width at half
maxiuom of the 3 peak 1is 100 MeV and is consistent with the expected resolution
of the apparatus. Events with u+u— effective mass between 2.9 and 3.3 GeV were
fit to the coe-constraint {1-C) hypothesis that the u+u_ are from the decay of
the $(3X093). Demanding a chi-squared less than 10 for the 1-C fits extracts 1863
¥ events (referred to hereinafter as 1-C fit ¢'s); we estimate the non-y
coutaminatisc io these 163 events to be ]Jess than 10 events. Figure 4 shows
the Teyoman x (xF) and transverse momentum (pr) distributions for the 1-C fic ¢
events. The raw X distribution peaks at 0.65, while the accepcance corrected
éseridecies can be £Lc to che form (1/E)(l-xp)® with A = 1.25 £ 0.23. The p_
depevdenze of che § fizs the form (p't) elxp(--Bp.r) with B = 1.45 £ 0.13., We have
also fit the xr and Pt distributions separately for w p aud ¥ Be events. The
resulzas of thase fits are given in Table I,

We have examined the photons associated with the 1-C fit ¢ events. Photons



with (1) energy less than 5 GeV, (2} lateral shower distribution cousistent with

& hadronic shower, or (3) Y-Y invariant mass consistent with the 10 were removed.
The cut (1) removes photons in an energy range where our shower finding

algoritha is uncertain, but does not remove any X sigual (photons from X's

must have E:Y > 10 GeV {n our apparatus). The cut (2) on lateral shower
distributions removes " 70X of hadronic showers and only * 152 of real photom
showers. Figure 5(a) shows the Y-y invarlant mass spe;:tru.l. The estimated
background (dashed lime in Figure 5{a) )} was obtaimed by taking photons from events
with ytu~ invariant mass in the range 2.7-2.9 GeV and 3.3-4.0 GeV (Non—y events) and
combining these photons with the complete sample of 1-C fit P's. This background
was then normalized to the number of photons observed in the Non~y events, scaled
by the ratio of 1-C fit § events to Non—{ events. The result of subtracting this
background is shown in Figure 5(b}.

Pigure 5 shows & clear peak in the Y~y mass spectrum at 3.5 GeV. We fit
the distribution in Figure 5(a) with a Gaussian plus the normalized background and
find an excess of 17.2 t 6.6 events centered at 3.51 -Gev with a 0 of 75 Me¥. The
confidence level of this fit:y is 99%. We sxpect a Y~y mans resolution with
G ~ 60 MeV based on the observed width of our L peak (see Figure 2) since the
ertor is primarily in the photon energy determination.

1f we attribute the excess events at 3.5 GeV to the process ) + ¢y, ve

obtaln, with & Monte Car].oy determined acceptance of 0.15,

(] Y@@
R v ) s & - 0.70 £ 0.28.

o
L x"\-o.s

This result compares favorably with the value of 0.43 t 0.21 obtained by Cobb

ot a.Y o x, ~ 0 1a pp collisions at V3 = 55 GeV.



Our 0 ~ 60 MeV Y~y mass resolution does not allow us to clearly separate
tha x{3415): x(3510): x(3555) states, although our fit indicates the higher mass
is preferred. We note that a current gluon fusion lodely predicts production
erusas sections for these states in the ratfo 3:4 for x(3415): %(3555). Production
of the X(3510) by fusion of two gluons is forbidden. Folding in the msuredﬁl
branching ratios for X + ¥y, we would expect to see ¥~Yy's in the rarioc 1:6.5 for
x(3415): x(3555). Our data is consistent with this ratio,

To recapitulate, our measurement of the |-y masg spectrum in the regiom
3.4-1.6 reveals an excess of 17.2 * 6.6 events above the expected background.
Eacloding acceptance corrections, this result fmplies that ~ 70X of all ¥'s
1a ¥ § interactions at 217 GeVlc near x, = 0.5 come from the production of X
states foliowed by the decay ¥ ~ ¥y.
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¥ig. 1. The Chicago Cyclotron Magnet Spectrometer Facility as configured

for this axpsriment.
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¥ig. 2. The Y-Y mase spectrua for a sanple of hadronic triggers. The
curve is & background calculated using uncorrelated Y's and is
sormalised to the number of avents in the mass range 0.25-0.30 GeV.
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{a) The xp distribution for the one-constraint ¢ event fits. The
solid histogram indicates the raw cata distrivuction and the cpen circles
are the acceptance-corrected points. The dashed curve is a fit to

1.25 (see text).

the form dhlld::F ~ (1/E)(1-xp)
(d) The acceptance-corrected distribucion (llp.r) d!l/dpt for
the one—constraint § eveanr fits. The curve is a fit to the form

oxp(-1.45 p.‘) (see taxt).
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{s) Tha =Y invarisat mass spectrull. The dashed curve is the
estimated background (see text). The ervor. bar on the background curve
reflects the uncertainty in our normalization.

() The $-Y invariant mass spectrua after subtraction of tha

background shown in (a).



