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We report the experimental results obtained at Adone by the MEA Group on
the J/$(3100) decay into lepton pairs. Preliminary results on the integrated cross-
sections for the channels ete~— hadrons, utu-, ete~ have been reported (). In this
paper we give results on the ete™ and ptu~ pair angular distributions and on the partial
decay widths. These results turn out to be compatible with a J?¢= 1-— assignment (2)
for the J/¢(3100).

(*) Supported by Accademia Nazionale dei Lincei, Roma.
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The Magnet Group experimental set-up (Fig. 1) is described in detail in ref. (?).
We recall here briefly the angular acceptance of the experimental apparatus and the
event identification criteria used in the analysis. The solid angle covered by the
apparatus for pointlike source is AQ,~0.4xX47x (40°<0<140°) for momentum
analysis, and ARy~ 0.27X4x for particle identification.
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Fig. 1. ~ Vertical section of the experimental apparatus. C,, C’; are narrow-gap spark chambers;
O, C,' are wide-gap cylindrical spark chambers for momentum analysis; Cj, C:, are thick-plate spark
chambors for particles identification. M.W.P.C. are multiwire proportional chambers; S,, ..., Sy are scin-
tillation counters.

Events from the reaction ete~—ete~ are identified by requiring two colinear
(A6 10°), coplanar (Ap< 10°) particles in the apparatus with opposite charges. In
addition one requests

a) the proper position of the source point;
b) a correct timing of the event with the crossing of the ete~ bunches;

¢) a correct time difference in both sides of the apparatus between signals
from (8,8,) and 8, [(8;8;) and §,} (see Fig. 1);
d) electromagnetic showers to be observed in the thick-plate chambers Oy, Oy
outside the magnet (see Fig. 1).
The luminosity monitor provided by the ete~— ete~ small-angle ((3--6)°) scat-
tering, as measured by the Adone machine group in a different interaction region of
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the storage ring, was used as a relative « fast » monitor; the large-angle ete~-—>e*e~

scattering rate detccted in the apparatus at 4/s= 3.0 GeV provided the absolute
cross-section scale.
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Fig. 2. — Radial source distribution of ote- -> oto- ovents.

The ete~ results refer to an integrated luminosity £ = 41.2 nb~! collected in the
total c.m. energy interval 4/s=(3084--3125) MeV. The total number of ete—-»ete~
detected events is 445.

The radial source distribution of detected ete~— e*e~ events as obtained by using
the information from multiwire proportional chambers is shown in Fig. 2. At Adone
the radial dimension of the source is ~1 mm. The observed 4 3 mm spread
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Fig. 3. — Encrgy dependence of cto~ e¢to™ —> rate (]cos0] < 0.7). —-— QED expocted rate (Monte
Carlo calculation), ~—-— QKD rate as dorived fromn the best-likelihood fit to the angular distribution.
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(F.W.H.M.) is due to wire chamber resolution and multiple scattering in the vacuum
chamber walls.

The ete~— ete~ rate integrated over the acceptance of the experimental apparatus
is shown in Tig. 3 as a function of 4/s. Only etc¢~ pairs in the angular interval
|cos 8]<C 0.7 have been used in the analysis: 0 is defined as the angle between the out-
coming and the incoming positron. The full line in Fig. 3 shows the expected Bhabha-
scattering contribution evaluated by a Monte Carlo calculation taking into account
the geometrical features of the apparatus and the effect of the extended source (*).
At /s =3.1 GeV total e.m. energy the Bhabha-scattering detection efficiency of the
apparatus in the angular interval |cos6|< 0.7 is found to be 119%,.

The angular distribution of ete~ pairs detected in the apparatus is given in
Fig. 4a), b). Figure 4a) shows the angular distribution of events outside the resonance
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Fig. 4. — Angular distributions of detceted c*e~ pairs. The dashed lines show the behaviour obtained
by the maximum likelihood calculation. Angular distribution in the energy range: &) 3.5 MeV <
< [vs — M| < 20 MoV (97% Bhabha scattering), &) |Vs — M| < 3.5 MoV (59% DBhabha scattering).

(*) At Adone the longitudinal distribution of the source, N(/), depends on the cenergy according to
N(l) = Ngexp [~ I*/213] with I, (cm) = 171_0“}t (,, GeV).
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region, 3.5 MeV < [v/5s — M| < 20 MeV; Fig. 4b) shows the angular distribution inside
the resonance region, |v/s — M|< 3.5 MeV.

The distribution of Fig. 4a) is well consistent with the expected Bhabha-scattering
behaviour and that of Fig. 4b) appears to be consistent with the 1 - cos20 behaviour
expected for a spin-one particle. We have evaluated by a maximum-likelihood proce-
dure the relative amounts of Bhabha scattering and resonant contribution in these
angular distributions. A distribution of the type

«B(6) + (1 —a)R(6)

has been used, where « is a free parameter and B(6), E(f) are the Bhabha scattering and
resonant contributions respectively as seen by the apparatus. Since the energy spread
of the beams is quite large with respect to the natural width of the resonance, inter-
ference effects between resonant and nonresonant contributions should be very small
and have been neglected. The relative amounts of Bhabha scattering outside and inside
the resonance region as determined by the maximum-likelihood calculation are given
in Table I.

TaBLE I.
Energy interval o: fraction of xi/d.f.
(MeV) Bhabha scattering
1) 3.5<4/5—3103< 20 097430 8/13
— 3.5>4/5—3103>—20
— 83.5< 4/s—38103< 3.5 0.59 4+ 0.07 14/13
2) —20 <+/5—3103< 20 0.70 £ 0.06

From the fraction «=0.70 4 0.06 (Table I, 2)) the rate of Bhabha scattering in
the experimental apparatus turns out to be (9.7 +1.4)nb (dashed line in Fig. 3)
in good agreement with prediction of the Monte Carlo calculation which gives
(10.5 -£ 0.4) nb.

The ete~— cte~ cross-sections integrated over the angular interval |cos 6< 0.7 is
shown in Fig. 5. The dashed line in Fig. 5 shows the energy dependence of the cross-
section obtained by folding a Breit-Wigner cross-section modified for radiative correc-
tion effects (*) with the Gaussian beam energy distribution (*). The experimental value
of the resonant total cross-section integrated over the energy interval — 3.5 MeV <
<Vs§—M< 4.5MeV after having applied radiative corrections (1.52 correction
factor) turns out to be

a;‘e"zfg:::'ds%: (8.2 £ 2.2)-10% nb-MeV .

A 1+cos?0 angular distribution has been assumed in order to evaluate the total
cross-section. By using the following equation which relates the energy integral of the

(*) M. GRrECO, G. PANCHERI-SRIVASTAVA and Y. SRIVASTAVA: Phys. Leti., 56 B, 367 (1975); M. GrECo,
G. PANCHERI-SRIVASTAVA and Y. SRIVASTAVA: Frascati Report LNTF-75/23(P) (1975), to be published;
G. AurareLnl, R. K. ELLis and R. PETRONZIO: Universitd di Roma, Internal Report No. 612 (1975).
(*) At Adone the energy spread of the beams at v = 3.1 GeV is Iy~ 3 MeV (F.W.H.M.).
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Fig. 5. — Cross-section for e*e- — e+e~, integrated over the interval |cos0]<< 0.7, vs. the total c.m.

energy.

cross-section 09" to the mass and decay widths of the resonance:

ore-_ 20%(2J + 1) I'?
' M r,

s

taking J =1 and M = 3103 (*), we obtain

re
.]_; = (0.344 4- 0.093) keV .

4

The quoted error includes the systematic uncertainties in the detection efficiency and
in the monitor calibration.

Events from the reaction ete~— pu+u~ are requested to satisfy criteria a) to o),
and in addition are identified by the absence of interactions in the thick-plate spark
chambers ¢, and O, (Fig. 1) and by momentuom measurement. A total of 149 p+u-
events have been used in the present work in the energy interval /5 = (3095 -3108) MeV
corresponding to an integrated luninosity % = 39.5nb-'. Cosmic-ray and hadron
pair contaminations are completely negligible.

The angular distribution of detected wu+w~ pairs integrated over the energy interval
4/8 = (3098 =-3108) MeV is shown in Fig. 6. Data have been corrected for the detec-
tion efficiency of the apparatus and appear to be consistent with a 1-4cos?é

(*) An estimate of the uncertainty in the absolute energy calibration gives an error of + 6 MeV on

the quoted J/{ mass.
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angular distribution which is also shown in Fig. 6 as a dashed line (y%/degree of
freedom = 1.0). The forward-backward asymmetry averaged over the energy interval
/8 =(3098 ~3108) MeV turns out to be
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Fig. 8. — Angular distribution of uty~ pairs integrated over the enorgy interval ¥s =(3098+3108) MeV.
Data are corrected for detection efficiency. 0 is tho angle between the outcoming u* and the incoming e*.
The dashed line represents the 1 + cost0 angular distribution.

The analysis of possible energy-dependent effccts on the asymmetry (*) is in progress.

The ete~— putp~ total cross-scetion is given in Fig. 7 as a function of the total
c.m. energy +/s. A 14 cos?0 angular distribution has been agsumed in order to
evaluate the total cross-section (5.39%, geometrical detection efficiency). The full line
in Fig. 7 shows the expected QED level; the dashed line shows the energy behaviour
of the cross-seetion obtained by folding a Breit-Wigner cross-section with radiative
effects and the Gaussian beam energy distribution.

The total ete~— p+p~ integrated cross-section after radiative corrections (1.56 cor-
rection factor) is found to be

o§‘+”‘=fa§‘;:ds*= (9.0 4- 1.3)-10% nb-MeV ,
which gives

r,r.
~ = (0.379 £ 0.049) keV .

r
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Fig. 7. — Total cross-scction for ete~ = pu*ty~ wvs. the total c.m. cnergy. The full line shows the
expected QED levol.

For the ratio I',/I'y we therefore obtain

F'*-lloi()ls
7 =1 18

e

TasLE II.

I,

(0.34 -+ 0.09) keV

I.TWTp= (0.38+ 0.05)keV

ryr, = 110+ 0.8

r, = (4.6 + 1.0) keV
r, = (5.0 + 1.0) keV
I'y = (50 +25) keV

Iy = (60 £25 keV
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The results on partial decay widths are summarized in Table II. In order to derive
I, Iy, Thaar0» the value o= (9.2 4+ 19) nb-GeV has been used (!). This value of
the ete~— J/{(3100) - hadrons cross-section takes into account radiative corrections (3)
(not applied in ref. (!)) and a more precise cvaluation of multihadron detection
efficiencies. Finally the results given in Table II have been obtained under the assump-
tion I'p,= 1,4+ I’uJ,— Iy.

k % ¥
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