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I. Detector

A schematic drawing of the SLAC-LBL Mark II magnetic detectorl) is shown in
Figure 1. Starting from the interaction region, the detector consists of two
layers of cylindrical

scintillation counters

around the vacuum pipe, k@fyé/ YLAAAAIIATY, ALY, ;%

Vocuum Chamber

Pipe Counter (2 layers,
scintillation counters)

Drift Chamber
(16 layers)

Time of Flight Counters

Fig. 1. Schematic
{48 total)

drawing of the SLAC-LBL
Mark II magnetic detec-
tor looking along the
beam direction. Not
shown are the hadron ab-
sorbers and proportional
tubes for muon detection
along the sides, and the
endcap shower detectors.

Soienoid Coil

Liquid Argon Shower
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16 layers of cylindrical drift chambers,z) 48 time-of-flight (TOF) scintillation
counters, an aluminum solenoidal coil which produces a 4.1 kG axial field, 8 lead-
-liquid argon (LA) shower counters})lnagnet flux return iron which serves as a
hadron absorber, and two planes of proportional tubes for muon detection. 1In
addition, there are shower detectors covering the endcap regions of the detector.
The drift chamber consists of 16 sense wire layers of radii 0.37 m to 1.51 m
and provides solid angle coverage out to 85% of 4m sr. The azimuthal coordinates
of cﬁarged tracks are measured to an rms accuracy of approximately 200 pm at each
layer. The polar coordinates are determined from the 10 stereo layers oriented
at %39 to the beam axis. Figure 2 shows the charged particle rms momentum resolu-
tion as a function of momentum. This resolution can be expressed as 6p/p =
[(0.0145)2 + (O.OOSp)ZJ%, where p is the momentum in GeV. The first term is the
contribution from multiple Coulomb scattering and the second is the contribution

4)

from the measurement error. The tracking efficiency is greater than 95% for
tracks with p> 100 MeV/c over 75% of 4w sr.

The TOF counters provide timing information over 75% of 4m sr. The average
flight path is 1.85 m which leads to an average rms resolution of 0.270ns for

Bhabha events. Figure 3 shows the difference between the expected time (based on
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Fig. 2. Charged particle momentum \
resolution in the drift chamber as
a function of momentum. 2000 - ¥ ¢ -
Fig. 3. Expected time minus measured - -
time from the TOF system for a sample
of Bhabha events at Eqp=4.16 GeV. The o' »? |

curve represents the expected distri-
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bution for 0.270 ns resolution.

texp. ~ tmegs. (nS) -
the measured path length in the drift chamber) and the measured time (from the
TOF system) for a sample of Bhabha events at 4.l16 GeV center-of-mass energy (Ecml
The curve is a Gaussian with o= 0.270 ns. For hadrons, the average rms resolu-
tion is on the order of 0.300 ns. This leads to a l-¢ separation between T's and
K's at 1.35 GeV and between K's and p's at 2.0 GeV.

The shower counter system consists of 8 LA barrel modules around the central
detector and two endcap modules. The endcap modules (one liquid argon module and
one module consisting of two multi-wire proportional chamber planes) have not
been used in any of the analysis which will be discussed. (For the sake of sim-
plicity, all further reference to the shower counter system will refer to the LA
barrel module system.) The barrel modules each consist of about 14 radiation
lengths of lead and argon, with readout strips parallel, perpendicular to, énd at
450 to the beam axis. This system covers approximately 73% of 4w sr. The rms
angular resolution obtained for electromagnetic showers is typically 8 mrad both
in azimuth and dip angle. The rms energy resolution for photons and electrons is
approximately SE/E = O.lZE"% , where E is the energy GeV. Figure 4 shows the
energy deposited in the liquid argon shower counter system for a sample of Bhabha
events at E.p = 4.16 GeV. The curve is a Gaussian resolution function (with
SE/E = 0.116 E'Ji) convoluted with the radiative tail. Figure 5 shows the depos-
ited energy for a sample of low energy electrons (obtained from converted bhotons
in the vacuum pipe and pipe counter). The electrons range in energy from 125 to

-k
175 MeV, and the curve is the expected distribution for SE/E = 0.11 E “. In both
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. figures, the energy collected in the argon
> —
& 1500 has been corrected for collection efficien-
el
8!000 B i cy, energy loss prior to entering the LA
o
< module, and leakage of energy out the back
[
% 500 |- — of the module.
> .
i Figure 6 shows the detection efficien-
0 . cy for y's in the LA barrel module system
79 EdED (Gev) 35903
|.O T T ¥ L4 T
Fig. 4. Energy distribution in the 0.8 -
LA barrel module system for a sam- >
ple of Bhabhas at E = 4.16 GeV. 2 0.6 - n
The curve represents the expected g
distribution for 0.270 ns resolution. @ 04 N
w
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3 Fig. 6. Detection efficiency
Q for y's as a function of energy
o in the LA barrel modules.
g 400 r 7 Data points are measured values,
w curve is Monte Carlo calculation.
uzJ
> 200 R -1 . . . .
w Fig, 5. Energy distribution in the
liquid argon barrel module system
for a sample of low energy (125 to
0 oo ’ ' 175 MeV) electrons. The curve is
0 0.l 0.2 0.3 0.4 the expected dlstrlbutlon assuming
a7y Ed!p (Gev) 359044 GE/E O 11 E

as a function of energy. Geometric acceptance is not included in the efficiency.
The data points are obtained by making 2-C fits to 2 and 4 prong events at the y
according to the hypotheses w%-n+n_y(y) or w->ﬂ+w_w+n_y(y), where only one vy is
used 'in the fit, and the y(y) system is required to have the mass of the 0. The
efficiency is defined to be the fraction of events in which the missing y is ob-
served and tracked in the liquid argon (assuming the predicted direction places
the missing y in one of the barrel modules). To reduce background from fake y's
(y's which are constructed by the software as a result of noise in the shower
counter system), only y's with energy greater than 300 MeV are used in the fits.
The curve represents a Monte Carlo analysis of the vy efficiency employing the EGS
electromagnetlc shower development code. 5)
Figure 7(a) shows the yy invariant mass distribution for a sample of events

at the y. Each y is required to have momentum greater than 150 MeV/c to reduce

the fake photon background. A 7° peak is clearly seen, but there is no evidence
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Fig. 7. vy invariant mass distribution 800
for a sample of Y events.

(2) All combinations with py > 150 MeV/c,
(b) Same as (a) with the additional
requirement that py, > 500 MeV/c.

600

400

for n° production. (Due to the y energy
distribution, the yy invariant mass dis- 200

tribution tends to peak in the n® mass

region, making separation of a signal

from the background difficult.) 400 (b) -

EVENTS/(0.025 GeV)
(o]

Figure 7(b) shows the same distribution

after imposing a 500 MeV/c momentum cut 300 7
on the total momentum of the yy pair. 200 —

The 7° and no detection efficien- 100 L B
cies as functions of momentum are shown
in Figure 8. In the efficiency calcula- oo O; O; O; O; o
tion, geometric acceptance is included . My, (GeV) 1100as
(At the time of the analysis, only seven

)

of the eight LA barrel modules were operational), and in the case of the n~, the
branching fraction into yy is also included. The solid curves are the Monte

Carlo predictions. The three data points are measured 7° efficiencies. These

0.40 . . . Fig. 8. 7° and no detection efficiencies as
' functions of momentum. Geometry {(for seven
LA barrel modules) and branching fractions
030 k- _ iy are included. Data points are measured T

) values; curves are Monte Carlo calculations.

efficiencies are calculated by comparing the
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o
Ny
o
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J

number of 1-C fits to the decays w-*w+n_(n°)

and w-+n+ﬁ-n+n-(n°) to the number of 5-C fits

0.10
7
to the same decays, where the n° is observed.
o] : 4 1 The detector is triggered with a two-
0 0.5 1.0 15 2.0 6) .
) Prm  (GeV/e) stage hardware trigger, selecting (with ef-

ficiency greater than 99%) all interactions

emitting at least one charged track within
75% of 4m sr and another track within 85% of 47 sr. The luminosity is measured
with independent shower counters detecting Bhabha scattering at 22 mrad, and

checked against wide-angle Bhabha events observed in the central detector.

II. Two-Photon Production

Although two-photon production is generally considered as a background to

. L1 . R
the simpler annihilation events in e e , there has been much recent work, both



theoretical and experimental, devoted to the analysis of two-photon prodﬁction.

The basic diagram is shown in Fig. 9. The final state consists of the scattered

electron and positron (in general at small aneleg to the bheam axie) an
electron and positron {1n general s 1gles Lo the beam aXig) ar
(or lepton pairs) created from the virtual photon pair. We et

have observed evidence for n' production in the reaction
+ - + -
ee +ee n'. . (1)

The final state electron and positron are not observed. The

n' is observed in the central detector decaying into py. &

e 1390416

The data sample consists of data taken by the Mark II at Fig. 9. Diagram
center-of-mass energies between 4.42 and 7.4 GeV. The total for two-photon
integrated luminosity is 5640 nb'l. Events are selected F7 77 77770
which have only two oppositely charged tracks coming from the interaction region
and only one y detected in the LA barrel modules. Events with charged tracks
which are identified as particles other than pions are eliminated. The differ-
" ence between the measured and expected TOF (based on the pion hypothesis) is re-
quired to be less than three standard deviations of the measured resolution; the
deposited energy in the liquid argon is required to be consistent with the pion
hypothesis (to eliminate electrons); and it is required that there be no track-
associated hits in the muon chambers. A y energy cut of EY> 170 MeV is applied
to reduce background from fake v's, and Y's within 60 cm (at the shower counter
radius) of either charged track are ignored in order to reduce backgrounds from
interacting charged tracks and from pattern recognition ambiguities.

Background from.e+e— annihilation is reduced by requiring that the trans-
verse momentum of the n+n_y state about the beam axis be less than 250 MeV/c, and
that the acoplanarity angle between the di-pion system and the y be less than
0.5 rad (0. rad is back-to-back when projected onto the plane normal to the beam
axis). The contribution from lepton or pion pairs produced in two-photon inter-
actions combined with fake photons is suppressed by requiring that the trans-
verse momentum of the diQpion system be greater than 50 MeV/c and the acoplanari-
ty angle between the T's be greater than 0.05 rad. Sixty-nine events fulfill
these requirements. They have been visually scanned and seven were rejected
because there were >4 aligned digitizations in the inner layers of the drift
chamber, indicating an additional unrecognized small angle charged track.

The ﬂ+W—Y invariant mass distribution for the final sample of events, given
in Figure 10, shows a clear n' signal., The mass resolution is consistent with
expectations. No cut has been made on the mn invariant mass, but it has been
verified that the w+n- mass distribution is compatible with all pairs coming
from p° decays for the subsample of events lying in the n' mass region (defined

as 0.8<M <1.1 Gev).
Y
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20 T T Fig. 10. 7w 7 y invariant mass distribution
for sample of two-photon events.

Figure 11 shows the transverse momen-
B i tum (pl) distribution for events in the en-
s B tire data dample. The shaded region repre-
{leqr sents those events in the n' mass region.
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ground events. The solid curve shows the

expected P, distribution for the two-photon process, normalized to the observed

number of n' events. S0 I ] ‘ (;) -
The background from e+e— annihilation events E Z 7
is studied using multihadron events. n+w—y in- § 5 gf 22 _
variant mass combinations are calculated regard- g 2?%? 7
less of the existence of additional charged tracks % //3{%%?f4§%¢gy
or v's, but keeping all other criteria in the ' 0 50 100 150 200 230
p, (Mevric)

event selection. No peaking in the mass distribu- .
Fig. 11. Transverse momen-

tion is observed. Analysis of the P, distribution tum distribution for all
events. Shaded region are
those events in the n' mass
Table I shows the measured cross section for region.

for these events shows it to be nearly uniform.

reaction (1) as a function of E p. The background was subtracted using events
in the adjacent mass regions. The detection efficiency was determined by a
Monte Carlo simulation using the cross section calculation and angular distribu-

tion of Ref. 7. v(The branching fraction for n'-+py used in the calculation was

0.298 + 0.017)| rup1p 1: Cross section for e'e ~e e n' as a function of E -

The cross )

( -
cection for Ecm(GeV) fa@dt(nb ) Number of Events o (nb)
reaction (1)
. . 4.42 800 5.1 £ 2.6 0.98 = 0.50
is directly
proportional 4.5 - 5.0 2130 4,3 + 2.6 0.30 £ 0.18
to the radia- | 00 = ©:0 1730 10.3 * 3.6 0.91 * 0.32
tive width 7.4 980 3.1 % 2.2 0.84 % 0.60
8)

n'+>yy’

Using the two-photon cross section calculation in Ref. 7, we determine Fn'*‘YY=
‘5.9 + 1.6 keV. (The error is statistical only and does not include an estimated

systematic error of +20%.) Using the measured BR(n'=+yy) = 0.020 * 0.003, the
' 9)

total width is determined to be Ty, = 300 * 90 keV. The radiative width of

the n' is of interest theoretically as predictions for the width vary greatly

10)

depending on the quark charges used in the model. Quark models with



fractionally charged quarks and a small pseudoscaler octet ~ singlet mixing angle
lead to the prediction anﬁ.YY::B keV under the assumption of equal singlet and
octet couplings. The corresponding width for integrally charged quarks is approx-
imately 26 keV.

IITI. Direct Y Production at the Y

We present preliminary results on inclusive y production ét the ¥. Rather
than using y's detected in the shower counter, y's which convert in the 0.06—-X0-
vacuum pipe and pipe counter are used in the analysis. Although the statistics
are poorer than would be obtained using Y's in the shower counter, there are
three advantages to using this method. First, the energy resolution is much
better than that obtained with y's in the liquid argon since it depends on the
momentum resolution for charged tracks in the drift chamber. Second, the trigger
efficiency can be estimated very well since essentially all converted y's which
are observed in the central detector will provide a trigger. Thus, the detection
efficiency is merely a geometric problem. Third, there is no problem with misiden-
tification of high energy m°'s as y's because of shower overlap in the LA barrel
modules.

Of particular interest is the direct production of y's (i.e., Y's which do
not originate from the decays of hadrons such as 7°'s or n®'s). Most hadronic
decays of the y proceed via three gluons as shown in Fig. 12(a).11) However, one
can replace one of the final-state gluon lines by a photon, resulting in the
diagram shown in Figure 12(b). The resulting width is smaller by a factor propor-
tional to a/as, where ag is the strong-coupling constant and o is the fine-

structure constant. Using a value for ag = 0.19, one obtains the result

9 Y
Fig. 12, (a) Diagram for ¢ decays via three-gluons. -—-{]::EEEEQ --{]::EEEEg
(b) ¢ decay diagram where one gluon line has been 9 9
replaced by a Y. en _(a) 181 N
12)
I'(y~+vgg) /T (¥~ ggg) ~0.12.

account other hadron decays and decays —— 7T T

Taking into

>

into lepton pairs, T'(y+vgg)/Tror~ 0.09. >

Although the width is relatively small, 7
the inclusive production cross section ax
rises with x (defined as the y momentum

divided by the beam energy), whereas back-

ground from hadronic decays falls with x. 0
0 0.2 04 0.6 0.8 1.0

Thus, one expects to see an excess of y's o X awrous

at large x. The expected inclusive y dis-

Fig. 13. Theoretical inclusive
distribution of direct y's as a
Figure 13. The presence of resonance function of x (scale is arbitrary).

tribution as a function of x is shown in

-8 -



structure in the final state is expected to perturb the distribution as éhown by
the dashed curve, although the area under the distribution is expected to be
invariant by the usual duélity arguments.

The data used in this preliminary analysis consists of approximately 400,000
produced y's. In the final analysis, we expect to increase the data sample by a
factor of 2- 3. Figure l4(a) shows the measured inclusive ¥ distribution as a
function of x. The large x region is shown expanded in Figure l4(b). Clear
peaks are seen in the x distribution corresponding to the decay y~+n'y (at x=0.90)

and the background QED process e+e- - Yy

(at x=1.00). After eliminating most of the 1000 , | I ‘
QED events and correcting the distribution ,\ ; .'.”‘... ()
for acceptance, the resulting distribution g e “'0..
is shown in Figure 15. S\?IOOE .‘o.“

Ideally, in order to measure the direct g = “0%’ R
y production, one would measure the inclu- :>_,J E i ‘#’ ¢ b
sive 7° and n® production distributions, and 0 { L \ \ ﬂ
use these distributions to predict the ¥ 0 6z 04 06 08 10
distribution originating from hadronic de- >0 ' ! '
cays. The difference between the measured —~ 40 (b)
and predicted distributions would give the § 10 + + )
direct y distribution. This analysis has S % ++ + +
not yet been done, as good measurements of E 20 - + + +++ + +++ + .
70 and n° spectra are not available. A pre- o 0 L +++++ +++ +++ i
liminary prediction of the background from + +++ +*¢
hadronic decays based on unpublished data 00‘7 01.8 Of9 Llo &“l‘.’l
from the Lead-Glass Wall experiment at e X 3svone

SPEAR13) is shown as the solid curve in

Fig. 14. Uncorrected inclusive y
distribution as a function of x for
the estimated error in the predictiom. converted y's at the ¢ for (a) all

events, and (b) events with x> 0.7.

Figure 15. The dashed curves represent

Unfortunately, data is not available above
x= 0.6, because of lack of statistics in

the Lead-Glass Wall analysis.

A straight-line extrapolation of the 10° E '5
prediction at low x to large x shows an = E E
excess in the y spectrum at large x. How- § '04“5_‘ E
ever, due to the preliminary stage of the :\; - ]
analysis, only rather conservative limits, 5103;— 0’00, =

] E ?ﬁ—?
Fig. 15. Inclusive y distribution at they 02 i | | \ | )

corrected for acceptance and detection .
efficiency. Curves are described in text. ‘ere



which do not depend upon an understanding of the background, will be given for

the branching fraction. An upper limit can be set based on the assumption that
there is no background from hadronic decays above x= 0.8 (i.e., all observed Y's
are direct). After correcting for the expected 1+-cosze distribution at large
X 12) (the acceptance corrections applied to the data assumed isotropic produc-
tion of y's), and for the fraction of the distribution below x= 0.8, one obtains
I(p>vgg) /T, $0.054. This limit is already smaller than the predicted branch-
ing fraction by nearly a factor of 2. However, there is some uncertainty as to

14)

the correct value of ag to use. Values of o which predict a branching
fraction consistent with this number are not inconsistent with some theoretical
models which describe the charmonium spectrum.
A lower limit on this branching fraction can be set by summing the branching
fractions for the.measured exclusive final states which have been observed: ny,
15)

n'y, and fy. Correcting this number for the fraction of the distribution

with x< 0.8, a lower limit of F(w-*Ygg)/Ftotz;0.0l6 is obtained.

. 4 -
IV. Exclusive Decays of Yy = T T 7YY

A sample of ¥ events (described in the previous sectiqn) containing two
charged prongs and at least two y's observed in the LA barrel modules were fit to
the hypothesis ¢ -+ w+1f'yy. Events with charged tracks identified as particles
other than pions were eliminated. Events with more than two Y's were multiply
fit for each pair of y's. This was to prevent loss of events with extra fake
photons. No constraint was made on the yy invariant mass. Events consistent

with the following decay modes were observed.
vy (2)

p>p T (3

Y >p T (4)

y+rTm owToT (non-resonant) (5)

The Yy invariant mass distribution is given in Figure 16(a), showing a clean 7°
peak. The ﬂ+ﬂ— invariant mass distribution is shown in Figure 16(b). The recoil-
ing y's are required to form a m° (0.12< MYY< 0.15 GeV), and events with charged

p's (0.60<M 0<0.90 GeV) are eliminated. ‘A po peak is clearly seen here.
T

- 10 -



300 T T 7 T Fig. 16. Invariant mass distribution for a
— - | sample of events which fit y -+ nTn~vyy.
3250 (a) ++ (a) yy mass. (b) 71T mass recoiling against a
8 200 - _ 70 with events with p%* candidates eliminated.
o (¢) mtr~y mass, with events containing a m°
C 50 4 eliminated. Cuts are described in detail in
~ t
) the text.
Z 100 ¢ N
w . o
50+ . - Finally, an n' peak is observed in Figure
. -
0 losen Ateccootns’ | ®ageses 16(c) showing the 1r+1r v invariant mass distri-
0.05% 0.10 0.15 0.20 .o .
. Myy (GeV) s bution {with 7O events eliminated). 1In all
100 cases, the invariant masses are calculated us-
T T 1
ing the fitted values of the track parameters.
% 80 (b) + N The resulting branching fractions are
(]
2 60} H _ given in Table II and compared to previously
g— + published values. The pw branching fractions
B 40k i
= are consistent with previous measurements,
i
o le ,+ ++++ . but the n'y branching fraction is somewhat
0 bovee® | “”0.’.’0.0.0043" larger (but see Ref. 15). The branching ra-
0.5 lMo (Ge\!/')s 2.0 tio to 3m (including pw) is measured to be
4=-79 mr 3590At4
BR(y~>ntn~nC) = 0.0140 + 0.0020. This final
50
I ' l state is observed to be nearly all pm, with
240F (¢) + . T(pm)/T(3m) = 0.94 % 0.06.
[&]
g 30 | . V. ¢' Cascade Decays
<
Y 20 +- + - Although considerable work has been done
Z
Y + + on analyzing the states arising from radia-
w10 B ' 20)
. " $ §¢+”“‘ +ﬁ¢} tive decays of the ¥ and V', the connec-
0.8 0.9 0 ) 2 tion between the observed states and the pre-
=79 Mrmy (Gev) 2s90a12 dicted charmonium levels are still unclear in
TABLE II. Measured Branching Fractions for ¥ = pm and ¥ =+ n'Y. many cases.
Decay Mode This Measurement Previous Measurements Figure 17
. 3.8 + 1.3x 1073 a) shows the
BR(Y ~ n'Y) 3.4 + 0.7 % 10'3 2.2 + 1.7x 1073 b) expected
2.4 + 0.7x 1073 ©) low-lying
0.010 + 0.002 ¢©) charmonium
BR(Y > om) 0.0132 * 0.0021 0.012 * 0.003 ) levels with
0.013 + 0.003 ) their asso-
+ 7 0.63 + 0.22 ©) ciated quan-
0_0 £
Tl m)/T(e7m) 0.56 * 0.06 0.59 + 0.17 &) tum numbers.
a)This experiment, as measured in the inclusive Yy distribution. The solid
(See Ref. 15.), lines
Ref. 16, Smef. 17, Dref. 18, *ref. 19.

- 11 -



indicate well established transitions, the y and y' are unambiguously identified
with the vector meson (35) levels. The association of the 3P levels with the ¥
states is fairly certain. Radiative decays to and from these states and hadronic
decays of these states have been observed. However, neither the pseudoscaler
partner of the ¢ or the y' has been established, For the né (the pseudoscaler
partner of the y'), there are two candidates. A state with mass 3.455 GeV has

been observed by the Mark I collaborationZl) in cascade decays of the form

_ —re 2 S ¥'(3684)
oo @ e
PR 3p, x(3550)
YV —t i \ 3p, X (3500)
Voo 3pyx(3415)
A state with mass 3.59 GeV has been ob- \ E \
served at DORIS.22) The Y produced in the \\ | \ .
transition from the y' to the state at nJ283m?l%o_li~£7&— 175 ¥(3099)
3.59 GeV is too low in energy to be ob- (- o+ o2
served by the LA shower counters. How- e , JPe oty
ever, the y produced in the transition Fig. 17. Diagram of the lowest
to the state at 3.455 GeV should be ob- lying charmonium levels and the

associated observed states.
servable in the detector.

An analysis of the reaction

__ 40 T T T
3
LS 5]
v YYT (7)} = _
o Q
e L 20 ~
~
v
Z oL
is presented. The data sample consists o R
j " 5 ity
of approximately 250,000 y' events. (We 0 Lnufeurmonistih e 1
0] 0.2 0.4 0.6

expect to have one million events in the » Myy (Gev)

final data sample.) The ¢ is identified

Fig. 18. yy invariant mass dis-
tribution for events with y2< 15
with two y's and two oppositely charged for the 5-C fit to reaction (7).

by its decay into lepton pairs. Events

tracks with invariant mass between 2.8
and 3.4 GeV are used in the analysis. A 5-C fit is made to reaction (7) for this
sample of events. Figure 18 shows the yy invariant mass for the sample of events
with x2<15. The n° peak is due to the decay ¢' - now. These events are
eliminated by requiring MYY< 0.53 GeV.

One can construct invariant mass combinations of the ¢ with either vy.
Previously observed states have shown up in the high-mass combination (with the
reflection observable in the low-mass combination). Figure 19 shows the high-

mass combination, where peaks associated with the x(3500) and x(3550) are clearly

- 12 -



visible. No significant peaking is seen in the region of the X(3415) or'the
né(3455). Table III shows the number of

observed events for each of these inter-

o

T T T T

o

mediate states (after background sub-

traction) compared to expectations

w

EVENTS/(0.002 Gev)

Fig. 19. High-mass yy invariant mass
distribution for y' cascade decays.

w O

35 340 345 350 355 360
a7 MY‘P (Gev) 3s00A9

based on the measured Mark I branching fractions. (As the efficiency calculations

M

are still preliminary and analysis on the full sample of data will soon be com-
pleted, the branching fractions are not presented.) The number of events ob-

served for each of the three X states is consistent with expectations. However,

TABLE III. Observed Cascade Events Compared to Expected Numbers
Based on Measured Branching Fractions.
Transition Branchinga) Number Number
Ratio Expected Observed
BRLY' +vx(3550) 1 x BR[x (3550)+y ] 0.010 17 20 £ 5
BRLY' +v x(3500) 1 x BR[x(3500)+y ¢] 0.024 64 66 + 9
BROY' +yx(3415)1x BR[x(3415)>y ¢] 0.002 5 33
BR[w'-+yné(3455)]x BR[né(3455)+y'w] 0.008 28 0
a) See Ref. 21.
~——

while 28 events are expected at 3455 MeV, no events above background are observed.
If one takes the six bins around 3455 MeV, the two observed events lead to a 90%
C.L. upper limit of BR[w'-*Yné(3455)]x BR[né(3455)4-Yw] < 1.2x 10_3, compared to

21)

the measured value of (8 t4) ><10_3 from the Mark I. However, one should be

very cautious in interpreting this number. An error on the order of 10 MeV in
mass in either of the two experiments would lead to a significant increase in the

upper limit.
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