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J

Hadronic decays of thB-wave spin-triplet charmonium statgs;(J=0,1,2) are studied using a sample of
#(2S) decays collected by the BES detector operating at the BEPC storage ring. Branching fractions for the
decaysxe1— KK 7~ +c.c., xo—KKE, xea— KK, Xco— b, Xeo— b and y;—K K K'K™ are
measured for the first time, and those fay— 7 7 7 7, xey— 7 7 KTK™, xey— a7 pp and x.;
—3(w*"7~) are measured with improved precision. In addition, we determine the masses)qf, thed 7,
to beMXCo=3414.1t 0.6(staty-0.8(syst) MeV anavi 7, = 2975.8¢ 3.9(staty: 1.2(syst) MeV.
[S0556-282(99)01119-4

PACS numbd(s): 13.25.Gv, 14.40.Gx

[. INTRODUCTION of the photon from the/(2S)— yx.; process was not re-
quired, and one-constraint kinematic fits were used to recon-

The P-wave spin-triplet charmonium states were origi- struct the final states. ) i

nally observed1] in radiative decays of thes(2S) soon Recently there has been renewed interest inRheave

after the discovery of thel/y and #(2S) resonances. A charmonium states. Sl'nce in Iovygst—prder per.turbatlv.e QCD

number of decay modes of these states have been obser\)&_?Xco andy., decay via the annihilation of their constituent

and branching fractions reportd¢@]. Most of the existing cc quarks into two gluons, followed by the hadronization of

results are from the Mark | experiment, which had a datahe gluons into light mesons and baryons, these decays are

sample of 0.3% 10° (2S) decayq3]. Because the photon expected to be similar to those of a bouygl state; detailed

capabilities of the Mark | detector were limited, the detectionknowledge of the hadronic decays of tlg, and y., may
provide an understanding of the decay patterns of glueball
states that will help in their identification.

*Deceased. The mass differences between the thygestates provide
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information on the spin-orbit and tensor interactions in non-

[~
S 08f
relativistic potential models and lattice QCD calculations. g o6 b
The masses of thg.; and y., have been precisely deter- iy 0'4 i
mined(to a level of~+0.12 MeV) by Fermilab experiment 0‘
. . . — .2
E760 [4] using the line shape measured in thp— xc1 . 1
formation reaction. In contrast, the., mass is much more 0 1 2 3 4 5
poorly known; the Particle Data Grou?DG) average for Photon number
M., has an uncertainty o£ 2.8 MeV[2]. FIG. 1. The distribution of the number of photon candidates

In this paper, we report the analyses of all-charged-trackound in (2S)— 7+ 7~ 7" 7~ and(2S)— "7~ KTK™ events.
final states from y.; decays, includingw 7 7" 7",
mta KYK™, ata pp, KTK'K'K™, K&K*7 +cc. identify muons of momentum greater than 0.5 GeV/c.
and 3@ 7). The results fory., decays intow" 7",

s 2
KK _ andpp h:_:lve been report_ed (_alsewhéﬁé. We use the Il MONTE CARLO SIMULATIONS

combined invariant mass distribution from all of the chan-

nels under study to determine thg, mass with improved We use Monte Carlo simulated events to determine the
precision. detection efficiency £) and the mass resolutiorrfes) for

A by-product of this analysis is a determination of the each channel analyzed. The Monte C4NtC) program gen-
mass of thezn.. This is of interest because tiv;,—M erates events of the typg 2S) — yx.; under the assumption

mass difference measures the strength of the hyperfine spliat these processes are pé transitions3,11]: the pho-
ting term in heavy quark interactions. However, in spite of alon polar angle distributions are +c0$6 (o), 1
number of measurements, the current experimental value of €050 (xc1) and 1+ 15c086 (xc). Multihadronic,; de-

M, remains ambiguous: the PD[@] average is based on a Cays are simulated using phase space distributions. For each
e hannel, either 10000 or 5000 events are generated, depend-

fit to seven measurements with poor internal consistenc i
[6—8] and the confidence level of the fit is only 0.001. A ng on the numbe_rs of events for the corresponding mode
that are observed in the data sample.

recent measurement from E788)] disagrees with the value
reported by the DM2 group7] by almost four standard de-

viations. Additional measurements may help clarify the situ- IV. EVENT SELECTION
ation.
The data used for the analysis reported here were taken A. Photon identification

with the BES detector at the Beijing Electron-Position Col- A neutral cluster is considered to be a photon candidate
lider (BEPQ at a center-of-mass energy corresponding toyhen the angle in they plane between the nearest charged
Mys) - The data sample corresponds to a total of (3.7Srack and the cluster is greater than 15°, the first hit is in the
+0.31)x10° ¢(2S) decays, as determined from the ob- peginning 6 radiation lengths, and the difference between the
served number of inclusive(2S)— 7" 7~ J/¢ decayd9].  angle of the cluster development direction in the BSC and
the photon emission direction is less than 37°. When these
selection criteria are applied to kinematically selected
Il. BES DETECTOR samples of ¢Y(2S)—w wm atm and (29
—at7 KYK™ events, fewer than 20% of the events have

BES is a conventional solenoidal magnet detector that is . R o
described in detail in Ref{10]. A four-la?yer central drift Y candidates, which indicates that the fake-photon rejection

chamben(CDC) surrounding the beam pipe provides trigger"".b'“ty IS adequate{sge .F'g' L The number of photon can- .
information. A 40-layer cylindrical main drift chamber gg:tﬁt;]n tﬁg Ieé;/rer;;selrl]rglrted (;Z 4ogirt IiiSfHengg}gt?rg;;gd;s
(MDC), located radially outside the CDC, provides trajectorythe hoton radia?ed frorm(2gé) arlljd used in a four-constraint
and energy lossdE/dx) information for charged tracks over i P tic fit to the hvpothesig(2S + ch d track

85% of the total solid angle. The momentum resolution isknematic fit to the hypothesig(2S)— y+ charged tracks.
0,/p=0.0111+ p? (p in GeV/c), and thed E/dx resolu-
tion for hadron tracks is-11%. An array of 48 scintillation
counterdwith inner radius of 1.157 m and outer radius 1.207 Each charged track is required to be well fit to a three-
m) surrounding the MDC measures the time of flighOF) dimensional helix and be in the polar angle region
of charged tracks with a resolution 6f450 ps for hadrons. |cos6éypc|<0.8. For each track, the time of flighitOF) and
Radially outside of the TOF system is a 12 radiation lengthd E/dx measurements are used to calculgtevalues and the
thick, lead-gas barrel shower count&SC) operating in the corresponding confidence levels to the hypotheses that the
limited streamer mode. This device covers80% of the particle is a pion, kaon and proton (ProlProly ,Prok,).

total solid angle and measures the energies of electrons arthe reliability of the confidence level assignments is verified
photons with an energy resolution @t /E=22%//E (E in using a sample ofy(2S)— 7" 7~ I, I y—pm and I/
GeV). Outside the BSC is a solenoid, which provides a 0.4 T—K*K ™~ events, where the particle identification confidence
magnetic field over the tracking volume. An iron flux return levels (ProblD) of the tracks in different momentum ranges

is instrumented with three double layers of counters thatre found to be distributed uniformly between zero and one

B. Charged particle identification
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FIG. 2. A scatterplot ofr™ 7~ vs ="« invariant masses for Fl?ﬁ 4. Th_e::] . KIth |r]1c_\:a:jrlant_t:nzs_s :jhlstrtlbuttlon. The
selectedyn" 7~ 7t 7~ events(two entries per event smooth curve IS the result of a hit described in the text

as expected12]. Typically the ProbID value of each track Kw*w‘ m+ ™ and the different particle assignments for the
floO;a_ given detl:ay hypothesis is required to be greater thayw*w*K*K* final states. This combined probability,
0 In our analysis. Proky, , is defined as

C. Event selection criteria

— 2
For all decay channels, the candidate events are required Proby = Proll x3 ,ndfy), (1)
to satisfy the following selection criteria:

(1) The number of charged tracks is required to be 4 or 6 . )
with net charge zero. where xg;, is the sum of they” values from the four-

(2) The maximum number of neutral clusters in an eventconstraint kinematic fit and those from each of the four par-
is 8, and the number of photon candidates remaining after théicle identification assignments, and ggis the correspond-
application of the photon selection is required to be 4 or lessing total number of degrees of the freedom used in the

(3) The sum of the momenta of the lowest momentmin  determinations. The particle assignment with the largest
and 7~ tracks is required to be greater than 550 MeV; thisProh, is selected, and further cuts on the kinematic fit prob-
removes contamination from(2S)— " 7~ J/¢ events. ability and particle identification probability are imposed.

(4) The X2 probability for a four-constraint kinematic fit Figure 2 shows a scatterplot of* 7~ vs 7 7~ invariant

to the decay hypothesis is greater than 0.01. masses for events witha' 7=~ 7" 7~ mass between 3.2 and
(5) The particle identification assignment of each charged3 6 GeV. The cluster of events in the lower left-hand corner

track is ProbID>0.01. indicates the presence ofkK? signal. A fit of a Gaussian
. s ST )
1 ymtmatae and yatmoKEK- function to thew™ 7~ mass distribution gives a peak mass at

499.3+1.2 MeV and a widthc=11.8+-1.0 MeV that is

A combined probability of the four-constraint kinematic consistent with the MC expectation for the mass resolution.
fit and particle identification information is used to separate

-~
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FIG. 3. The #" 7w «*#~ invariant mass distribution. The FIG. 5. Thek 2K 2 invariant mass distribution. The smooth curve
smooth curve is the result of a fit described in the text. is the result of a fit described in the text.
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TABLE I. Fit results foryg;—# 7 7t 7,777 K*K™ and

K2K2 decays.

PHYSICAL REVIEW D 60 072001

TABLE II. Fit results for y.,— " 7 pp decays.

Channel nobs e (%) Ores (MeV)
Channel nobs e (%) Tres (MeV)

Xco 81+10 14.62 13.9
Xeo— 7 moawta 874+ 30 16.06 15.1 Ye1 27.1+6.9 16.72 14.3
Xa—m 7 ata” 277+19 17.06 15.6 Yoz 50.9+8.1 13.98 13.0
Xeo— 7w ataT 425+ 21 15.09 13.4

KK 49.3+7.0 15.16 10.9 - - : : .

XCO:KSKS 11.7+3.2 13.92 9.4 probabilities to the remaining particle assignment using the
Xc2—KsKs =3 ' ' same technique that was used fof 7~ K"K~ decays; the
Xeo— 7 m KYK™ 587+27 11.32 14.4 combination wiih the highest probability is selected.
Xei— 7 m KYK™ 192+ 16 12.91 15.3 The 7t 7~ pp invariant mass distribution for the selected
Xeo— T m KTK™ 267+18 11.42 15.1 events is shown in Fig. 6. Here clear signals for all thyge

states are apparent. We fit the mass spectrum using the same
method described in the previous section; the results are

We selectyK K candidates by requiring the mass of both i Taple 11 and shown as the smooth curve in Fig. 6.

77~ combinations in the event to be withih2¢ of the
nominalK2 mass.

The invariant mass distributions for the™ 7~ 7" 7,
mtm KK~ andK2K2 events that survive all the selection ~ For the case where all the tracks are kaons, the contami-
requirements are shown in Figs. 3, 4 and 5. There are peaktion from# "7~ J/y is not an important background, and
corresponding to thg.; states in each of the plofslhe high ~ the requirement on the total momentum of the lowest mo-
mass peaks in Figs. 3 and 4 correspond togt2S) decays mentum 7% and 7~ tracks, which is aimed at removing
to all charged tracks final states that are kinematically fithese events, is not used. K "K~K"K™ event is selected
with a fake low-energy photoh. by requiring ProR>0.01 for each charged track in the event.

We fitther* 7 7o, mt7m KK~ ork2K2invariant ~ The K"K™K"K™ invariant mass distribution is shown in
mass distribution between 3.20 and 3.65 GeV with thredid. 7.

Breit-Wigner resonances convoluted with Gaussian mass Figure 8 shows a scatterplot Kf' K~ vs K"K ™ invariant
resolution functions and a linear background shape using aasses for the events with" K"K "K™ mass between 3.2
unbinned maximum likelihood method. In the fit, the massand 3.6 GeV. The concentration of events in the lower left-
resolutions are fixed to their MC-determined values and théand corner of the plot indicates the presencepdf final
widths of the y; and x., are fixed to the PDG average States. A fitto theK * K~ mass distribution with a Gaussian
values of of 0.88 and 2.00 Mej2], respectively. The results function gives a peak mass of 1021.0.8 MeV and a width

of the fit are listed in Table | and shown in Figs. 3, 4 and 5.0=5.3=0.6 MeV, consistent with MC expectations. Events
Table | also lists the MC-determined efficiencies and masavhere the masses of twi§ "K~ combinations are in the
resolutions. range 0.99Mg+x-<1.05 GeV are identified ag¢ ¢ can-
didates. Thep¢ mass distribution for these events is shown
in Fig. 9, where there are clear signals for thg and x.».

TheK"K~K"K™ mass andp¢ mass plots are fitted with
three Breit-Wigner resonances and two Breit-Wigner reso-

3. yKYK K*K™

2. yfr+11_pa
If one of the four tracks is identified as a proton or anti-
proton, the event is assumed to per™ 7 pp. We assign

30

3

Entries/10MeV/c?
&
T

8
T
Entries/10MeV/c?

i J_I‘Hu OO
1
33

L

3.6 3.7
GeV/ic?

H 1
3.4 35

34

03.2

=
3.7

3.6 A
GeV/ic?

FIG. 7. The K"K K*K™ invariant mass distribution. The
smooth curve is the result of a fit described in the text.

FIG. 6. Ther* 7~ pFinvariant mass distribution. The smooth
curve is the result of a fit described in the text.
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S 25 TABLE lII. Fit results for y.;—K*K"K*K™ and ¢¢ decays.
> I
)
7 Channel n°®s & (%) (PSkpd) 0es (MeV)
«Q
E oL Yeo— K K K*K~ 57.8£6.9 7.38/10.06 15.4
i I Xeaa— K KK K™ 11.7+4.2 8.52/no 15.2
Xeo—KTK"K*K™ 36.6+5.9 7.64/9.76 14.7
P Xco— ¢ 7.6+2.8 9.78 8.9
LS Xeo— b 13.6+3.7 9.54 10.8
1 [ & are assigned a pion mass. The combination with mass closest
T e 0 Mo is considered to be K¢ candidate. vertex is
- = L S toM dered to be K2 candidate. Th&? vert
' K'K mass(GeV). defined as the point of closest approach of these two tracks;

- B the primary vertex is defined as the point of closest approach
FIG. 8. A scatterplot oK "K ™ vs K"K~ masses from selected of the other two charged tracks in the event. Two parameters

Kt — :
YKTKTKTK™ events(two entries per eveft are used to identify th&2: the distance between primary

nances, respectively, as described previously. The results gF rt-ex a?dh secor;dz;ry verteme thy plane, Ly, and t:e
the fit are listed in Table Ill and are shown as smooth curve£0Sine of the angle between thg momentum vector and its

in Figs. 7 and 9. vertex directionCSKS which is expected to be very near
Because of the large fraction of¢ intermediate events unity for a realk§ event.
observed in th&K "K~ K"K~ mode and the significant dif- CandidateyK 2K * 7~ + c.c. events are selected by requir-

ference between the detection efficiency for phase-spadeg the mass of thda(g candidate determined from the track
events and those coming froghg decays, the detection ef- four-vectors returned by the 4C-fit to be within2¢ (i.e.
ficiency for the xco and xc,—~K"K“K"K™ channels is a =28 MeV) of the nominak® massNKSHORT=1, L,,
weighted average of the phase space égdefficiency. The  ~5 mm, andCSKS>0.98. In the invariant mass distribu-
detection efficiencies and mass resolutions are listed in Tablgyn of the selected events, shown in Fig. 10, onlywa
. signal is prominent. The MC simulation indicates that the
numbers of events in the the,, and y., mass region are
consistent with residual backgrounds fropar* 7~ ot 7,
The xc;—K2K "7~ +c.c. decay channels have serious yK2K2 and y7* 7 KK~ final states. We set upper limits
potential backgrounds fromyw"# 7 a#~ (including on the branching fractions of., and yc,.
yKIKY) and y# "7 KK~ final states. To eliminate these ~ The K2K ™ 7~ +c.c. invariant mass distributions between
backgrounds, we exploit the feature that there is one an8.20 and 3.65 GeV are fitted with the procedure described
only one K2 with a secondary vertex in redk2K "7~  above. The mass resolutions are fixed at their MC-
+c.c. events. determined values; the width of thg, is fixed at the recent
In each event, we determin¢K SHORT the number of BES value of 14.3 MeV\[5] and those of they; and x, at
two charged track combinations with net charge zero andheir PDG valueg2]. The masses of the threg states are
effective mass within=200 MeV of Mo, when the tracks

4. yKK*m~ +c.c.

10

Entries/10MeV/c?
Entries/10MeV/c?

L el Al

3.2 3.3 34 35 3.6 3.7 3.2 3.4 3.6
GeV/ic? GeV/ic?

FIG. 9. The¢¢ invariant mass distribution. The smooth curve FIG. 10. ThngK*n-’+c.c. invariant mass distribution. The
is the result of a fit described in the text. smooth curve is the result of a fit described in the text.
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TABLE IV. Fit results for y.;—K2K "7~ +c.c. decays. The TABLE V. Fit results fory.;—3(7*7~) decays.

upper limits are 90% confidence level values.

Channel nobs e (%) Ores (MeV)
Channel nebs e (%) Tres (MeV)

Xeo 191+ 16 4.62 15.8
Xeo <85 4.94 10.3 Ye1 98+12 5.20 15.0
Xet 31.4+5.6 5.64 14.2 Yeo 112+ 12 4.23 14.7
Xea <10.6 4.93 14.7

A. Systematic errors

also fixed at their PDG2] values. The fit results are listed in ~ Systematic errors common to all modes include the uncer-

#(2S)— yx; branching fractiong8.6%, 9.2% and 10.3%
5. y3(ata) for xco, xc1 @ndyxco, respectively. Other sources of system-

atic errors were considered. The variation of our results for

After the selections based on the kinematic fit and particledifferent choices of the selection criteria range from 10% for
ID, the main background to the.;—3(w"7~) decays high statistics channels to 25% for those with low statistics.
comes from the decay chainy(2S)—a*w J/,dlyy  The systematic errors due to the statistical precision of the
—ym " m @ 7. The requirement on the total momentum MC event samples range from 2% to 5% depending on the
of the lowest momentumr®™ and 7+~ tracks removes one- detection efficiencies of the channels. Changes in the detec-
third of the MC-simulated events while rejecting almost all tion efficiency when the phase space event generator is re-
the =" 7~ J/y background. placed by one using possible intermediate resonant states
The 3(=* #) invariant mass distribution for the selected indicate that the systematic error on the efﬁmenpy due to the
events is shown in Fig. 11, where prominent signals for alinknown dynamics of the decay processes is 15%. The
‘ﬁjarlatlon of the numbers of observed events due to shifts of

three y.; states can be seen. The smooth curve in the figur luti d the total widths of tates |
is the result of the fitting procedure described above. Th e.mass resolutions and the total widins o Mg states is
%; that coming from changes in the shape used for the

resu:tst. of the f;t tar(ljd. th_l(_e tl)\flC;;jetermmed efficiencies andbackground function is less than 5%. The total systematic
resolutions are listed in Table V. error is taken as the quadrature sum of the individual errors

and ranges from 25% to 35%, depending on the channel.
V. BRANCHING FRACTION DETERMINATION
B. Branching fraction results

We determine branching fractions from the relation The branching fraction results are listed in Table VI,
where all BES results fog.; branching fractions are given,
n°®Ye(xey—X) including those for the two-charged-track modes reported in
B(xci—X)= , 2 i i i isti
(Xca—X) N o9 B2S) = 7Xe0) (2)  Ref.[5]. In each case, the first error listed is statistical and

the second is systematic. For comparison, we also provide
the previous world averages for those channels when they
exist[2].

Our branching fractions fOD(C1—>KgK+W7+C.C., Xco
—KKS, xco—KKE, Xeo—dh, xeo— b and xcs

where the values foBB(#(2S)— yx.j) are taken from the
PDG tables[2]. For theK2K2 [#¢] channel, a factor of
B(KE— 7" 77)? [B(¢—K'K™)?] is included in the de-

nominator. —K"K"K*K™ (J=0,1,2) are the first reported measure-
ments for these decays. The results f@5 and y.,— K22
%’) are in agreement with the isospin prediction of thg de-
g_ cays compared with the correspondiig K~ branching ra-
@ tios.
§ For the other decay modes analyzed in this paper, signals

with large statistics are observed and the corresponding
branching fractions are determined with precisions that are
significantly better than those of existing measuremgsits
Note that our results on two charged tracks decayg.9fire

in agreement with previous measurements by DASH or
E760 and R70414] within errors, but are consistently lower
than the measurements of Mark |, sometimes by as much as
a factor of 2 or more.

VI. DETERMINATION OF M, "AND M,

FIG. 11. The 3¢* ") invariant mass distribution. The smooth ~ We determineM, by fitting the combined invariant
curve is the result of a fit described in the text. mass distribution of all of the channels discussed above to
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TABLE VI. The x.; hadronic decay branching fractions, determined uditfg(2S)— yxco0)=(9.3
+0.8)%, B((2S)— yxc1)=(8.70.8)% andB(y(2S)— yxc2)=(7.80.8)%. The results of the modes

with two charged tracks are taken from RES].

Channel nebs Branching ratio World average?]

Xeo— T A 720+32 (4.68+0.26+0.65)x 10 2 (7.5+2.1)x 102

Xea— T A 185+ 16 (1.490.14+0.22)x 1073 (1.9+1.0)x 103

Xeo— K K™ 774+38 (5.68-0.35+0.85)x 102 (7.1£2.4)x 103

Xer— KK~ 115+ 13 (0.79-0.14+0.13)x 103 (1.5£1.1)x 103

Xeo— PP 15.2+4.1 (15.9-4.3+5.3)x 107 ° <9.0x1074

Xe1— PP 4.2+2.2 (4.2-2.2+2.8)x10°° (8.6£1.2)x10°°

Yea— PP 4.7+25 (5.8-3.1+3.2)x10°° (10.0=1.0)x10°°

Xeo— 7 am wt 874+30 (15.4-0.5+3.7)x 102 (3.7+0.7)x10°?

Xei—m mwt e 277+19 (4.950.4+1.2)x10° 3 (1.6:0.5)x 1072

Xeo—m m mwt T 425+21 (9.6+0.5-2.4)x10°3 (2.2+0.5)x 102

Xeo— KK 49.3+7.0 (1.96-0.28+0.52)x 103

Xea— KK 11.7+3.2 (0.610.17+£0.16)x 1072

Xeo— 7 T KTK™ 587+27 (14.7:0.7+3.8)x10° 8 (3.0+0.7)x10°?

Xei— 7w KTK™ 192+ 16 (4.5-0.4+1.1)x 1073 (9+4)x10°3

Xeo—m T KYK™ 267+18 (7.9-0.6-2.1)x10°3 (1.9+0.5)x 10 2

Yeo— 7 T PP 81+11 (1.57+0.21+0.54)x 10" 3 (5.0+2.0)x10°3

Yer— 7t pp 27.1+6.9 (0.49-0.13+0.17)x 10" 3 (1.4+0.9)x10°3

Yo T PP 50.9+8.1 (1.23-0.20+0.35)x 103 (3.3+1.3)x10°3

Xeo— KTKTKTK™ 57.8+6.9 (2.14-0.26+0.40)x 102

Xe1i— KTKTKYK™ 11.7+4.2 (0.42-0.15+0.12)x 103

Xeo— KTKTKTK™ 36.6+5.9 (1.48-0.26+0.32)x 103

Xeo— b 7.6£2.8 (0.92-0.34+0.38)x 103

Xea— b 13.6+3.7 (2.00-0.55+0.61)x 103

Xeo— KX 7~ +c.c. <85 <0.71x10°3

Xa— KX 7 +c.c. 31.4+5.6 (2.465 0.44+ 0.65)xX 1072

Xeo— KK m~+c.c. <10.6 <1.06x10°3

Xco—3(mwt @) 191+ 16 (11.71.0+2.3)x 103 (1.5+0.5)x 10?2

Xe1—3(mwta7) 98+12 (5.8:0.7+1.2)x 103 (2.2+0.8)x10°?
—3(mt ) 112+12 (9.051.0+2.0)x10° 3 (1.2+0.8)x 102

Xc2

three resolution-broadened Breit-Wigner functions with thngKm-,wrC_C_ channels in the region of the., where an
resolution fixed at the value of 13.8 MeV, which is deter- 5 signal is evident. Superimposed on the plot is a fit to the

mined from fits to they.; andy,, and the total widths of the
Xc1 and ., fixed at the PDG valueR2]. The masses of all
threey; states and the total width of the,, are left as free
parameters. The results of the fit foM, (3509.4
+0.9 MeV) andMXC2 (3556.4-0.7 MeV) agree with the
PDG values (3510.580.12 MeV
+0.13 MeV foryx.; andy., respectively within errors. The
fit value for cho is 3414.1-0.6 MeV, where the error is
statistical. The fit gives a total width for the,, that is in
good agreement with the recently reported BES rd&lt

for the w7 o w7, 77 KTK™, KTK"KTK™, and

and

3556.17

spectrum using a resolution-smeared Breit-Wigner line shape
with a mass that is allowed to vary, a total width fixed at the
PDG value ofl", =13.2 MeV[2], and a fourth-order poly-
nomial background function. The fit gives a total of 63.5
+14.4 events in the peak and hag@Npg=97.4/92, which
corresponds to a confidence level of 27.9%. The mass value
from the fit is MX” =2975.8£3.9 MeV, where the error is

statistical.(A fit with only the background function and no
7. has a confidence level of 0.80%.

The systematic error on the mass determination includes a
Figure 12 shows the combined invariant mass distributiorpossible uncertainty in the overall mass scat€d(8 MeV),

072001-7

which is determined from the rms average of the differences
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VT T T +2.8 MeV [2]. Our result forM, agrees with the DM2

group’s value of 297441.9 MeV [7] and is 2.4 standard
deviations below the E760 group’s result of
2988.3 33 MeV [6].

VII. SUMMARY

Events of the types(2S)— yx¢; in a 3.79<10° (29)
event sample are used to determine branching fractions for
Xy decays to four and six charged particle final states. Our
results forkK2K "7~ +c.c., KK2, ¢¢, and K 'K KK~
are the first measurements for these decays. The branching

NN R fractions foryg— 7" m o 7w, ata KTK™, # 7 pp,
2~§|°(h +h_h3fg_) (Geﬁj;‘) 320 and 3@ " 7 ) final states are measured with better precision
and found to be consistently lower than previous measure-

FIG. 12. The four charged track invariant mass distribution forments.MXCO and M 7, Were determined using the same data
selected events in thg, mass region. The superimposed curve is sample.
the result of the fit described in the text.

Events/10 MeV

0
2.80
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