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First evidence of AA in x.; decays
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The first observation ofy.; (J=0,1,2) decays to\A is reported using/(2S) data collected with the
Beijing Spectrometer detector at the Beijing Electron Positron Collider. The branching ratios are determined to
be B(xeo—AA)=(4.7"13+1.0)x107%, B(xaa—AA)=(2.6"39+0.6)x10"* and B(xc,—AA)=(3.3" 135
+0.7)X 10 *. The results are compared with model predictions.
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[. INTRODUCTION stead, the next higher Fock stdteolor octet mechanism
(COM)] plays an important rol¢1,2]. Our earlier measure-

It has been shown both in theoretical calculations andnent[2] of the total width of they.q agrees rather well with
experimental measurements that the lowest Fock state expaiite COM expectation. The calculation of the partial width of
sion[color singlet mechanistCSM)] of charmonium states  y.,— pp, by taking into account the COM of. ; decays and
is insufficient to describd>-wave quarkonium decays. In- using a carefully constructed nucleon wave funcfidh ob-

tains results in reasonable agreement with measurer¥gnts
The nucleon wave function was then generalized to other
*Present address: University of Michigan, Ann Arbor, Michigan baryons, and the partial widths of many other baryon-
48109 USA. antibaryon pairs predicted. Among these predictions, the par-
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tial width of y.,— AA is about half of that ofy.,—pp (J  detector material. This is achieved by cutting on the angle
=1,2)[3]. between the neutral cluster and the charged track in the BSC.

The number of photon candidates in an event is not limited.

Both TOF anddE/dx information are used for charged
particle identification. Probabilities of a track producing the
observed particle ID information, assuming the track is a
Ppion, kaon, or proton, arrob,, Probc andProb,, respec-
tively. For the decay channel of interest, the candidate events
are required to satisfy the following selection criteria:

In this paper, we report on an analysis of the* w‘pﬁ
final state produged iy(2S) decays. Evidence for the de-

cays of x.; to AA is observed for the first time. The data
used for this analysis were taken with the Beijing Spectrom
eter detectoBESII) at the Beijing Electron Positron Col-
lider (BEPQ at a center-of-mas&.m. energy correspond-
ing to M, . The data sample corresponds to a total of

about 15 milliony(2S) decays. (1) Each charged track is required to be well fit to a three-
BES is a conventional solenoidal magnet detector that is dimensional helix and be in the polar angle region
described in detail in Ref5]; BESII is the upgraded version |cosfypc|<0.8.

of the BES detectof[6]. A 12-layer vertex chambeivTC) (2) The number of charged tracks is four with net charge
surrounding the beam pipe provides trigger information. A zero.
forty-layer main drift chambe(MDC), located radially out-  (3) The two lower momentum positive and negative charged

side the VTC, provides trajectory and energy lod&/{dx) tracks are assumed to be the and thew~, and the
information for charged tracks over 85% of the total solid  other two tracks are regarded as the proton and the anti-
angle with a momentum resolution — of o, /p proton. Four-constraint kinematic fits to the decay hy-
=0.0178/1+p“ (p in GeV/c) and adE/dx resolution for pothesis are performed with each of the photon candi-
hadron tracks of~-8%. An array of 48 scintillation counters dates, and the one with the smallggtis taken as the
surrounding the MDC measures the time-of-flighOF) of real photon. Thec? probability of the fit is required to be
charged tracks with a resolution 6f200 ps for hadrons. greater than 1%.

Radially outside the TOF system is a 12 radiation length(4) The particle identification assignment of each charged
lead-gas barrel shower count®SC). This measures the en- track must satisfProb_ (for %) or Prob, (for p ora)
ergies of electrons and photons ove80% of the total solid ~0.01 g

angle with an energy resolution afz/E=21%/\E (E in o ) R
GeV). Outside the solenoidal coil, which provides a 0.4 Tesla A four-constraint fit assuming/(2S)— "7~ pp is also
magnetic field over the tracking volume, is an iron flux re-performed to select ¢(2S)—AA and (2S)
turn that is instrumented with three double layers of counters., -+ 3/, 3/ y— pp events for checking the reliability of
that identify muons of momentum greater than 0.5 GBV/  he analysis of.,— A A and to calculate the total number of

A Monte Carlo simulation is used for the determination of g/(ZS) events. The selection criteria used are the same as for
the mass resolution and detection efficiency, as well as th — . L
;— A A except that no photon information is used.

estimation of the background. For the signal channelsX¢
#(29)— yxes, Xes—AA, the angular distribution of the
photon emitted in the/(2S) decay is assumed to be that for

a pure E1 tra_nsitioln. Tha in the y.; c.m. system angl the Figure 1 shows a scatter plot of th;e+3versus ther p
daughter particles in th& c.m. system are generated isotro- invariant mass for events withr 7 p; mass between
pically. A total of 10000 events are generated for €aeh 5 35 Gey2 and 3.60 GeW?. The cluster of events in the
state withA— 7~ p andA— 7" p. qu thg estimation of the lower left corner shows a cleat A signal.

number ofy(2S) events and the estimation of the systematic Selecting events in thg,, mass region and requiring the

+, - . 2
error, Y(25) ~m" m J/y, Jy—pp events are generated, | oo e+ 0770y to be smaller than 1.15 Gebd, the

where thewr ™ 7~ invariant mass is distributed as measured ~" " o - , :
in Ref. [7]. 7 p(7" p) mass distribution shown in Fig. 2 is obtained. A

The simulation of the detector response, including interC!€ar A signal can be seen, and the background below the
actions of secondary particles in the detector material, usesRgak is very small. A ';'t of the mass distribution gives,
GEANT3 based packageiMBES. Reasonable agreement be- = (1114.620.6) MeVic”, in agreement with the world aver-
tween data and Monte Carlo simulation is observed in testing9e[4]: and a mass resolution of (6:3.6) MeV/c*.

IIl. EVENT ANALYSIS

various channels, includingee” —ye*e~ (Bhabha, After requiring that both ther*p and thew~p mass lie
ete  —utu, Jg—pp, and Y(2S)—mta Iy, Iy Within twice the mass resolution around the nomifahass,
ete. the AA invariant mass distribution shown in Fig. 3 is ob-

tained. There are clea.g, Xc1, anchzﬂA/T signals with
low background, estimated using mass side band events.

Il. EVENT SELECTION The highest peak around thg2S) mass is due tay(25)
The analysis uses the same photon selection and chargedA A with a fake photon. o
particle identification(ID) criteria as were used in Reff8]. Figure 4 shows the energy deposited in the BSC of the

When selecting photons it is necessary to remove photorgroton track versus the antiproton track for events selected as
produced by hadronic interactions of charged tracks with thg,.;— A A. Since the antiproton will frequently annihilate in
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events(normalized.
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FIG. 1. Scatter plot ofw*H versus7~ p invariant mass for

+ - . + - .
f:gie(():rt]edyw 7~ pp events with ther™ 7~ pp mass in they.; mass A. Remaining backgrounds
The background from non-A events is estimated from
the detector, much of the energy of the annihilation productshe A mass sidebands as shown in Fig. 3, and this can be
may be detected in the BSC. The scatterplot is consisteRfgscriped in fitting the\ A mass spectrum by a linear back-
with these expectations, indicating the two tracks are really round. The backaround from channels wiit oroduction
the proton and antiproton. 9 - 9 p ,

Figure 5 shows tﬁe distribution of secondary vertices inincluding zp(ZS)—>A/T, P(29)—3030  y(25)—AXO
the xy plane of yAA candidates in they,; mass region +cc., $(2S5)—E°3%+c.c., ¥(25)— YxeysXes— 2030
(error barsg. This distriputipn §hows good agreement Wi@ the yyAK, andy(2S) — 7t Il p— 7 pa is obtained
secondary vertex distribution of selectef(2S)—~AA  py Monte Carlo simulation. By using the branching ratios of
event-s(h|.stogran), but is S|gn|f|far1tly different fr@ the ver- zp(ZS)—>A/T, w(ZS)eEO—EO, and $(28)— 7t 7 Iy
tex distribution of y(2S)— =" 7~ I/, J/y—pp events + = pp measured by previous experimef§, and na-
(star$, where no secondary vertex is expected. This indicates”” 7 PP y previ P '

the events in ther., mass region are rea(A. ively assuming ‘//(25)_’A20+C_-C- and y(25)—~E3°
+c.c. are one order of magnitude smaller tha#2S)

—AA and #(29)—3°5° and y.;—3°3° is about the
40 r 'l same ax.;— A A, we obtain the expected total background
i L A B =Y. S
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FIG. 2. Mass distribution ofrp (7~ p) recoiling against a BSC energy of p (GeV)

A (K) (mass<1.15 GeV) for events in thg.; mass region. Dots o .
with error bars are data and the histogram is the Monte Carlo simu- FIG. 4. Energy deposited in the BSC of the proton and antipro-
lation, normalized to theé\ signal region(two entries per event ton tracks for selecteg.;— A A events.
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FIG. 5. Secondary vertex distributions. Dots with error bars are
for events with their mass in thg,; mass region, the histogram is
for selectedy(2S)— A A events, and the asterisks are for selected FIG. 7. Mass distribution ofyAA candidates fitted with three
Y(2S)— I, I y— paevents. The dots and histogram are resolution smeared Breit-Wigner functions and background, as de-
normalized for greater than 1 c¢cm, and the normalization for thescribed in the text.
asterisks is arbitrary.

AA mass (GeV/c?)

ing the widths of the threg.; states to their world average
o o o “valueg[4], the mass spectrum was fit with three Breit-Wigner
plotted in Fig. 6. The curve in this plot indicates the best fitfunctions folded with Gaussian resolutions and background,
of the background mass spectrum from 3.2 to 3.65 ®&V/  including a linear term representing the nark background

The background from events with more photons is smallerand a component described in the previous subsection repre-

and Monte Carlo simulation 0f(2S) —E°=° indicates that  senting theA A background with the global normalization

its contamination to the signal is negligible. factor floating to take into account possible systematic bias
in the background estimatiaimainly branching ratio uncer-
B. Fit to the mass spectrum taintieg. The unbinned maximum likelihood method was

Fixing the mass resolutions at their Monte Carlo predictecised to fit the events with\ A mass between 3.22 and
values[(12.7+0.9) MeV/c?, (9.4+0.3) MeV/c? and (9.8 3.64 GeVt?, and a likelihood probability of 27% was ob-

+0.4) MeV/c? for and respectively, and fix- ~ tained, indicating a reliable fit. The number of events with
Xcor Xc1 Xc2: p ) . ; L35
errors determined from the fit are 1%%, 9.0°33, and
8.33;71 for xco,» Xxc1 and x.p, respectively. The statistical
significances of the three states are#4.38.50 and 2.6r.
Figure 7 shows the fit result, and the fitted masses are
(3425.6+6.3) MeV/c?, (3508.5-3.9) MeV/c?>  and
(3560.3-4.6) MeV/c? for .o, xc1 @aNdyc,, respectively, in
agreement with the world average valld$ The detection
efficiencies from the Monte Carlo simulation were deter-
mined to bes) ©=(6.07+0.24)%, & =(6.65+0.25)%
and s)"("cg=(6.09t 0.24)%, where the errors come from the
limited statistics of the Monte Carlo samples.

12 T T T T

Entries/5MeV/c?
[o>]
T

IV. NUMBER OF #(2S) EVENTS
ar The number of4(2S) events is determined using(2S)
—a " I, y— pp. There are many advantages in using
oL . P oit R R this channel to determine the number of events:
32 38 M sy f 87 (1) It has the same kind of charged tracks as the channel
of interest, and the momenta in these two channels are
FIG. 6. Invariant mass distribution dfA selected from Monte similar, so that in the branching ratio measurement,
Carlo simulated background events normalized to the total number the systematic bias in tracking, kinematic fit, trigger-
of #(2S) events in the data sample. The curve shows the best fit of ing, particle ID, geometric acceptance of charged
the mass spectrum below 3.65 Ge¥%/ tracks, etc. will cancel out.
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250 [ ' ' ' 7] Using the BES branching ratio fog(2S)— =" 7 J/y

i ] [(32.3£1.4)% [9]] and the PDG branching ratio fal/
] —pp [(2.12-0.10)x10 2 [4]], the number of (2S)
events is obtained

200 |-
[ Data

150 | i
1 N _ N3ypp
_: Y9 B y(28)— I yIBIIY—pp)

Entries/2MeV/c?

100 |

so & ; ~(14.91+0.36+ 1.139 X 10,

n ] where the first error is statistical and the second is system-
3 305 31 3.15 3.2 atic, including the statistical error of the efficiency, the errors
PP mass (GeV/c’) from the two branching ratios used, and the uncertainty due
B to the Monte Carlo simulation of the angular distributions.
2500 f ' ' ' ] It should be noted that the efficiency correction factors
i ] due to the differences between data and Monte Carlo data in
the particle ID, the kinematic fit, tracking, etc. are not con-
sidered, because the same differences exist in )he

] — A A analysis and will cancel in thg.;—AA branching
] ratio measurement.
As a consistency check, one can apply the particle 1D

correction factor (1.0430.011) and kinematic fitting cor-

i ] rection factor (0.9430.010), which are measured in the
500 - ] following sections. One then obtairé,,s = (15.16+ 0.37

[ ] +1.16)x 1P, which agrees with the number af(2S)
1 ] events determined using either inclusive/(2S)

i L 1
3 3.05 31 3.15 32 _ . .
pb mass (GeV/c?) — ot 7~/ or inclusive hadrons.

2000

Monte Carlo

1500

Entries/2MeV/c?

1000 [ .

FIG. 8. Distribution of pp invariant mass of y(25) V. EFFICIENCY CORRECTION AND SYSTEMATIC
—ata”dly,Iy—pp data (top) and Monte Carlo simulation ERRORS

(bottom.
The systematic errors in the branching ratio measure-
(2) Itis easy to select, and the error on the branching ratign€nts come from the efficiencies of the photon ID, particle
is small[(2.12+0.10)x 10" for the world averagk ID, kinematic fitting, low energy photon detection, MDC
[4]. tracking, the branching ratios used, the numberj¢2S)
events, the\ mass cut, etc.

The selection criteria of this channel are the same as for
the y.;— A A analysis, except the photon is not considered. A. Photon ID
The invariant masses of “p and+* p are required to not be The fake photon multiplicity distributions in both data and
in the A mass region to removeé(2S)—AA background. Monte Carlo simulation are checked withy(2S)

Figure 8 shows thep invariant mass distributions of both — @ 7 J/#,J/—pp events. The Monte Carlo simulation
data and Monte Carlo simulation. There is a hugg signal ~ Predicts too many fake photons at very low enefiggs than

on top of very low background. 50 MeV). Using a photon energy cut at 50 MeV or reweight-
ing the Monte Carlo simulation events with the measured
fake photon multiplicity distribution indicates that the Monte
Carlo simulation simulates the data with a precision of 4%.
This will be taken as the systematic error on the photon ID.

The number ofl/ y— pgevents is estimated by subtract-

ing sideband events fcpainvariant mass regions from 3.0
to 3.05 GeVt? and from 3.15 to 3.2 Ge\¢ from the signal

region (pB invariant mass from 3.05 to 3.15 Ge&f),
giving B. Particle ID

Samples of#", =, p, andatracks are selected in
Y(2S)— w7~ I, Il y— pp events by requiring a good ki-
] o ) ) _ nematic fit to this process and good particle identification of
Using the same method, the efficiency is determined usinghe other three charged tracks involved. This allows a mea-

°bs  __ 1806+ 44,

N3/y—pp

Monte Carlo data as surement of the particle ID efficiency, and a correction factor
of 1.043+0.011 to the Monte Carlo efficiency is found for
£=(17.88:0.12%. the channels that we are studying. The error is from the

112001-5
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limited statistics of the samples used and is taken as the TABLE l. Summary of systematic errors and the efficiency cor-
systematic error of the particle ID. rection factors. Efficiency correction factors are only determined for
the particle ID and the kinematic fitting of charged tracks. Since
these correction factors cancel in the branching ratio calculation,
they are not used.

C. Kinematic fit

The bias due to the kinematic fitting is caused by differ

ences between data and Monte Carlo data in the fitted m@ource Xco Xe1 X2
mentum and error matrix of the charged track and differences — 0 ; .
in the measurement of the energy and the direction of th&/IC statistics 4.0% 3.8% 4.0%
neutral track and their uncertainties. The effect is studied fofake photon 4%
charged tracks and neutral tracks separately. Particle ID 1.0430.011
AC-fit (chrg) 0.943+0.010
1. Charged tracks 4C-fit (neud 4.2%
The bias from the kinematic fit of the charged tracks Wa§; hot. eff. _ <i°0/;
checked usingy(2S)— =" 7~ I/, y—pp events. This amma conversion °
. : ngular distr. 10%
channel is very clean and can be selected without the help (ﬁ _
ass resolution 3%

a kinematic fit. By comparing the number of events with and

without a kinematic fit, the efficiencies fqrob,2>1% are Background 10‘;@

measured to be (85.340.92)% and (90.320.24)% for  (2S) number 8.0%

data and Monte Carlo simulation, respectively. This results irP(A ~7 P) 1.6%

a correction factor for the Monte Carlo simulation efficiency BL#(25)— yxcJ] 9.2% 8.3% 8.8%
of 0.943+0.010 for this specific channel. Total systematic error 22% 21% 22%

2. Neutral tracks pared to the quoted systematic error for the photon efficien-

The effect of neutral track measurement is studied usingies.

PW(2S)— YXc1r1Xci— w*w‘paevents. A careful calibration
of the neutral cluster information in the BS@cluding the E. Other systematic errors
energy and direction measurement and their ernoes per-

) L The angular distributions of the photon accompanying the
formed using radiative Bhabha events from the saf(2S)

. : G <38 and the angular distributions of teor Kdecays may
data set. By applying this calibration to both data and I\/lom(_:?(ause a systematic error at the 10% level. This is determined

Carlo simulation, the relative changes in the branching ratio y comparing different theoretical models for the angular

of xcy— "o~ pp are measured to be 1.1%, 1.9% and 4.2%gistriputions. The uncertainty in the angular distribution of

for Xco, Xc1 @nd xcp, respectively. No corrections to the {he proton ind/y decays results in a 4% error in the deter-
efficiencies are made; the largest differertde2% is taken  ination of the number of(2S) events.

as the systematic error in the measurement of neutral tracks. The Monte Carlo simulated mass resolution may have a

bias at the 10% level. This is determined from the compari-
D. Photon detection efficiency son of A andJ/ signals in various channels involved in this
. o . . analysis. Changing the mass resolutions used in fitting the
The low energy photon detection efficiency is stud|edX mass plot produces small changes in the number of
ith (2S) =7+ I, Jy—m* 7 ° events produced ey - : :
with (28)— 7" Ilep, Jp— =" m o events produced gyents; the maximum change in the three cases is around 3%.
in the same data sample used for fhg analysis. We assume Thjs js taken as the systematic error due to the mass resolu-
the lower momentum positive and negative charged trackggp, uncertainty.
are ther" and =~ from (2S) decays, and the largest en-  The packground estimation, including the uncertainties in
ergy neutral cluster is a phot(gn from th_@ decay. ASsSuming  the pranching ratios used, the uncertainties in the simulation
the second photon from the™ decays is missing, we do @ of the contamination probability, the parametrization of the
come fromy(2S) decays and the two photons formm.  yncertainty at the 10% level. The systematic errors on the

The fitted four-momentum of the second photon is taken as Branching ratios used, liké[ ¢(2S)— =" 7~ J/y], B[/
test beam into the detector and used to determine the detec- — - ;
tion efficiency. A total of 2901 photons are selected for the%ﬁ]pz)’thgﬁ(xzpse’)rﬁgﬁ%i g?nd B(A—m"p) are obtained
efficiency study. The same analysis is performed with Monte =
Carlo events, and agreement between data and Monte Carlo
data is observed at a precision of 8% for the photons accom-
panying xco, Xc1 and x¢o- Table | lists the systematic errors from all sources, as well
For converted photons, no specific study was performeas the correction factors to the Monte Carlo efficiency for
since this occurs for only a very small fraction of the eventsparticle ID and the kinematic fitting of charged tracks. Since
(less than 1% and the difference between data and Montethese two correction factors cancel out in the calculation of
Carlo simulation should be even smaller and negligible combranching ratios, there are no corrections to the efficiencies

F. Total systematic error
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TABLE Il. Summary of numbers used in the branching ratio calculation and branching ratio résylts.
defined in the text, is the relative branching ratioxgf— A A to that of y(2S)—«* 7~ I/ .

quantity Xco Xc1 Xc2

nobs 15.2°43 9.0°3% 8.337

e (%) 6.07£0.24 6.65-0.25 6.09:0.24

Ny(25)(10°) 14.9+1.2

B(A— 7 p) [4] 0.639+0.005

Bl4(2S)— yxes] (%) [4] 8.7+0.8 8.4-0.7 6.8-0.6

B(xey—AA)(107%) 47°13+1.0 2.639+0.6 3.313+07

n%% 1826+ 44

et naiy (%) 17.88+0.12

Rs(107%) 24588+ 0.46 1.33§35+0.25 1.33032+0.25
determined by Monte Carlo simulation for theg, x.1 and What we actually measure in this analysis is the relative
Xc2 branching ratios, and their errors are not considered imranching ratio ofXC0—>AX to Y(2S)— w7 Il The
the summation. relative branching ratio is found with the following formula:

VI. RESULTS AND DISCUSSIONS Ry— BL(2S) = yxcal - Bxes—~AA) - BAA— 7 p)?

e 2S)— 7w Il ] B p—pp)
The branching ratios of.;— A A can be calculated with Bly(2S)—m"m Jy]- B y—pp)

nob3/8

B(xey—AN) n*h¥e = b :
Xci—™ = — . n_+ _ Epta—
‘ N 29 BL(2S)— yxes BAA— 7 p)? Al i

Using numbers from above, one gets

These results are also shown in Table II.

e VIl. SUMMARY
B(xco—AA)=(4.713+:1.0 X104, .
AA events are observed for the first time yg; decays
B(xei—AA)=(2.6"10+0.6)x 1074, using the BESII 15 millions(2S) event sample, and corre-
et )= (260 ) sponding branching ratios are determined. The resulig.pn

B(,\/czﬂAK)=(3.3f}j§i0.7)><10‘4, and y., decays only agree marginally with model predic-

tions.
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