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INTRODUCTION 2500 ————T——T— ; ;

Transitions of the type/(2S)— XJ/¢ comprise a large
fraction of the totalky(2S) decay width. They include exclu-
sive decays wher&X=7, #°, andm, as well as the cas-
cade processes(2S) — vxconz: Xconz— ¥I/ . The inclu-
sive branching fraction is measured to H&(4(2S)
—anythingJ/ )= (57.6+ 2.0)%; the contributions from the 21500

2000

%)

>

individual sub-processes are less precisely knpin 2
These branching fractions are important in understandingl—z
the hadronic decay dynamics of vector charmoffz3], 2

. : ; : . o 1000
since the inclusive hadronic decay branching fraction is cal-

culated by subtracting them from unity. Present branching
fractions may indicate a possible excess of #{@S) had-
ronic decay rate relative to the “12% rule” prediction from 500
JI decays.

Recently the BES experiment reported new measurement

Eve

with improved precision foB((2S)— w2/ ), B((2S) 0 L [T W il

—ndly), and B((2S) — yxco2)B(Xconz— ¥/ ) using 25 27 29 3.1 3.3 35 37
the decays (2S)— yyd/,dly—€ €~ (where £*¢~ m. (GeVic)

=u*u” ore*e”) [4]. Previous measurements are few and .

date back to the 1970s and 1988s-9]. More precise mea- FIG. 1. Distribution of dimuon invariant mass,,, , for events
surements are needed. that pass the/#— u* u~ kinematic fit. Dots with error bars are

In this paper, we report the results of a different techniquedata. Also shown is the fisolid histogram to the distribution with
for measuring branching fractions for the inclusive decaysignal (long dashed histogramand backgroundshort dashed his-
#(2S)—anythingJ/ ¢, and the exclusive processes for thetogram shapes.
cases wherX =z andX=mm. We reconstrucic* u~ pairs
and determine the number @f(2S)— XJ/¢ events in our
data sample from thé/y—u* u~ peak in theu* u™ in-
variant mass distributiofsee Fig. 1 The exclusive branch-

system is a 12 radiation length lead-gas barrel shower
counter(BSC), operating in self-quenching streamer mode,

. . ; ) R that measures the positions and energies of electrons and
ing fractions are determined from fits to the distribution of photons over 80% of the total solid angle. The energy reso-

masses recoiling from th# ¢ with Monte Carlo determined . _ . .
distributions for each individual channel. We distinguish the!Utlon is g /E=22%/\E (E in GeV). Surrounding the BSC

7 and 7°7° contributions from simultaneous fits to 'S & solenoid magnet that provides a 0.4 T magnetic field in
event samples with and without accompanying charged paF—he central tra_cking region of t_he detector. Three double lay-
ticles. To avoid a number of systematic errors, the channel€S Of proportional chambers instrument the magnet flux re-
of interest are normalized to the observed number ofurn(MUID) and are used to identify muons with momentum
w7l events; we report the ratios of the studied branch-greater than 0.5 Ge¢/

ing fractions to that foB((2S)— " 7~ /). This analy- Monte Carlo simulations are used to determine the effi-
sis is based on a Samp|e of approximatewme w(ZS) ciencies and the eXpeCted recoil mass distributions for the
events obtained with the Beijing Spectrometer detectovarious processes involved, including/(2S)— yxc12,
(BES) [10] at the Beijing Electron-Positron Collider #(2S)— mwmd/y, andy(2S)— ndl with I/ yp—u* pn™, as

(BEPO. well as the background processese —yutu~, ete”
—(29), Y29 —(y)u'p , e'e =2y —uue'e”
Il. BESI DETECTOR AND MONTE CARLO SIMULATIONS (w"p~p"u7). In each decay, angular distributions are

) ) . generated according to the expectations for that process. The

‘The Beijing Spectrometer, BESI, is a conventional cylin-a4reement between the distributions of épor data and
drical magnetic detector that is coaxial with the BEPC col-\jonte Carlo simulations has been checked in separate analy-
liding e"e™ beams. It is described in detail in R¢l0l. A o5 and found to be reasonable. Since the default generator
four-layer central drift chambéCDC) surrounding the beam  ¢,, #(2S)— wdl producesSwave dipion states, while
pipe provides trigger information. Radially outside the CDC,geS has measured a small but non-negligible amouri of
a forty-layer main drift chambefMDC) provides tracking \yave in the dipion systerfi1], the Monte Carlo events are
and energy-lossdE/dx) information on charged tracks over weighted to give the correct angular amg distributions.
85% of the total solid angle. The momentum resolution is
op/p=1.7%y1+ pZ (p in GeV/c), and thed E/dx resolu-
tion for hadron tracks for this data sample+9%. An array
of 48 scintillation counters surrounding the MDC provides
measurements of the time of flightOF) of charged tracks Selected events are required to have more than one and
with a resolution of~450 ps for hadrons. Outside the TOF fewer than six charged tracks.

IIl. EVENT SELECTION
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C. Extra track (ar) selection

In order to distinguishy(2S)— 77~/ and (2S)
—797%/y events, separatmy histograms are made for
events with no additional charged tracks, those with any
number of additional charged tracks, and those with two or
more additional charged tracks. The first histogram and one
of the other histograms are fitted simultaneougl?]. To
reduce background and improve the quality of the track mo-
mentum measurements, events used for this part of the
analysis are required to have a kinematigftt< 7.

Additional charged tracks can originate from(2S)

— ot Iy and y(2S)— pdly, n—7 7 yI7° decays,

and also from gamma conversions and delta rays. Selection
criteria are applied to the additional tracks to enhance the
selection of low energy pion tracks, such as those coming

10000

8000

6000

Events

4000

2000
L from the processy(2S)— ="~ J/y, and reject gamma
- conversions and delta rays.
0 I , , (1) Tracks must have a good helix fit with the following

0 2 4 6 8 10 12 14 16 18 20 properties.
72 (2) p,<0.5 GeVk, wherep,, is the pion momentum.
(3) |cosh,|<0.8, whered,, is the polar angle of ther in
FIG. 2. Distribution ofx® (data for events satisfying a one- the laboratory system.

constraint kinematic fit td/¢— " p ™. (4) pxy_>0.08 GeVEt, wherepy, is the momentum of
the pion transverse to the beam directitnis removes tracks
A. Muon selection that circle in the MDQ.

. | (5) [x571<3.0. x57¥=[(dE/dX) meas™ (AE/AX) eypl/
Events must have two |dent|f|e<_j muon tracks_wnh Zerog, where @E/dX) peasand @E/dX) e are the measured and
net charge. Theu tracks must satisfy the following con- expecteddiE/dx energy losses for pions, respectively, and

straints. . is the experimentad E/dx resolution.
(1) 0.5<p,<2.5 GeVk. Herep,, is the three-momentum  (6) For events with more than one additional track,
of the candidate muon track in the lab. cosf,,<0.9, whered,. is the laboratory angle between

(2 p,+>13 or p,~>13GeVk or (p,++p,-) them. This last requirement reduces contamination from
>2.4 GeVk. This requirement selects events ConSiStenh]isidentifiede'*'e_ pairs fromy conversions.
with J/¢ decay, while rejecting background. Themy histograms for events with and without additional
(3) |cos6,|<0.60. Hered,, is the laboratory polar angle charged tracks, selected according to the above requirements,
of the muon. This requirement ensures that muons are corre shown in Figs. 3 and 4.
tained in the MUID system.

(4) cosf,+,-<—0.85. This is the cosine of the angle be- IV. BACKGROUND STUDIES
tween the two leptons in the lab. The leptons from this decay
are almost back to back. The backgrounds frome*e —yu"u~ and ete”

(5) Both tracks must havhl">1, whereN" is the num-  — ¥(29),4(2S)—(y)u " x~ in them,, and my distribu-
ber of MUID layers with matched hits and ranges from Qtions are measured using data. We begin by considering what

to 3. backgrounds are expected.
(6) |tTOF(M+)_tTOF(/~L7)|<4 ns. HeretTOF iS the t|me
measured by the TOF counters. This requirement removes A. Expected backgrounds

cosmic ray background. Possible background processes aée —yu’u”;

e'e —y(29), PY(2S)—(y)u'w; and e'e —2y*
B. Selection ofJ/ ¢ events —u uete (uu utu”). The number of background
events expected from the simulation &'e —2y*
ForJ/y—u™" u~ candidates, the two tracks must satisfy a—u* " e"e™ in them,,, distribution is four events, which
one constraint kinematic fit to th¥ mass. Shown in Fig. 1 is negligible. The background in thay distribution with no
is the invariant mass distribution of the two muons,,, , for  extra charged tracks is even smaller, and the calculated back-
J/y candidates. A clear peak at t#y mass is evident grounds forete —u*u u*u~ are determined to be
above background. The distribution gf values from the smaller still. The numbers of two photon background events
one-constraint kinematic fits to thk— u ™ u~ hypothesis are found to be entirely negligible, and this process is ig-
is shown in Fig. 2. The mass recoiling against &i¢s can-  nored further.
didatesmy, is determined from energy and momentum con- The Monte Carlo (MC) determined levels ofe*e”
servation. —yu" u” background in then,, [13] distribution and the
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FIG. 3. Fit of themy distribution events with no additional FIG. 4. Fit of themy distribution for events with any number of

charged tracks. Shown are the dépmints with error bars the  additional charged tracks. Shown are the dgeints with error
component histograms, and the final fit. For the components, thbarg, the component histograms, and the fina(dilid histogram
large, long-dashed histogramyg2S) — w7 J/, the narrow, dash- The dashed histogram ig(2S)— 7" 7~ J/4, and the hatched his-
dotted histogram is/(2S)— »J/ ¢, the broad, short-dashed histo- togram is¢(2S)— nJ/. There is very little evidence fogcy,.
gram is ¥(2S)— yxc1, the broad, hatched histogram i 2S) This distribution is composed predominantly of4(2S)
— ¥Xc2, and the lowest cross-hatched histogram is the combined- 7+ 7~ /.

efe —yutu” and ete” —y¥(29), (29— (y)utu” back-

ground. The final fit is the solid histogram. predictedeJ’e_Hy,uJ’,u_ background estimate of 53620

o . . events in them,,,, distribution. The difference is 283100.
my distribution with no additional trackgl4] are 556 20, An additional source of background, not included in the
and 192-10 everlts,_ respectively.  For e'e . e"e —yutu” simulation, is due to “radiative return” to
—(29),4(25)—(y)u" p~, the expected backgrounds in heq Iy peak, ete—yJly, Jp—utu. This back-

these distributions are 43067 and 137% 22 events, and the ground is similar to the signal in the,, - distribution and

total backgrounds are 98670 and 32§ 24 events, respec- qyld not be part of the background determined from the fit
tively. The result obtained from fitting the background leveli, inem . - distribution. However. it would be included in

. . . . . . . . I,l, /_,L
in them,,, distribution (Fig. 1) is 1307+ 56 events which is o phackground determined from the @95 distribution.

larger than the MC-determined background level. The baCkThe difference between the background determined from the
ground shapes and the numbers of background events es&'@sﬂy/ distribution and the predicted*e™ — yu®u~ is

mated for the two processes are similar, so the histograms afg.en as a measure of the radiative return.
combined in the fitting of the two distributions.

2. Total background from theA ¢ distribution

B. Inclusive background Since theu™ and u~ from ee  —yu*u~, e'e”
—(29), Y(2S)—(y)u" ", and the “radiative return”
background processes are coplanar, it is possible to deter-
mine their level from the\ ¢ distributions of the data, where
The photon frome*e™ —yu™u~ is typically emitted A ¢ is the difference between thangles of thew ™ and the
along the beam direction, producing a dimuon system whichu~ (*=180°). Figure 6 shows the Monte Carlo and data
is along the beam in the opposite direction. The cosine of thelistributions for A¢. The e*e”—yu"u~ and ee”
angle of theJ/¢ in the lab, cog)y,,, shows a strong peaking —(29),4(2S)—(y)u u~ distributions show a large
near= 1 for simulatede”e™ — yu* u~ events, as shown in peak at 0°, which is not seen in other simulations. A similar
Fig. 5b. Some peaking nearl is also found in the data, as peak is seen in the data. Thep distribution from the data is
shown for the case with ng? requirement in Fig. &). By  fitted using Monte Carlo distributions, including the com-
fitting the cosdy, distribution for data with thee®e™  bined e'e —yu*u~ and ee —y(29),y(2S)
—vyutu~ Monte Carlo distribution plus a distribution to —(y)u*u~ A¢ distribution plus a broad distribution to
represent the non-peaked events, a total of 8398 back- represent the other processes. The fit determines-1436
ground events is obtained. This can be compared with thbackground events in then,, distribution. The result is

1. Determination of & e”— ypu*u~ background
from the cos@,,,, distribution

012003-4
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summarized in Table I, along with estimates obtained by
adding the “radiative return” determined using the egg

PHYSICAL REVIEW D 70, 012003 (2004

FIG. 5. The distribution of the cosine of the
angle of thel/y in the lab, cogy,,, for (a) data
and (b) simulatede*e”—yu*u~ events. The
peaks at |[cosfy,|=1 indicate somee‘e”
—yu"u” background in the data. Ng? re-
quirement is made for these plots but,,
<3.4 GeVk2.

C. Exclusive background

distribution to the predicted and measured background from The predicted background frore®e™—yu*u~ and
the m,,, distribution. The agreement between the variouse"e” — (2S), ¥(2S)— (y)u" pn~ in themy distribution is

methods to estimate the background is reasonable.

. 800
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smaller than that in the* w~ distribution. However “radia-

FIG. 6. A¢ distribution for () yx¢1, (b)
7, (©) wrw Iy, (d) ee —yu u, (e
ete = ¥(29),y(2S)—yu"n~, and (f) data.
No x? requirement is made for these plots.
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TABLE I. Backgrounds in themn,, and my distributions from  the m,+,~ distribution (Fig. 1) below 3.4 GeV¢? is deter-

+a— + - +a— + -
e'e —yu p and ere —y(29),Y(2S)—(y)u p EVeNtS  inag i he 130% 56 events. The number of events in the
that pass the selection criteria. Predicted results are from Montgignal peak is 44498

Carlo simulations which do not include radiative return. Tg, is
determined above by fitting background in the,, distribution. )
Results are given with the radiative return determined from the B. Exclusive decays

difference between the background determined from thefgps To determine the number of exclusive decays and separate
distribution and the predicted’e” —yu"u~ background added (28) — 79703/ ¢ and (2S)— 7" I/ events,my his-

to the predicted anan,, results. These may be compared to thetograms for events with and without additional charged
determinations obtained fitting the¢ distributions, which do con- tracks, shown in Figs. 3 and 4, are fitted simultaneously.
tain radiative return. There are 20818 and 19846 events in the two distributions.
Contributions from they., are expected to be very small

Distribution P’;‘z;fd o o [15) and are not included in the fit. The influence:zf2s)
Rad Rét Rad Rét ' —a g is aIsp small; mdeed_ there is no |nd|cat|on.of such
o o a component in Fig. 3, and this channel is also not included.
M+ 1269+122 1590+ 140 1476+ 150 The my distributions fory.i, xc2, and the combined back-
My 550+ 80 — 636+ 161 ground distribution are broad and rather similar in shape, as

can be seen in Fig. 3. Since these are difficult to distinguish,
the x.» t0 x¢1 ratio is constrained using calculated efficien-
tive return” which is not included in the Monte Carlo gen- cies and the Particle Data GroufDG world average
erator is not expected to be reduced by jferequirement branching fractions for the two processes. In addition, the
that is made in going from thea,+ .- distribution to themy ~ amount of background is constrained as discussed above.
distribution. In Fig. 4, it is seen that thg.,, xc», and» contributions

As was done above, the cég, distribution(but now with  are small. When fitting, the ratios of these components to
a x? requirement can be used to determine the amount ofthose in Fig. 3 are also constrained using Monte Carlo deter-
e"e —yutu~ background in theny distribution. Using a mined ratios. Since the amount of background is predicted to
similar calculation, the amount of background is determinede very small in this distribution, it is not included in the fit.
to be 41375 events. The measured background is largeihe numbers of fitted events obtained from the simultaneous
than the predicted background, and the difference (221its to themy distributions of Figs. 3 and 4 and correspond-
+76) is taken as a measurement of the “radiative return.’ing efficiencies are shown in Table II.
Note that the two determinations of “radiative return” are
consistent as expected. C. Determination of branching ratios

The A ¢ distributions with ay? requirement may be used,
as above, to determine the total background inntiyedistri-
bution including “radiative return.” The result is 636161
events. The amount of background when fitting the dis-
tributions will be constrained to this amount. Table | com-
pares the estimates and final backgrounds determined fro@matic error due to thg? requirement.

A ¢ distributions for both then,,,, andmy backgrounds. The ot 1o correction factor for®#0 events in ther My
agreement between the various determinations for each d'ﬁ’istribution with additional charged tracksf,] due to
1

tribution is reasonable, and the total backgrounds are qUitSamma conversions and delta rays is determined:
small. '

Ratios of branching fractions, normalized to the num-
ber of Y(2S)—="w Iy events, ie. B(f(2S)
—XJIP)IB((2S)— 7w 7w~ Jl¢), are calculated. The ad-
vantage of normalizing in this way is that many of the muon
selection systematic errors largely cancel, as well as the sys-

0.30%, (7" 77)

V. FITTING THE MASS DISTRIBUTIONS fi= — 0 0’
0.305%, (7" 77 )+ 0.182,(7°7°)

A. Inclusive channel

To determine the number of inclusive events, the: - wheree, (7" ) and e,(7°7°) are the efficiencies for ad-

distribution is fitted with signal and background shapes. The,.. - - W\7 7 N 0o

. : . . ditional charged tracks forr"#~ and = =7~ events, respec-
signal shape is obtained from real data using the:, -

O . . tively, and 0.305 and 0.182 are the PDG branching fractions
distributions fromy(2S)— anythingJ/¢s (data events with - 0_0 .
additional charged tracks. These events are primarily due t%% Y(28)—m m iy andy(2S) —m aJ] y, respectively
7w~ /. For the background shape, the,+ - distribu- '
tion obtained by combining the distributions for Monte Carlo
e'e"—yu"u” and e"e” —y(29), Y(2S)—=(y)u Ny(7 7 )=1,N(7m),
events is used. Figure 1 shows the fit to the- ,- distribu-
tion. The background distribution differs somewhat from the
data in the high mass region. Because of this, the fit anavhereN,(7) is the number ofr7 events with additional
background determinations everywhere in this analysis areharged tracks. Since,(#°#°) is small,f; is near 1.0:f,
restricted to masses below 3.4 Ge¥%/ The background in =0.967.
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TABLE Il. Fit results and efficiencies, defined below, for inclusive and exclusive decays. The exclusive
results are for fitting the distributions shown in Figs. 3 and 4 simultaneously. The numbers of ayants,
the efficiencies for the exclusive cases are for the events that appear in the histogram shown in Fig. 3. The
zero error on the number gf,, events is because of thg,/x; constraint.

Case n on Efficiency
Anything (m,,,) 44498 232 e(anythingJ/ ) =0.3582+0.0014
a7 and 7ox° 13952 186 eo(7 " )=0.0289+0.0006
€o(m°7%) =0.3620+ 0.0008
7 2121 117 €o(77) =0.3597-0.0026
Xe1 2793 62 €o(xc1) =0.3678£0.0015
X2 1326 0 €o(xc2) =0.3661+0.0015
For X=n or X=x., quirement. By requiring an extra charged track, a clean
sample of events with which to determine this ratio is se-
B(#(25)—XJl ) €ratior€1( 7 7 )No(X) lected.

, The my analysis is done using the distributions shown in
€o(X)TaNy () Figs. 3 and 4. It may also be done using the distribution for
events with more than one additional charged track rather
than the one with any number of additional charged tracks.
Each has its advantages. The first case has a higher efficiency
and should have a smaller percentage error on the efficiency.
The second one should have less background from delta rays
and gamma conversions. Our final results are determined
B from the averages of the results for these two cases and are
B(4(25)— 7w/ y) _ €ratior€1(7" 7 )No(7 ) summarized in Table IV below.

B((2S)— w7~ ) - eo( 70m0) F N ()

B(y(2S)—ata dly)

wheree 01 IS the ratio of the track efficiencies for detecting
one 7 track for data and Monte Carlo dathly(X) is the
number of X events in the histogram with no additional
tracks, andeg(X) is the efficiency forX’s in the same
sample. For ther®#° case,

o7 7) VI. SYSTEMATIC ERRORS

€o 770770)

Systematic errors are summarized in Table Ill. Some of
them are determined by varying selection requirements.
whereNy(m) is the number of events in ther peak in  Other contributions are determined by turning off the weight-
the histogram with no additional tracks. ing used fory(2S)— wmwJ/y events, smearing the simulated

For theX— anything case, then,, distribution that is Mx by 0=3 MeV to test the effect of changing the mass
fitted to obtain the number af(2S) —anythingJ/ events, ~ resolution, and removing constraints. The amount of smear-
N(anythingJ/¢), has noy? requirement. Therefore a cor- iNg of my was determined by comparing the width of a
rection must be made for the effect of this requirement sincéaussian fit to the; peak for data with a Gaussian fit to the
a x2 requirement was made on thg2S)— =" 7~ J/y dis-  corresponding Monte Carlo distribution. The data width is

tribution: possibly 2 MeV wider(added in quadratuyehan the Monte
Carlo width.
B(4(2S)— anything J/4) _ As shown in Fig. Eb), the cosy,, distribution, Wher_e%,w
— is the angle of thel/ ¢ in the lab, shows some peaking near
B(y(2S)— = a7 ) +1.0, which is indicative of background from the radiative

+ —
€ratio1€1( T T )

e(anything J/ )

v ( €,2 cuN(anything J/’ﬂ)|no X2 cut
Ny (77~ Il )

process. To check whether this background is being handled
) correctly, the effect of an additional requirement on this
angle (cos#y,|<0.9) is determined and included in the sys-
) tematic errors. The background estimate in e distribu-

tion has also been increased by 30% to determine the sys-
tematic error due to the uncertainty in the amount of
background.

The efficiencies in the first fraction on the right of this equa- In the study done in Ref16], the gamma conversion rate
tion are determined from the Monte Carlo simulations andn data versus Monte Carlo data was compared, and it was
have ay? requirement. The terna(anythingJ/¢) is the ef-  found that the rate was lower in the data, (4#@15)%, than
ficiency for the combination of processes if(2S) in the Monte Carlo data, 4.5%. The effect of this difference
—anythingJ/¢. The terme,2 . is the efficiency of they? has been studied using two different methods. In the first, the
requirement and is determined using data from the ratio oéfficiency for extra charged tracks in neutral decays is
events with additional tracks with and without thé re-  changed by 4.0/4.5. In the second approach, a much higher
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TABLE Ill. Systematic error summary. The total error uses 1/2 the difference of the fitting results for the greater than zero and the greater

than one extra charged track cases in quadrature with all the other errors.BHaOE=B((2S)— 70w3/4), B(+—)=B(4(2S)
—a ), B(9)=B((29)— 73/ 4), B(xcs) =B(#(25)— yxc2)B(xcs— I/ ¥), andB(anything)=B(y(2S)—anythingJ/ ).

Variation B(00) B(7) B(xc1) B(xc2) B(anything)
B(+-) B(+-) B(+-) B(+-) B(+-)
(%) (%) (%) (%) (%)
1.3Xmy background 0.26 0.67 5.44 5.44 -
pxy7>0.08—>>0.15 GeVE 0.88 0.34 0.74 0.51 0.22
Lower y conversion 1.11 1.01 0.74 1.04 -
|cos6,|<0.8—0.75 0.17 0.67 0.25 0.0 0.26
| Xde/ax <3.0—<5.0 1.93 0.67 0.99 1.04 0.73
X°<7—<10 0.12 2.35 0.25 0.0 0.03
|cosd,|<0.6—0.65 0.29 0.0 0.74 1.04 0.19
NMt>1—>0 0.47 3.69 0.99 1.04 0.09
[tror(p ™) —trod( )| <4—<5 0.29 0.0 0.25 0.0 0.14
Unweightm_. 1.70 5.70 3.47 3.62 0.12
Smear mas§3 MeV) 0.70 4.36 0.74 0.51 0.42
Removey constraint 0.18 0.34 0.0 0.0 0.17
Removey., constraint 1.70 2.35 29.0 46.1 0.45
|cos6y,|<0.9 0.29 3.36 2.23 2.59 0.59
€ratiol 2.0 2.0 2.0 2.0 2.0
>0—>1 extra tracks 4.17 3.05 3.17 2.76 3.48
m,+,- background—e*e —yu*u” only 0.14
Total 4.58 9.82 29.9 46.8 2.92

track momentum requiremenpy, >0.15 GeVt) is made Also indicated in Table Il are the total systematic errors.

since gamma conversions are predicted by the Monte Carlbhey are reasonably small except fg(2S)— yxc, and
simulation to be more important at lower momentum. (28)— yXc- The branching ratios are very different when
This analysis has been done for two cases. The first usdg€ Xc2 constraint is removed.

the distribution with any number of additional charged
tracks, while the second uses the distribution with more than
one additional charged track. For our final results, the aver-
ages of the two sets of values are used, and one-half the The final branching fraction ratios and branching fractions
difference between them is included in the systematic errorsare shown in Table 1V, along with the PDG results, including
Also included is an uncertainty of 2% for the uncertainty intheir experimental averages and global fit results. For
B(4(2S)— 7072/ )IB(y(2S)— w1 y), the PDG

VII. FINAL RESULTS

€ratiol-

TABLE IV. Final branching ratios and branching fractions. PDG04-expt results are single measurements or averages of measurements,
while PDGO4-fit are results of their global fit to many experimental measurements. For the value marked with an asterisk, the PDG gives the

reciprocal. The BES results in the second half of the table are calculated using the PDG VBlyg=d8(4(2S)— =" 7~ J/¢)=(31.7

+1.1)%.

Case This result PDGO04-expt PDGO04-fit
B(anythingd/¢)/B ., 1.867+0.026+ 0.055 2.016-0.150[17] 1.821+0.036
B(7°#%)/y)IB ., 0.570+0.009+0.026 — 0.59-0.05
B(7d/4)IB.,., 0.098+0.005+0.010 0.0910.021[8] 0.100+0.008
B(¥xc1)B(xci— v/ ¥)/B,.. 0.126+0.003+0.038 0.08%0.021[8] 0.084*0.006
B(¥xc2)B(xco— v/ ¥)/B,., 0.060+0.000+0.028 0.03%-0.012[8] 0.041+0.003
B(anythingd/y) (%) 59.2+0.8+2.7 55+ 7 57.6-2.0
B(w°7%3/4) (%) 18.1+0.3+ 1.0 — 18.8-1.2
B(5d/y) (%) 3.11+0.17+0.31 2.9-0.5 3.16-0.22
B(yxe1)B(xci— I/ ¥) (%) 4.0+0.1+1.2 2.66-0.16 2.67-0.15
B(yxc2) B(xco— I/ ¥h) (%) 1.91+0.01+0.86 1.20-0.13 1.30-0.08
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does not use the previous experimental results and gives nesed to determine the recoil mass,, and themy distribu-
average value. For the other four branching fraction ratiostion is fitted with Monte Carlo determined distributions to
only one measurement exists for each, and Table IV listgletermine the number of exclusive decays. All processes are
the single measurements quoted by the PDG. Ounormalized toy(2S)— =" 7~ J/¢ to reduce systematic er-

results for B(anythingd/)/B(4(2S)— "7~ J/) and

rors. Ratios of the branching fractions ¢f(2S)— »J/,

B(7d/)IB(4(2S)— =+ 7~ Ily) have smaller errors than #9791/, and anything)/y to that of y(2S)—a* 7 Iy
the previous results. As a check, the sum of the exclusivare measured to be 0.098.005+0.010, 0.576-0.009
branching fraction ratios in the top of Table IV is 1.854 +0.026, and 1.86% 0.026+0.055, respectively.

+0.094, which is in good agreement with the inclusive
branching fraction ratio (1.8670.026), where the errors are

the fit errors only.
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