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Measurement of ##(2S) decays to baryon pairs
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A sample of 3.95My/(2S) decays registered in the BES detector are used to study final states containing
=hi=ha

pairs of octet and decuplet baryons. We report branching fractiong;(fﬁS)—>pE AK, Eog", =4
ATTATT, 37(1385)8 (1385), E°(1530)2°(1530), andQ~Q*. These results are compared to expecta-
tions based on th8 U(3)-flavor symmetry, factorization, and perturbative QCD.
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[. INTRODUCTION least in terms of those of th#& ¢ ground state. Somewhat
surprisingly, these expectations do not always hold. In par-

In the quarkoniunlmodel, the/(2S) is the first radial ticular, there is a rather dramatic anomaly associated with the
excitation of the3S ccbound state. As such, its properties ¥(29S).
are expected to be relatively straightforward to understand, at The major puzzle in hadroni¢: decays is the large dis-
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' ] II. THIS EXPERIMENT

IM? (107
[

+ 3 We report results of measurements of the branching frac-
] tions for (2S)—BB;, where Bje{p,A,3°E",

ATT 37(1385)2°(1530) 2} using a sample of 3.95

X 10° 4(2S) events produced via*e~ annihilations at the

C ] Beijing Electron-Positron Collide(BEPO and observed by

ot ' ' ' ' ' ' . the Beijing Spectromete(BES). The data represent a total

PP AR PF =& aTA I integrated luminosity of=6.7 pb 2.

. The Beijing Electron SpectrometéBES) is a conven-

FIG. 1. Particle Data GrougPDG) values for the reduced ,ho cylindrical magnetic spectrometer, coaxial with the

branching - fractions |M;|*=B(J/y—BB)/(mp*/\s) for Iy  Bepc collidinge*e™ beams[7]. A four-layer central drift

—BiB;, whereB; e {p,A,3°E",A"" ,X*(1385). chamber(CDC) surrounding the beampipe provides trigger

information. Outside the CDC, a forty-layer main drift cham-

crepancy between the decay widths $/(1S)—pm and  ber(MDC) provides tracking and energy-loss$i/dx) infor-

K*K and the corresponding widths fg((2S) decays. These mation on charged tracks over 85% of the total solid angle.

modes are expected to proceed wiaa_ggg, with widths that  The momentum resolution ig—p/p:O_O]_?,/l—F p? (p in

are proportional to the square of the wave function at the GeV/c), and thedE/dx resolution for hadron tracks is

origin, which is well determined from dilepton decays. The~11%. An array of 48 scintillation counters surrounding the

predicted ratio of branching fractions from factorization is MDC provides time-of-flight{TOF) information of charged

tracks with a resolution o450 ps for hadrons. Outside the

-
I T
-
_._
e
——
|

05F

BH(2S)—Xnag) | as((29)]PB((2S)—e*e") TOF system, a 12 radiat_ion length, Iea_ld-gas barrel shower
RIS = D - counter(BSC), operqt|ng in self-quenching streamer mode,
had s Bl y—e"e”) measures the energies of electrons and photons-08o
—0.116+0.022 of the total solid angle. The energy resolution dg/E

=0.22AE (E in GeV), and the spatial resolutions arey,

where X, .4 designates any exclusive hadronic decay chan-:A"5 mrad andr,=4 cm. Surrounding the BSC is a sole-

3 . i noidal magnet that provides a 0.4 T magnetic field in the
nel. Theas terms come in from the three gluon widtf. central tracking region of the detector. Three double layers of
Experimentally, the(2S)— pm and K*K are reduced by

f f f h . h planar counters instrument the magnet flux retviuID)
over a factor of twenty from these expectatida3. Other 54 are ysed to identify muons of momentum greater than
modes which are expected to proceed ggg do not show

) ; R g 0.5 GeVk. End cap time-of-flight and shower counters ex-
this supressiofe.g., 2" 77 ) 7", 3(m" 7 ) 7] [3]. tend coverage to the forward and backward regions.

A. (2S)—B;B; ll. BARYON OCTET

In the context of flavoSU(3), apurec?state is a flavor A. $(2S)—pp
singlet and, in the limit ofSU(3) flavor symmetry, the ' .
phase-space-corrected reduced branching fractions to any The experimental signature for the deca{2S)—pp is

baryon octet pairlM;|?, where two back-to-back, oppositely charged tracks each with a mo-
- mentum of 1.586 Ge\d. The proton typically deposits one-
) B(4(2S)—B;B;) half or less of its 0.91 GeV kinetic energy in the BSC; the
L0 :W antiproton undergoes an annihilation process in the BSC ap-

proximately half the time, producing a large shower.
Major potential backgrounds arew(2S)—K* K™,

[p* is the momentum of the baryon in thg¢(2S) rest atm, u*u~, ande*e . Each of these modes has a mo-

frame], should be the same for every octet baryBp, De- —
o ] . - y ociet baryBEn mentum at least 190 Me¥/ greater than that of th@p
viations from this rule could indicate a n@w-component of =~ o)

the charmonium wave function. The reduced branching frac- /o éelect events with two and only two well recon-

tions forJ/¢y— B;B; decays are shown in Fig. 1. TJ(3)  structed, oppositely charged tracks with good time of flight

relation works reasonably well, although there may be someformation, and which are not identified as muons by the

increase for thepp mode. muon system. Alsdcosy| must be less than 0.6 for both
This relation has not been tested for iW2S), where the tracks to ensure that they occur within the fiducial volume

only relevant mode that has been measuredps and that covered by the muon system. Candidgip pairs are re-
with rather poor precisiof¢,5]. quired to be within 1.8 degrees of collinear.

There are very few direct calculations of the decay of The shower counter energy deposition as a function of
charmonium to baryonic final states. One of the most commomentum for positively charged tracks is shown in Fig. 2.
prehensive is the perturbative analysis by Bolz and gl  The faint cluster neap=1.6 GeVk, Esc=0.3 GeV is the
A comparison to this analysis will be discussed later. proton signal. The other features on the graph are due to

032002-2



MEASUREMENT OF (2S) DECAYS TO BARYON PAIRS PHYSICAL REVIEW D 63 032002

60 T T T T T T T T T

1.5 L —

Eq(GeV)

0.5

40

14 8 1.8 2
Pavg (GeV/c)
FIG. 2. Shower counter energy vs momentum for positively

charged tracks. Signal is expected near a momentum of 1.6 cGeV/
and energy of 300 MeV. L

Bhabhas (large concentration atp~1.8 GeVk, Eg¢ 20 -
~1.5 GeV), muongvertical stripe atp~1.8 GeVk, Egc
<1 GeV) and radiative Bhabhagrailing cluster atp r
<1.6 GeVkt, Esc~p). To remove these backgrounds, a
cut is made atE5-<0.7 GeVk. In addition, the shower
counter has a number of support ribs which are dead regions
thus degrading the energy measurement. Tracks which ente JF
these regions are removed from consideration. 0 Jr-|-JF-|-, -|—|-Jr
An additional handle on the identification of protons is 12 1.4 16 1.8
gained from thedE/dx system. Figure 3 shows theE/dx ) — )
particle ID results for candidate events that pass the above FICG- 4. Weighted average momentum pf pairs, fit to a
cuts. Units argy=|dE/dXpeas~ dE/d X/ o, Whereo is the Gaussian plus a quadratic.
resolution of the particle ID system. The vertical axis is for

theH hypothesis, and the horizontal refErs to fhéypoth-
esis. The cluster ned0,0) contains truepp events, and the

cluster near5,5) is a mixture of event types such as radiative
Bhabhas and)’ —ee A cut is made on the combineg,
(X;23+X%)1/2<3-
10— — — The weighted average momentum spectrum of the re-
maining candidate events is shown in Fig. 4. By weighted
average we mean that the track parameters of the positive
] and negative trackgcurvature and dip-angleare averaged
i together and then combined to form a momentum. This spec-
trum in Fig. 4 is fit to a Gaussian plus a quadratic back-
ground function, with the centroid of the gaussian fixed to
. the theoretic momentum of the protons, 1.586 GeVrhe

] width and height are allowed to vary. From the N,
‘ =201+ 14+ 20. Here and below, the first error is statistical
and the second is systematic; in this case the error is on the
. fit.

x(pbar)

B. #(2S)—>AA

_ The decayap(ZS)—m\K produce two back-to-backs,
each with momentum 1.467 Ged// We only consider
events where bothhs decay to the chargeglr final state.

The final states of interest are thug(2S)— =" 7 pp,

] where thepm~ andp#™ originate from well separated de-
N RS S SR SRS cay vertices. The decay kinematics are such that the proton
; (antiproton) is always the highest momentum positivega-
y(proton) tive) track in the event.
We select events with four and only four well recon-

FIG. 3. Distribution ofy, for antiproton candidates versyg  structed tracks with a zero net charge, and in the fiducial
for proton candidates, wherg,=|dE/dxmeas- dE/dXed and is  region covered by the drift chambeicosy|<0.80. Events
calculated assuming the track to be a profon antiproton. The  which pass these cuts are processed through a detached ver-
signal is the cluster ned0,0). The cut made is)(f,Jr X%)1’2<3. tex finding algorithm, and subjected to a 5-C kinematic fit to
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FIG. 6. Distribution ofpsry invariant masses from a kinematic
fit to Y(2S)—ppmr 7 yy, M M7, Events withpmy

pr=y~ Mpaty-
masses below 1.3 Ged are fit to a Gaussian signal plus a linear

background. There are#83+2 events in th&° peak.

N/1 MeV

then subjected to a five-constraint kinematic to the hypoth-
esis ¢(2S)—ppm 7 yy, with the beam constraint

P o I L N B

5 Mg-,=Mg,+,. Here the highest momentum positive
(negative track is classified as the protdantiprotor). For
ol v I v v v T Oy d events with more than twg candidates, the fit is applied for
1 111 1.12 w1 115 each possible combination.
pr Mass (GeV) 1.1 <M(pr' )< 1.15 Events which pass the kinematic fit with a confidence

9 <1. 2 i
FIG. 5. Distribution ofps invariant masses from a kinematic fit Ie_vel greate_r thgn 1%, ard , 1 3 Gevk are shown "
Fig. 6. We fit this spectrum to a single Gaussian plus a linear

t0 §(28) —~ppm’ 7, Mpp-=Mpy+. Upper figure is full range of o0y ground with the peak fixed to the mass of 8
i/llp;f,G;?/\zgr figure is expanded near the signal peak aty 192 GeVE2 From the fit,Nyogo=8+ 3+ 2.

pprtw, with Mp,-=My,+. The 84 events which pass D. $(25)»E"E*
this fit with a confidence level of more than 1%, and have

M,.<1.15 GeVt? are shown in Fig. 5. Extrapolating the " :
twg events in the region above 1.13 Ge¥/and below 7 A. We consider only those decays where the daughter

1.15 GeVL? to the area under the mass peak, we find thaf*S d€cay via the charg_e;nh: nlod+e. The experimental sig-
there are four background events in the plot. We conservaiature is thusj(2S)—ppw "7 7" 7~ where one each of
tively assign this number a 100% error and deterning to  the pw~ andp#™ combinations originate fromA hyperons

—

The Z~ hyperon fromy(2S)—= =" decays viaZ -

be 80-9+4. with well separated_decay vertices. As in the case for
B $(2S)—AA and 3°3°, the proton(antiproton is always
C. #(25)—303° the highest momentum positieegative track in the final
— state.
TheX? hyperons fromy(2S) —X°%° decay promptly via We select events with six and only six well reconstructed

% yA. We consider only those decays where the daughtefracks with zero net charge, and in the fiducial region cov-
As decay via the chargepim mode. The experimental sig- ered by the drift chambelcosy|<0.80. Each of the four

nature is thusg(2S)—ppm" 7 yy, where thepm~ and  possiblepm~ andpm* combinations are sent through a dis-

pm*t originate fromA hyperons with well separated decay placed vertex-finding algorithm and subsequently subjected

vertices. In addition, there are two photons in the energyo a five-constraint kinematic fit to the hypothesi$2S)

range 2&E,<202 MeV. As in the case fory(2S) —>p§w*w*w* 7, with the beam constraintV,,- -

— A A, the proton(antiproton is always the highest momen- =M+ ,+.

tum positive(negative track in the final state. Events which pass the fit with a confidence level greater
We extract#(2S)—3°3° event candidatesS®—Ay, than 1% are examined further. We additionally require that

A—pw) using the same selection criteria as used for thdhe p combinations have a mass within 10 Me¥/of the

AA mode with the additional requirement that there be two and that the mass of thd A candidate is more than

or more isolated clusters in the BSC with energy greater thag0 MeV/c® away from theJ/y in order to reduce back-

60 MeV, and within regiorjcosd|<0.75. By“isolated” we ~ 9round from the cascade decay(2S)—J/ymm, Iy

mean more than 12.8° (c@s,<.975) away from each of —AA.

the charged tracks. The M- .- spectrum of events which remain after the
Both p7 pairs in the surviving events are processedabove cuts is plotted in Fig. 7. There arezl24 events in

through a displaced vertex-finding algorithm and the event ishe =~ peak. Averaging the five events outside the peak
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FIG. 7. Distribution ofp7~ 7w~ masses from a kinematic fit to
p(29)—ppr m ' w, My, - =Mp,+,+. There are 123.4
+0.2 events in th& ~ peak.

O

3 25

FIG. 9. Distribution ofpr~ masses in tha ™ * analysis. A cut
is made aM,,->1.14 GeVt? to removeA A background.

mass. We remove th& A background by requiring thes ™~

ndp7* masses to be greater than 1.15 Ge//

Events which pass all above cuts are fit to a spin-1 Breit-
Wigner plus a 4-body phase-space background histogram.
The width and centroid of the signal spectrum are fixed to
the PDG[3] values. Figure 10 shows the output of the fit;
there are 849 total events in the plot. The fit parameter varied
is the relative proportions of the phase space background and
the Breit-Wigner signal to the total number of events in the
The decay #(2S)—A"*A~~ produces back-to-back Plot. Ny++3-- is 157+ 13+ 34.

A** andA~ . AstheA™ " isabroad (111 MeW?) reso-
nance, the primary hyperons do not have well-defined mo-
menta, in contrast to the octet cases above. We select events
where bothA™" and A~ decay topw [B(A*"—pm)
>99%]. The final state isy(2S)—ppm 7.

We select events with four and only four well recon-
structed tracks with a zero net charge, and in the fiducial"
region covered by the drift chambecoss|<0.80. The sur-
viving events are processed through a four-constraint kine-2

matic fit to the hypothesig(2S)—ppn* 7. Events which 3
pass with a confidence level greater than 1% are examine®
further.

Figure 8 shows the invariant mass distribution of e
pair in events which pass the fit. There is a clear peak in the
J/y mass region coming from the cascade de@dRS)
—Jlymt o™, J¢y—pp; we remove this by making a
60 MeV/c? cut around thel/ . Figure 9 shows the invari-

ant mass distribution fops~ containing a peak at tha

region over the entire plot and multiplying by the width of
the signal gives 0.15 background events. A conservative ef
ror of 100 percent is applied, giving 123.4=0.2 ¢(2S)

— B ~E" events detected.

IV. BARYON DECUPLET
A. P(2S)—>ATTATT

B. $(2S)—3+(13893 (1385

The hyperons from ¢(2S5)—X* ke decay via
3% (1385)—A 7" 88% of the time. We consider only those
decays where the daughtdrs decay via the chargedsw

ode. The experimental signature¢$25)—>p§2(rr+w*)

(42
o
o

N/20 MeV
IS
o
o
I

w

o

=]
I

n

o

o
I

O'm
1.0

2.0 2.5

-

o

o
I

0 : 1 1 1 1 1 1
2 25

3
nn recoil Mass (GeV/cz)

FIG. 8. Distribution of7" 7~ recoil masses in thA** analy-
sis. A cut is made afM p;—MW|>6O MeV/c? to removeld/ i
contamination.

1.5
M, (GeV)

FIG. 10. Distribution ofp7* masses from a kinematic fit to
Y(2S)—ppm . Data is fit to a spin-1 Breit-Wigner plus a
4-body phase-space backgroufitbm Monte Carlg. Black boxes
with error bars are data, smooth curve is the spin-1 Breit-Wigner fit
result, and histogram is the final fit to background plus Breit-
Wigner, binned to match the datid, ++3--=157+ 13+ 34.

032002-5



J. Z. BAl et al. PHYSICAL REVIEW D 63 032002

> Frr—T7TT———T7 77— T > — T ;
2 L 2 3¢ i ]
2 - . g I ]

20l . : E

i iy N 1 I ]
ol i Ao gt ok :I‘U — : ]
1.1 1.126 1.15 1.175 1.2 1.2 14 1.6 1.8

pr” Mass (GeV) pr - Mass (GeV)

FIG. 11._Distribution of M,,- from a fit to ¥(29) FIG. 13. Distribution of M,.-,- from a kinematic fit to
—(pm )m (pm")mw~, showing the A peak in (25— (pm )w (pmT)=*. The histogram is an unbinned fit to
E(l385)+§(1385)‘ candidate events. a Breit-Wigner constrained to the nominal(1385)" mass and

width.

where one each of them™ (Ha-r*) candidates is consistent

with being from the decay of & (A). o
We select events with six and only six well reconstructed In the decaws(2S)—Z*E*, theE*s are produced back

tracks with a zero net charge, and in the fiducial region covio back in they(2S) rest frame. The dominant decay mode

ered by the drift chambefgos9|<0.80. We kinematically fit of E* baryons isS* —ZE ", with a branching fraction of

C. $(2S)—E(1530 =°(1530

the 36 possible charge combinations of €)+(—+)—, 0.66.[3] TheE  decays asin Sec. llIDtAx ", and theA
running the @& —)/(—+) candidates through a displaced decays top7 ™. _ _ _
vertex finding algorithm, t@m ™ 77*577*77’. No constraints We select events with eight and only eight well recon-

structed tracks with zero net charge, and in the fiducial re-

Figure 11 shows that the fit mass of the daugiterfrom gion covered by the drift chambdcosﬂso.ao. Relmaining
the decay of the primary* * is well defined and centered at events are subjected to a 4-constraint kinematic fit to the

the A mass. We make a loose cut of 15 Me¥/on the A gy?othfsiip(ZS)ﬁpwt‘p;:Jr W+h7T_7Td+'7T_I. Tzepwtca”gi'd
- I ates forAs are sent through a displaced vertex finder.
and A resonances, indicated by the arrows on the plot. : o ' i
As shown in Fig. 12, the mass recoiling against the Or_Events which pass the fit with a fit probability greater than
PR i 0.01 are examined further.
phan#" 7~ pair is dominated by a peak at tld¢)s mass, . * .
N o - As the dominant decay mode B* decays includes &
indicating contamination of ¢(2S)—= 7" Jly, Iy . . , _

— T _ in the decay chain, a loose cut is placed on phe" mass
—AA. WQ therefore 2remove events with7a" 7~ recoil (|Mp7r—MA|<20 MeV/c?) to enhance the signal fraction
mass within 3_’0 MeVe“ of the J/y. R (Fig. 14. Because ofw combinatorics, each event that

To determineNy«+5+ -, we constrain the7 7~ com-  passes the kinematic fit is counted four times in this plot.
bination &* ~ candidatg to be within 107.4 MeVé? (3 Similarly, as there is & in the decay chain, a cut is
xT') of the nominal PDG value in order to enhance e ~ made on thez 7~ 2|nvar|ant massM p— - is rqulred to
signal. Events which pass the above cuts are fit to a Breitbe within 20 MeVE® of the nominal mass of th& ", as
Wigner with a constant background, with the mass and widttshown in Fig. 15. Due tor combinatorics, each event is
fixed to the PDG values M=1382.8 Gew¢?, I'  counted twice in this plot.
=35.8 MeVic?). This fit is shown in Fig. 13; from the fit, All events which remain after the above cuts are graphed
Nyx+35%-=13.8£3.7-2.7. in Figure 16 with My, +.+.- on the vertical axis and

are placed on theH —)/(— +) candidates.

SOr—T—TTT T T T T T T T T T T T

N/2 MeV

30

N/10 MeV

100
20

50

s

PSS I L S S L LSS S n D 8 Y e P T 2 e O
2.8 3 3.2 3.4 1.1 1.126 1.16 1.175 1.2
nn Recoil Mass (GeV) prt Mass (GeV)

FIG. 12. Distribution of7" 7~ recoil masses from a kinematic FIG. 14. Distribution ofp7~ masses from a kinematic fit to
fit to ¥(2S)—AA=" 7, showing larged/ contamination in  (2S)—ppw 7 77 7*7~ showing the A peak in
3.(1385)"2(1385) candidate events. E9(1530)2°(1530) candidate events.
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FIG. 15. Distribution ofp7m~ 7~ masses from a kinematic fit to FIG. 17. Distribution ofAK™ masses from a kinematic fit to
1/;(28)—>p_pq-r+7-r’7r*7-r’7-r*7r’, showing the E~ peak in  (2S)—>AAK*'K™. Histogram is candidateQ Q" events,
E (153015 (1530 candidate events. crosses are Monte Carlo simulations.

We select events with six charged tracks in the polar
M-~ =+ On the horizontal. The signal region is shown asangle region/cos#|<0.8 and with zero net charge. The re-
a circle at(1.531,1.531 No events fall within the signal maining events are subjected to a 7-constraint kinematic fit
region defined as a 50 Me¥%? radius from the central to the hypothesig/(2S) —>AAK K™, M x-=Mjk+. The
value. We set an upper limit of 2.3 events at 90% C.L. forfit is applied for each of the 36 particle assignment possibili-
Nzxzx. ties. Only the assignment with the best probability in the
kinematic fit is considered.
D ¢(28)—>Q‘§+ Figure 17 shows the\K™ mass distribution_ for the se-
' lected events, where the solid line histogram is data and the
The dominant) ™ decay chain i)™ —AK™, A—pn~ crosses are from Monte Carlo simulations, normalized to
with a total branching fraction of 43%3]. We look for  three events. There are no candidates within three sigma of
1//(28)—>Q‘(_l+ events with the topology ¢(29) the nominal() ™ peak, thus an upper limit of 2.3 is assigned

b . ’ at the 90 percent confidence level.
—ppm 7 K"K™, i.e. six charged tracks where tiper

andpn ™ are consistent with being from the decay of aor V. CONTINUUM BACKGROUND

A. . .
A few percent of the hadronic events in our data sample

originate from non-resonamt' e~ — qq annihilation events.
We use a 5.1 pb' data sample taken off resonance to de-
termine the level of continuure™e™ — B;B; contamination

to our event samples. We find no events that survive the
analysis procedures and event selection criteria identical to
those described above for either of the moded or

AT*A™ . We conclude that continuum events comprise a
7 negligibly small contamination to our data samples.

&+

o
I

VI. DETERMINATION OF THE TOTAL NUMBER OF
¥ (2S) EVENTS

We determine the number af(2S) events in our data
samples from the observed number of cascade decays of the

)
T
|

. TABLE I. Relative efficiencies and systematic errors for cuts in
the modey(2S)— pp as modeled by Monte Carlo simulations for
geometric efficiencies andl s data for PID efficiencies. Last col-

umn includes combined systematic error due to variation of cuts.

° Candidate Mass (GeV/c?)

—

=
—
+#

Cut Emc €J/1// de 58, eff 5B,t0ta|

—_—————————" General 0.743 0.006 010> 0.3x10°°

. i —5 -5

=0 Candidate Mass (GGV/CZ) Muon ID 0.696 0.007 0.210 0.2x10

BSC Geom 0.768 0.009 0QRL0° 0.3x10°°

FIG. 16. Distribution oM+ ;+ .- VSMy - .- .+ from a kine-  Eg-<0.7 0.610 0.048 1810° 1.8x10°
matic fit to the final statey(2S)—ppr 7w 7" w #wtx~. The |XSH<3 0.968 0.047 1%10° 1.2x10°
circle denotes the signal region, 3 sigma from the nominal mass ofollinearity  0.999 0.001 0.0210°° 0.02x10°°

the 2(1530).
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TABLE Il. Number of events, efficiencies, branching fraction with o=0.61+0.23. This proportionality constant was mea-

acceptances, additional systematic errors due to the kinematic fit f

%Qured in thel/ y— pEsystem by the Mark Il Collaboration

¥(25)—B;B;. [8] and by the DM2 Collaboratiof©]. Out of 20000 events

. _ enerated, 14857 events survive these cuts, yielding a gen-
Mode Neut Efficiency  B.F. Acceptance KFit gral efficiency of 0.743. The collinearity cut is),/ also %ure?y
pp 201+14+21 0.2270.032 1.00 geometric, and has an efficiency of 0.999.
AN 80-9+4 0.27+0.01 0.4F0.01  10% As the BES Monte Carlo program is of limited usefulness
5050 8+3+2 0.043-0.003  0.4%0.01 10% for simulating detailed hadronic interactions, cuts V\_/hich are
— 19434502 0078 001 041001  10% affected by such must be corrected for by the examination of
S real data. Fortunately, there is a subset of events which allow
ATtA-- 157+13*34  0.31+-0.02 1.0:0.01  10% the effects of these cuts to be determined. A clean sample of
s*tyx-  14+4%3  0.104:0.005 03160011 10% pp pairs was aquired from the analysis®f *A~~ in Sec.
Zx0Z %0 <23 0.041£0.001 0.1720.001 10% IV A. The J/¢ contamination shown in Fig. 8 is the origin of
a0t <23 0.042-0.001 0.18%0.001 10% this sample. These events are used to determinEdhe and

type (2S)— a7 Iy, Ily—X. The pions are recon-
structed, and the recoil mass of the two pions is fit to deter

mine the total number of(2S)— =" 7~ J/ events. From
this fit, the total number of these events corrected for detec-
tion efficiency is 1.22%0.003+0.017x 1C°. The analysis
for this is documented in Ref10].

The total number ofy(2S) events is determined by divid-

dE/dx cut efficiencies.

This study is summarized in Table I. The systematic error
was determined from both Monte Carlo statistics and varia-
tion of cuts. The product of all efficiencies is: 0.234
+0.022.

B. AA, 3030 and E-E*

ing the number of events in the previous paragraph by the We determine the efﬁciency fOI‘ the hyperon-pair Channels
PDG branching fraction for the modg(2S)— =" 7 J/ ¢
[3]. This number is determined to be 3:98.36x 10° where
the error is dominated by the error on thg(2S)
— "o~/ branching fractiorf11].

VIl. ACCEPTANCE AND EFFICIENCY

A.pp

We determine the efficiency fop(2$)—>p§events from
a sample of Monte Carlo simulated events. Events were gerstatistics and variation aty. Also, an additional 10 percent
erated with a distribution of

d cosé

o1+« cogo

completely from Monte Carlo simulated events. Here we
generated 20000 events in each mode with daa}; cosé

distribution, ag=0.67+0.21, 0.22, 0.5 0.5 for AA, 3°3°,

—
=+

andZ =2

the 3°3° mode as the statistical error was large. The values
for a4 are those determined by the Mark 1l Collaborat&
and by the DM2 Collaboratiof®].

The resulting efficiencies are summarized in Table Il. The
systematic error reported is a combination of Monte Carlo

respectively. The value aty was not varied for

error is added because of uncertainties in the kinematic fitter
used in these analyses.

In these three modes, we require twos that decay to
chargedps final states, which have a branching fraction

TABLE Ill. Numbers of events corrected for efficiency and branching fraction acceptance, branching
fraction B(¢(2S) — B;B;)/ B(¥(2S)— /7" «~) and final branching ratios fa8(y(2S)— B;B;). Column
3 is calculated by dividing the corrected number of events in each mode by the corrected number of events
in the reference mode.

Mode Ne,t, Corr B(BB,)/ B3 rmr ) (X 1074 B(x10°°)
bp 856+ 60+ 119 6.98+ .49+ .97 21.6-1.5+3.6
AR 718+ 80+ 84 5.85- .65+ .69 18.12.0+2.7
5050 456+ 162+ 152 3.713+1.2 12+4+4
==+ 371+ 108+ 49 3.08.9+ 4 9.4-2.7+15
A+HA- 506+ 40+ 127 4,12+ 33+1.04 12.8-1.0+3.4
SHrTE- 419+113+97 3.4 .9+ 8 11+3+3
Z+0Z%0 <322 <2.6 <81
a-0+ <290 <24 <73
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a F T 3 2r I T
e 4 E =
@ o ; B0 | i
S 2F E ; |
N . TP I
3 | ® + 0.5F + 7
0 C Zoliu E—Ii+ Aa—o-l—— Z*—I)—: + 0 E 1 | 1 L |

FIG. 18. Comparison of measured branching fracti@isles
with previous measurementsriangles. Two previous measure-
ments are upper limits.

FIG. 20. Comparison oB((2S)— B;B;) to Bolz and Kroll's
predictions from perturbative QCD. Horizontal line I%,/T 4cq
=1.0.

B(A—pm~)=0.632=0.005; the other decay modes that are

required are very nearly unity, nameB(>—A y)=1.0 and €vents in each mode, corrected for efficiency and branching
B(E — A7 )=0.999[3]. The branching fraction accep- fraction acceptance, by the corrected number of events in the
tance for each channel is the—p=~ branching fraction reference mode, as noted in Sec. VI. The final branching
squared: 0.410.01. fractions are determined by multiplying the above branching
ratios by the PDG value foB((2S)—J/¢7" ), 0.310
+0.028. These are shown along with the branching ratios in

. Table IlI.
We determine the efficiency for the decuplet hyperon-pair We compare our results for the branching fractions to

channels completely from Monte C_arlo simulated e.vemsErevious limits and results in Fig. 18. Our measured value
Here we generated 20000 events in each mode with a — o
*ago0s dsbuton, o vaning between 0 and 1 or % 0 "UES B0 5 So0u one s o
A""A™", and constant at 0.6 for the other modes. The re g b

based on 4 evenid] and a Mark | measurement W|th similar
sulting efficiencies are summarized in Table Il, where the i) R

systematic error reported is a combination of Monte CarloStatistics[5]. The results forAA andE~E " are within the
statistics and variation af4. Also, an additional 10 percent PDG upper limit values. There are no previous experimental
error is added because of uncertainties in the kinematic fitteresults for3,°S° or any of the decuplet modes.
used in these analyses. In Fig. 19, we plot the reduced branching fractions de-
The branching fraction foA™* — 7" 7" is greater than rived from our measurements. The results show a trend to
0.99 [3], thus the branching fraction acceptance used ismaller values for the higher masses, similar to that seen for
1.00+0.01. TheS**+3* - decay contains twa\s going to theJ/« and are only marginally cpnsistent with expectations
pm (0.63%) and twoS*s decaying toA = (0.88), for a ffomt ftlja\;grf-sL:(h3)J/Slz'mrr:jeltﬁr(y2-SI)4|ghelrdprleC_lfS;/lcm_ measure-
o+ 0= % 0 mentsboth for the an would clari is issue.
gﬂp%cncsrﬂtsar:geﬂ?; Oéicj:tgp)).tgﬁé;rgi:*wf ( Od6e50(?a)y has 3 A comparison to the perturbative QCD predictions of

A (0.998) A—prr- (0 639). with a total acceptance Bolz and Kroll [6] is shown in Fig. 20. The results match

quite well with these calculations.
of 0.172£0.001, and2~Q* has only two components in  Our measured)(2S) branching fractions agree with ex-
the acceptance,Q”—AK~ (0.678) and A—pm~

_ pectations derived from the application of the 12% rule to
(0.63%), with a total acceptance of 0.1870.001. the PDG values for the correspondidgy decays for the
modespp, AA, 3OS0 E"E-, A**A " andS* 3+, a
shown in Table IV and in Fig. 21. There are no results for
—Jlymt7) are calculated by dividing the number of Matically allowed.

C. Acceptance and efficiency of the decuplet pairs

VIIl. RESULTS

T oF ' E TABLE V. Branching ratio predictions fory(2S).
Loasp + + 1 Decay Mode B 0.116x B (X 10°%)
o + + + 1 Jy—pp (2.14+0.10)x 103 24.8-1.2
055_ I ] Jp—AN (1.35+0.14)x 1073 15.7+1.7
f 1 Jy—xoxe (1.3+0.2)x 103 15.+2.
oL | | | | | | h| = L «10°3 N
5 AR PF 2B aE orE 2 ad Jy—EE* (0.9+0.2)x 10 10.+2.
Jp—ATFA (1.10+0.29)x 1073 12.8+3.
FIG. 19. The reduced branching fractionl;|?=B((2S) ST (1.03+0.13)x 103 11.9+01.5

—B;B)/(mp*/s) for y(2S)— B;B; decays.
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FIG. 21. The ratioB(y(2S)— B;B;)/ B(J/ y— B;B;). Horizontal
line is the 12 percent ratio expected from factorizing thS)
—B;B; Feynman diagram.

IX. CONCLUSIONS

PHYSICAL REVIEW D 63 032002

plication of the 12% rule to the correspondidfy/ decays.
The reduced branching fractions decrease with increasing
baryon masses, showing some deviation from expectations
based on flavoBU(3) symmetry.
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