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Measurements ofys(2S) decays into vector-tensor final states
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Decays of the(2S) into vector plus tensor meson final states have been studied with 14 mil(i28)
events collected with the BESII detector. The branching fractions/#S)— wf,(1270), pa,(1320),
K*(892)°@(1430)°+ c.c., andf;(1525) are determined. They improve upon previous BESI results and
confirm the violation of the “12%" rule fory(2S) decays toVT channels with higher precision.
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I. INTRODUCTION ~ B((2S)—h) B(¢(28)—>e+e*) Lo
In perturbative QCD, thd/y and(2S) decay branching " BWIy—h)  BUIly—ete) >

fractions to the same final state are expected to sdtigfy
where the leptonic branching fractions are taken from the

Particle Data GrougPDG) tables[2]. This prediction is
*\fisiting professor to University of Michigan, Ann Arbor, Ml sometimes referred to as the “12% rule.” Although it seems
48109, USA. to work reasonably well for a number of specific decay
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modes, it fails severely in the case of ti#2S) two-body  (SIMBES) with detailed consideration of the detector perfor-
decays to the vector-pseudoscal®P) meson final states mance(such as dead electronic channesused. The con-
pm andK*K, which is the well known % puzzle”[3,4].  Sistency between data and Monte Carlo has been carefully

Previous BESI resulty5,6] on vector-tensor meson checked in many high purity physics channels, and the

[wf,(1270), pay(1320), K*(892)°K% (1430f+c.c., and 2dreementis reasonable.

¢f,(1525)] final states reveal that these vector-ter(sam

decay modes are also suppressed compared to the perturba- ll. EVENT SELECTION
tive QCD prediction. However, the measurements, using
about4><106 z,/;(_ZS) events, determined only upp(_ar_l|m|ts O lion #(2S) events, collected with BESIl at the
branching fractions with large errors. Therefore it is hard to .

tell how strongly these decays are suppressed with respect ggnter-of-mass energys=M g . The de(iayich+anr1elso n-
the 12% rule expectation. Here, we report the measuremeNEStigated are Y(29)— wf,(1270) 7 7 a7 7,

of the branching fractions ofi(2S) decays into these four P82(1320)—a" @ 7" m % K*(892 K3 (1430 +c.c.
channels with higher precision, based on :410f (1.00 —# @ K'K™, and ¢f;(1525)-K K K"K™. Candi-
+0.04) (2S) events[7] taken with the upgraded BESII date events are required to satisfy the following general se-
detector. The results improve on the previous BESI measurdection criteria.

ments and confirm the violation of the “12%” rule for (i) The number of charged particles must be equal to 4

#(2S) decays tovT channels. with net charge zero.
(iil) The number of photon candidates must be equal to or

greater than 2 for the decay channels containing’a
(i) For each charged track in an event, ¥@&y(i) and
The Beijing SpectrometefBESII) is a conventional cy- its corresponding Prefy(i) values are calculated based on
lindrical magnetic detector that is described in detail in Ref.the dE/dx measurements in the MDC and the TOF measure-
[8]. A 12-layer vertex chambeiVC) surrounding the beryl- ments in the TOF system, where
lium beam pipe provides input to the event trigger, as well as

The data sample used for this analysis consists of 14 mil-

Il. THE BESII DETECTOR

coordinate information. A 40-layer main drift chamber X210(D)=Xagad )+ X301,
(MDC) located just outside the VC yields precise measure-
ments of charged particle trajectories with a solid angle cov- ; ;

geap : g Proby p(i) = Prob(x2,5(i),nSp),

erage of 85% of 4r; it also provides ionization energy loss
(dE/dx) measurements which are used for particle identifi- df . .
cation. Momentum resolution of 1.7¢4 + p? (p in GeV/c) ""zher‘?”F’lD=2 is the number of degrees of freedom in the
and dE/dx resolution for hadron tracks of 8% are ob- Xpip(i) determination and Prehy(i) signifies the probabil-
tained. An array of 48 scintillation counters surrounding theity of this track being of particle type (i =/K/p). For an
MDC measures the time of fligiTOF) of charged particles €vent to be selected for any signal channel, each track must
with a resolution of about 200 ps for hadrons. Outside the€ consistent with the expected particle type ¢r K) by
TOF counters, a 12 radiation length, lead-gas barrel showdgquiring that its Profyp, is greater than 0.01 or greater than
counter(BSC), operating in limited streamer mode, measureghose for any other assignment.
the energies of electrons and photons over 80% of the total (iv) Energy-momentum conservation is used to provide a
solid angle with an energy resolution of /E=0.22A/E (E  four-constraint or f|\{e—constra|r(Whgre the invariant mass
in GeV). A solenoidal magnet outside the BSC provides a°f the two photons is also constrainted to th& mass for
0.4 T magnetic field in the central tracking region of the €vents with ar®) kinematic fit (x¢;,e) for each event. To be
detector. Three double-layer muon counters instrument theelected for a candidate final state, the fit probability must be
magnet flux return and serve to identify muons with momengreater than 0.01.
tum greater than 500 Me¥/ They cover 68% of the total (V) The combinedy? xZ,,, is defined as the sum of thé
solid angle. values of the kinematic fity(Z;,,.) and those from each of the

In this analysis, aGEANT3 based Monte Carlo package four particle identification assignments:

072001-2



MEASUREMENTS OF(2S) DECAYS INTO VECTOR.. ..

24 rrr v rvrr 1 rrv|vrvrr [ 1t vr 1 111 ]
20
16

12

Events/50MeV

0.7 1.5

m(x'n ) (GeV)

1.9 2.3 2.7
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The curves are the best fit of the data.

|m,+,-,0—0.783<0.05 GeVt?. An additional require-
ment |m,, - —1.23>0.2 GeVt? removes almost alb, 7
events, which appear as vertical or horizontal bands in the
Dalitz plot shown in Fig. ().

After the above selection, a clefy(1270) signal is seen
in the 7% 7~ invariant mass distribution, as shown in Fig. 2,
along with a smooth background and a broad enhancement at

wherencom is the corresponding total number of degrees oflower mass, which is attributed to [ f,(400—1200) pro-

freedom in they?,,, determination. The final state with the

duction [9]. Fitting with a Breit-Wigner function for the

largest Prof,,, is taken as the candidate assignment for eacti,(1270) with mass and width fixed to its PDG valUes,

event.
(vi) Backgrounds fromy(2S)—w* @~/ y, I y—X are
removed by ther™ 7~ pair recoiling mass requirement:

recon \/(Ecm _E7)2_(5++57)2
¢(3.05,3.15 GeVi/c?,

whereE, (E_) andp. (p_) are thew* (#~) energy and
momentum, respectively.

A. $(2S)— wf,(1270

plus a second order polynomial for background, and,a
where its spectrum is obtained frodiys decays[9], 62
+12 signal events are obtained. The statistical significance
for the f,(1270) signal is 6.6.

B. #(2S)— pay(1320

The 7" 7~ =" 7 «° final state is also used to search for
P(2S)—pa,y(1320)—ppm decay. Contamination from
om 7 is eliminated by requiring|m,+,-,0—0.783
>0.03 GeVt?. We select ther™ 7~ and 7%z~ com-
bination that has the minimum value of

J(m_«_-——m ,0)2+(M0,=—m,=)? and require this mini-

The candldate events for this decay mode have the flnahum value to be less than 200 M&V/The combineg®7*
stater "7 7 7 7°. To be selected, the combined prob- and ==~ invariant mass plot, shown in Fig. 3, has a clear

ability  (Prok.y.)

for the assignment (2S)
—ata atw O

must be larger than those af(2S)

0 and ¢(29)— = 7 ppm°. A clear

—ata KK 7

peak near 1320 Me\/ Assuming the signal is,(1320),

we obtain 11231 events by fitting the mass distribution
with a Breit-Wigner function with mass and width fixed at

signal is seen in ther™ =~ w° mass distribution, as shown in the PDG value$2], together with a second order polynomial
Fig. 1@, and candidate events are required to satisfijbackground function. The statistical significance iso3.6

o
T

N
n
T

mkT*)}GeV)
M2(K m)(GeV?)

FIG. 4. Distributions of (29
—K*(892)K*7* candidate eventsfa) scatter
plot of mg+,- versus my-.+ for selected
Y(2S)— w7 K*K™, and (b) Dalitz plot for
K* (892)K 7 candidate events afté¢* (892) se-
lection.
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FIG. 5. Invariant mass of K& for  ¢(29)

_>K*(892)°K§ (1430)+c.c. events. The curves are the result of the ~ FIG. 7. Invariant mass distribution " K~ recoiling against a
fit described in the text. ¢ for pK*K ™~ events. The curves are the result of the fit described
in the text.

C. %(2S)—K* (892 °K% (1430 °+c.c. , . . - —
. . . events are obtained with the signal statistical significance of
Candidate events for this decay mode have a final statg 3,

K*K~#"a~. The combined probability for the assignment
of #(2S)— K"K~ 7" 7~ is required to be larger than those ,
of K'K'K*K™ and #" 7 «"m . The decay y(25) D. 4(25)— #75(1523
_>¢77-+ﬂ-7 is removed by the requiremell'mKJrK,_l_Oa For this decay, the combined probablllty fQ,‘](ZS)
>0.02 GeVt2. CandidateK* (892)K* 7 events are re- —K K K'K™ is required to be larger than those of
quired to satisfy|my+,=—0.896<0.1 GeVk?. The Km KK 7'#~, K'K pp, and #"# «"%". Figure 6
mass distribution of these events is shown in Fig).4We  shows clear evidence fa#(2S)— ¢f;(1525).
requirem_+_—«+>1.6 GeVk? to remove the background Events containing @& particle are selected with the addi-
from K;(1270X, which appears as a horizontal cluster in tional requirementmy+-—1.02<0.02 GeV£t?. By fitting
Fig. 4(b). the invariant massng+¢- recoiling against a reconstructed
Figure 5 shows a clear peak nemg .= 1430 MeVk. By ¢ particle with a Breit-Wigner function with the mass and
fitting the Ko invariant mass distribution with two Breit- width of the f,(1525) fixed at its PDG valuef2], plus a
Wigner functions for thek* (892)° and K3 (1430f plus a  Flattefunction for f,(980) [14] and a first order polynomial
second order polynomial background function, 296 for background, as shown in Fig. 7, 19.8.6 events are
obtained. The statistical significance of the signal isr4.3

[ A possible ¢fy(1500) state could also decay into
i K*K"K*K™, and since the width off,(1500) is
1.075 109 MeVlc, it could contaminate thepf,(1525) signal.
i However, the branching fraction d§(1500)— = is three
o i times larger than that df,(1500)— KK [10], and an analysis
> : of ¥(2S)— ¢fy(1500)— pm* 7~ finds no events from
8 1.05 ¢fy(1500). Hence, the contamination fromy(2S)
= i — KK~ is neglected.
E§ 5 TABLE I. Summary of systematic errof$s).
1.025 [ N
. " wfy  pay  K*%Ki%+cc. ¢f;
i Tracking efficiency 8.0
1+ Kinematic fit 4.0 4.0 6.0 6.0
C i L PIDlefficiency 3.2 3.2 4.0 6.0
v selection 5.4 5.4 — —
1 1214 16 1.8 2 22 24 MC fluctuation 22 16 1.3 11
mkk(Z)(GeV) Helicity 81 12 14.3 16.0
Background shape 11.0 13.9 135 13.8
FIG. 6. Evidence for(2S)— ¢f,(1525): scatter plot of Branching fractions 2.9 3.4 2.4 3.8
mi - versusm, —, where thek "K ~() pairs are assumed to be N,g, 4.0
produced by ap and m(KZQK, is the invariant mass recoiling against Sum 18.3 185 23.2 25.0

K*K~M). Each event has four entries.
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TABLE II. Branching fractions measured faf(2S)— vector+tensor. Results for correspondidgy
branching fraction$13] are also given as well as the rat@=B((2S)— X)/B(J/ y— X).

X Nobs € (%) B(#(29)—X) (X104  B(I/y—X) (X103  Qx (%)
of, 62+12 4.25+0.10 2.05-0.41+0.38 4.3-0.6 4.8-1.5
pay 112+31  6.42+0.06 2.55-0.73+0.47 10.9-2.2 2.3+1.1
K*K2% 93+16 16.2-0.2 1.86+0.32+0.43 6.7-2.6 2.8-1.3
ot 19.7+5.6  14.8-0.2 0.44-0.12+0.11 1.23-0.21 3.6-15

IV. SYSTEMATIC ERRORS V. RESULTS

The branching fraction fop(2S)—X is calculated from Table Il summarizes the results of the four branching frac-

tion measurements. For comparison, the table includes the
, corresponding decay branching fractionslofs decayq13],
Ny(2s) - B(X—=Y)- e"c as well as the ratios of th&(2S) to J/ ¢ branching fractions.
These results have smaller statistical errors than the previous

the detection efficiency. Many sources of systematic error arg ES| measureme_nt_s, mal_nly_ QUe to the larggRs) event
considered. Systematic errors associated with the efficienci?"'PI€- The statistical significances for all four channels
are determined by comparing/¢ and #(2S) data and re IargEr than 8; those for wf,(1270) and
Monte Carlo(MC) simulation for very clean decay channels, K* (892)°K* (1430f+c.c. are larger than&.

such asy(2S)— o+ 7w~ I/, which allows the determination In perturbative QCDY P decays are forbidden by hadron
of systematic errors associated with the MDC tracking effi-helicity conservation(HHC) [15], whereasVT decay are
ciency, kinematic fitting, particle identification, and photon HHC allowed[16]. Although the suppression of théT de-

selection efficiency11]. _ _cays is not as severe as that of the and K*K decay
Another source of systematic error comes from uncertaingannels, all fouk/ T decay modes are suppressed by a factor

ties in the angular distributions used in the simulation.y 3 44 5 compared with the perturbative QCD expectation.
Events are generated according to the helicity amplitudes

allowed by the spin and parity of the particles in the decay
chain. However, the limited statistics does not allow a deter-

nowl()zSS) XY
B(4(2S)—X)=

whereX is the intermediate stat¥, the final state, and™°®

mination of the helicity amplitudes. This uncertainty is con- ACKNOWLEDGMENTS
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