Singapore Management University

Institutional Knowledge at Singapore Management University

Research Collection School Of Computing and

Information Systems School of Computing and Information Systems

1-1990

Observation of IV(4=S) decays into non-=BBA final states
containing | mesons

ALEXANDER, J.; et al.

M. THULASIDAS
Singapore Management University, manojt@smu.edu.sg

Follow this and additional works at: https://ink.library.smu.edu.sg/sis_research

6‘ Part of the Computer Engineering Commons, and the Databases and Information Systems Commons

Citation
]

This Journal Article is brought to you for free and open access by the School of Computing and Information
Systems at Institutional Knowledge at Singapore Management University. It has been accepted for inclusion in
Research Collection School Of Computing and Information Systems by an authorized administrator of Institutional
Knowledge at Singapore Management University. For more information, please email cherylds@smu.edu.sg.


https://ink.library.smu.edu.sg/
https://ink.library.smu.edu.sg/sis_research
https://ink.library.smu.edu.sg/sis_research
https://ink.library.smu.edu.sg/sis
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F5779&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F5779&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/145?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F5779&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:cherylds@smu.edu.sg

CLNS 90/975 ..
CLEO 90-2

CARNEGIE MELLON CORNELL FLORIDA HARVARD KANSAS MARYLAND MINNESOTA
OHIO STATE OKLAHOMA PURDUE ROCHESTER SUNY-ALBANY SYRACUSE VANDERBILT

Observation of T(45) Decays Into non-BB

Final States Containing ¢ Mesons




CLNS 90/975
CLEO 90-2

January, 1990

?

Observation of T(45) Decays Into non-B 13

Final States Containing y» Mesons

1. Alexander™ M. Artuso’” €. Bebek!" K. Berkelman,' D.G. Cassel"
E. Cheu!" D.M. Coffman!”’ G. Crawford!" J.W. DeWire,"” P.8. Drell"
(NF)

R. Ehelich!" R.8. Galik!" B. Gittelman!" S$.W. Gray," A.M. Halling]
DL, Hartill! B.K. Helsley!™ ). Kandaswamy!" N. Katayama]"
D.L. Kreinick!" 1.0 Lewis!™ N.B. Mistry!" J. Mueller.' R. Namjoshi;"
§. Nandi'"' E. Nordberg!" C. 0’Grady!" D. Petersen!” M, DPisharody,”
D. Riley," M. Sapper!”’ A Silverman)” §. Stone,” H. Worden,"

M. Worris™' A. J. SadeM™ P.-Avery”” D. Besson!” L. Garren)”

I. Yelton'™ T. Bowcaek!™ K. Kinoshita!' F, M. Pipkin{" M. Procario)”
Richard Wilsen!” J. Wolinski!® 1. Xiae!” R. Arnmar,” P. Raringer,”
1. Coppage'™ P.llaas™ Ha Lam!™ A. Jawahery!™ C.IL Park)”
Y. Kubota!" J.K. Nelson,” 1. Perticone!” R. Poling!” R. Fulton"
T. Jensen!” D.R. Johnson'® H. Kagan!*' R. Kass" F.Morrow]”
J. Whitmore!® P. Wilson,” W.-Y. Chen! J. Dominick!” R.L. Mcllwain,”
DAL Miller® C.R. Ng! S.F. Schaffner)” E.L Shibata!” W.-M. Yao”

K. Sparks'™” E.H. Thorndike{" C.-H. Wang,"' M.S. Alam,"

LI Kim!™ W.C 1i/" X.C. Lou!" C.R.Sun" P-N. Wang""
M.L Zoelter" D. Bortoletto,™ M. Goldberg!'™ N. Horwitz,” V. Jain"
M.D. Mestayer!"” .C. Moneti”® V. Sharma,'" LP.J. Shipsey,"”

031 i)

T. Skwarnicki!'™ M. Thulasidas!'” $.E. Csorna”™ and T. Letson'

(1

(2

(3
(4

(s

(8

7

(8

(9

(t0)
(t1)
(rz)

{13)

Clornell University, Ithaca, New York 14858

fthaca College, Ithaca, New York 14850

University of Florida, Gainesville, Florida 32611
Harvard University, Cambridge, Massachusetis 02138
University of Kansas, Lowrence, Kansas 66045
University of Maryland, Cotlege Park, Maryland 20742
University of Minnesota, Minneapolis, Minnesota 55455
Ohio State University, Columbus, Ohio, 43210

Purdue University, West Lafayetle, Indiana §7907
Untversity of Rochester, Rochester, New York 14687
State Untversity of New York at Albany, Albeny, New York 12222
Syracuse University, Syracuse, New York 1324{
Vanderbill {Iniversity, Nashovrlle, Tennessee 37235



Abstract

We report on the observation of § mesons from T(43) decays which are
too energetic to come from B mesons. These events provide evidence for
non-BB decays of the T(45). The measured rate is
B(T (45)+9X)=0.22+0.0640.04% for y momentum above 2 Qe¥/c.

PACS numbers: 13.20.Gd, 13.65.+i

The T(4S) resonance is the third radial excitation of the bb system. It is
massive enough to be above threshold for decay into 88" or B%8° and is thought
to decay dominantly inte these modes. Other vector meson resenances decay inte
final states which do not contain the explicit flavors of the constituent
quarks. For example, the ¢, an s3 state, decays 13% of the time into prl and
the §(3770), a cc state, has recently been observed to decay into non-charm
final sﬁahes.2

A previous search for non-BB final states in T(45) decay investigated the
inclusive charged particle momentum spectrum. No statistically significant
signal was observed for particles above the kinemstic limit for B decay.3 The
resulting upper limits on the non-BB decay fraction depend on the assumed shape
of the non-BB spectrum. For a spectrum with the shape of continuum o'e”
annihilations, the upper limit is 3.8%, while for a shape similar to three-
gluon decays of the T(15), the limit is 13%, both at 90% confidence level.

In this analysis we investigate the production of y§ mesons from the 1(4S)
in the momentum range above the kinematic limit allowed for y's from B decay.
Low momentum §’s have previously been seen in T(45) decay and were assumed to
arise solaly from B decays.” The inclusive branching ratio for B+§X was found
to be 1.1%. Some fully reconstructed B+yK and B"K‘ events have been seen.

We use data taken with the CLED detector using the Cornell Electron
Storage Ring (CESR). The luminosities used consist of 212pb_1 accymulated at
the T{45) resonance, 1{)2pb-1 taken at a center-of-mass energy 60 MeV below the
T(45) and IISpb'l taken at the T(5S) resonance. There are 240,000 I(45) decays
and 35,000 1(55) decays. The CLED detector is described in detail elsewhere.s
This analysis uses the charged particle tracking system and the electron and
muon identification systems. The tracking chambers consist of a set of three
drift chambers and have a charged particle momentum resolution of (69/p)2 =
©.007p)2 + (0.0023)2, with p in units of Ge¥/c. Electrons are identified by a
combination of devices. Energy loss (dEfdx) is measured in the 51 layer inner
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tracking chamber where the dEfdx resclution is 6.58 (rms) en Bhabha electrons.
This measurement is used in combination with two other measurements from
devices placed outside the 0.7 radiation length thick solencid magnet coil.
These devices include wire proportional chambers which also determine dEfdx and
a 12 radiation length thick |lead-wire proportional chamber calorimeter which
gives a measurement of electromagnetic energy. The muons system consists of
segmented stesl plates whose total thickness varies between 1.0 and 1.5 meters.
Wire chambers inside and outside of the steel recerd hits made by muon
candidate tracks.

The event sampie is selected by using stendard CLED hadrenic event
selection criteria.5 In order to suppress electromagnetic and two-photon
backgrounds, we impose the additiona! requirement that at {east & charged
tracks be found. §’s are identified via the di-electron or di-muon modes. One
muon must either penetrate all the iron and make two hits (a "cross®} in
orthogonal layers of the outer muon chambers, or produce 2 single hit in the
outer chambers and a cross in the inner muon chambers. The second muon
candidate is required only to make a cross in the inner tayer or have at least
one hit in the outer layer. Efectrons are identified either by ionization loss
(dEfdx) in the drift chamber or 2 combination of the former with outer dE/dx
information and shower counter information, if the track points to the outer
octant detectors. At least one of the two electrons must be identified using
shower counter information.

The reaction B+jr gives the most energetic y’s possible from B decay; the
# momentum is 1.73 GeV/c. Although this decay mode is Cabbibo suppressed with
respect to the §K mode, it is stil) allowed. We do not expect many of these
decays; the measured B+yK branching ratio4 is about 0.1% and §r should be
suppressed by the sine squared of the Cabbibe angle. To find the kinematic
{imit we need to Lorentz-boost the §, since the B is moving with velocity
f=0.06. This results in a Doppler smearing about the endpeint, with the maximum
possible momentum now being 1.94 GeV/c. There is an additional Gaussian
momentum smearing of 30 MeV¥/c (rms) due to our momentum resclution. Therefore,
2 GeV/c is a conservative upper limit for ¢ momenta from B decay. This
transiates into a2 maximum allowed x of xB=O.378 at the 1({45), where x is the
momentum divided by the beam energy.

The 2£'2” mass spectrum for the T(45) sample is shown in Fig. la for x > %g
and in Fig. 1b for x ¢ xg. To suppress random background combinations and



better define the lepton acceptance, we require that the absclute value cosine
of the decay angle of the leptons in the dilepton mass frame with respect to
the dilepton direction in the laboratory be ¢ 0.9. The ¢ peaks are fitted with
Gaussians centered at the known § mass and with fixed width of 25 MeV rms as
determined by Monte Carlo simulation. We find 160414 events in the x ¢ *g
sample and 15.2:::: for x > *g- In the latter sample, we have 17 total events
in the two bins centered on the § mass including a background of 5.0 events.
The probability of the signai at the § mass being caused by a background
fluctuation is 2x10_5. There are approximately equal! numbers of di-electron and
di-muon candidates. As these events cannot be from B decay, they are either
evidence of non-BB decays of the T(45), or arise from the continuum under the
T{4S) resonance. We have investigated two samples of continuum-rich data in
order to see which is more likely.

The first continuum sample comes from data taken 60 MeV in center-of-mass
energy below the 1(45). The 2'2™ mass plot is shown in Fig. 1c for x » xg and
in Fig. 1d for x ¢ xg- There is no signal in either x rangs. The probabitity
that the excess in the T(45) data for x ) g is due to a continuum fluctuation
is 2.8%, after we take into account that the T(45) sample is 2.08 times larger.
The lack of a signal in the low x data adds support to the idea that the signal
on the T(45) is not due to a continuum fluctuation. Summing the high x and low
x samples together and fitting the resulting distribution gives a yield of
1.6:5'; events. This can be expressed as an upper limit on continuum §
production of R =c (e’ er9X) fo(e®e +x’pT) ¢ 1.9x10°3 at 90X confidence level for
events with at feast 3 charged tracks in addition to the y. We have previously
published an upper {imit at 90X confidence level of R, ¢ 2.3x10"3, requiring
only one charged track in addition to the '.7 Theorebical estimates® of R,
range from ax1074 to 7x1074.

Another data sample we can use to search for continuum § production was
taken on the T{5S) resonance. To insure that y mesons are not coming from
Doppler shifted B decays, we increase the x cut to 0.48, as the B mesons are
moving faster when produced at the T(55) than at the T(45). The only possibie
non-continuum source of real § mesons above 0.48 would be direct Y(55) decays.
However, since the T(5S) cross-section is a factor of 3.8 smaller than the
1(45) and the x range is amaller we would expect only 1.2+0.4 direct T(59)+pX
events if the decay width was the same as on the T(45), while for x { 0.48 we
expect 19+2 events from B decay by scaling from the observed low x T(45)

signal. We find 21.646.4 events for x ¢ 0.48 and no evidence for a signal for x
> 0.48, (See Figs. le and if.) In Fig. 2 we compare Y(45) with continuum plus
T(55) data fer x » 0.48. This summed sample is equal in size to the on T(45)
sample; the scaling facter of the summed distribution accounting for the energy
squared dependence of the cross-section is 1.00. In the summed distribution
there are 2 events in the two bins at the y mass including 0.8 background
events. In estimating the probability that this distribution can come from the
same population as the one we see on the T(45) we have not included any
allowance for direct T{ES)+$X decays. The probability of this joint
1(55)-continuum sample being consistent with the observaticn on the T(45) is
1.4%

Global event shape characteristics can help discriminate between continuum
events and events arising from different, less jet-like, production mechanisms.
The Fox-Wolfram moment R2= 2’”0 is one such measure.g Fig. 3 shows the R2
distribution for the high momentum y’s from the T(4S) sample as well as three
other samples for comparison: events with continuum dileptons of mass exceeding
2.5 Go¥, the two continuum evants at near the § mass (shaded), and T (45) events
containing a lepton with momentum greater than 1.4 Ge¥/c. The high momentum §
events in the T(4S) sample have a spherical shape, not unlike that for BB
decays with a lepton. They are very different from the above mentioned
continuum samples.10 The two continuum events near the § mass have only a 6%
probability of coming from the same R2 distribution as the T(45) ¢’s, while
they have a 95% probability of coming from the continuum dilepton sample.

These considerations provide additional evidence that it is much less probable
that the high momentum ¢ signal is due to continuum production than due to
direct T(45) dacay.12

After correcting for acceptances including our ¢ detection efficiency, 20%
for electrons and 28% for muons, and the f*EfEf branching ratio (13.8%), we
find B(T(4S)+# X) = (0.22+0.0840.04)% for x » 0.378. The momentum spectrum is
shown in Fig. 4. The high momentum events are not concentrated near the
kinematic limit from B decay, nor do they peak at any unique momentum.

We have searched for other indications of non-BE T{4S) decays. We have
redone the charged particle momentum spectrum analysis in our new data sample.
However, because of the sensitivity to the error in the relative T(45) and

continuum luminosities, the upper limits are almost the same as those given in

ref. 3.



The discovery of non-BE ¢ production naturally points bo the possibility
of high momentum charm production. It is possible that open charm is produced
with a much higher rate than hidden charm. Thus, we have also searched for p**
above the endpoint allowed from B decay. The kinematic limit is 2.5 GeV/c, or
x = 0.473. However, thers is copious continuum charm production and we expect
to have much less sensitivity than in the case of §#’s. We use the decay
D**+¢*D° and the subsequent decay of the D% into K'x* or K'x'x*xr”, and the
charge conjugate reactions for B*". We find B(T(45)+(D** X + D*7 X}/2 = 1a2%
for x > 0.473. This translates inte a 90% confidence upper timit of 3.7%. The
limit is more than one order of magnitude larger than the measurement of the
branching ratio to §'s.

Another particle that is relatad to the cc § state is the ss ¢ state. We
search for $'s above the kinematic limit for the reaction B+¢x, which is 2.75
GeV/c or an x of 0.52. The upper limit on the T(4S) branching fraction to ¢’s
above x=0.52 is 0.23% at 90% confidence level.

We have also searched for T(1S) production from the T{43) using the
dilepton decay of the T(1S). A statistically significant signal was not
obsarved, yielding an upper limit B(Y(45)+T(15)+X) ¢ 0.4% at 90K confidence
level, where X contains at least one charged track.

The high momentum § avents provide direct avidence for non-BB decays of
the T(4S). Other such dacays must be present. We have tried to find p*, ¢ and
T(15) signals without success. Lipkin has arguedla that non-BB decays of the
T(45) are to be expected. He explains the g+pr decay by a two step mechanism
where ¢ goes to an intermediate KK which then annihilate into pr. He proposed
this two step mechanism as a way for the §°° to decay inbo non=DD final states,
which have been observed.2 However, Lipkin’s predictions are not quantitative
and therefore it is difficult to ascertain the validity of his assertions.
Thers are other intriguing explanations. Marciano has suggested that
transitions to lower lying 4-quark states sre possible. He points oub that
there is a large, 18%, Coulomb énhancement of T(45)+B'B™/1(45)+8°B° which may
help generats a bound state which could in turn decay into such a 4-quark
state.14 This state could be a 0% state which decays via 2-gluon emission.
Becsuss of helicity arguments, the 2-gluons would decay preferentially to
charm. It is also interesting bto note that Ono et al. can explain the mass
splittings between the T(35), T(4S5) and T(55) and the tota! ete” cross-section

above the T(45) by postulating that the T(45) has a mixture of pure bb and bbg
hybrid state in the wave functian.15 The bbg part cannot decay into Bﬁ.la

None of these predictions is quantitative and we stil! need to determine
the decay mechanism. Whatever processs is responsibfe for producing §’s on the
T(4S), it is different from that on the T(15}. The width’ on the T{18) is 50 eV
while on the T(4S) it is in excess of SO'KGV.1
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FIGURE CAPTIONS
m(2'27) for varjous data samples. The curvas are fits to the data using a
Gaussian with fixed mass and width and a third order polynominal to describe
the background. xg is the maximum allowed (.378) for B+¢x decay on the
T(45). For T(4S) data (a) x > *g and (b} x ¢ xg- For continuum data {c) = >
g and (d) x ¢ g For T(5S) data (e) x > 0.48 and (f) x ¢ 0.48.
n(2'27) for x > 0,48, (a) on Y(45), (b) continuum plus T(5S).
The R2 distribution for x » *g §'s from the T{4S) shown as crosses,
continuum with dilepton masses > 2.6 GeV (from Fig. 1c). The two continuum
events close to the y mass are shaded. The dashed curve is the measured
distribution for BB with a lepton » 1.4 Ge¥/c which has been normalized to
the large x § data.
The ¢ momentum distribution for T(4S) decays. Note, that the bin size
changes above 2 GeV/c.
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