RAPID COMMUNICATIONS

PHYSICAL REVIEW D, VOLUME 59, 111101

Search for exclusive rare baryonic decays oB mesons

T. E. Coan, V. Fadeyev, . Korolkov, Y. Maravin, I. Narsky, R. Stroynowski, J. Ye, and T. Wlodek
Southern Methodist University, Dallas, Texas 75275

M. Artuso, E. Dambasuren, S. Kopp, G. C. Moneti, R. Mountain, S. Schuh, T. Skwarnicki, S. Stone, A. Titov,
G. Viehhauser, and J. C. Wang
Syracuse University, Syracuse, New York 13244

J. Bartelt, S. E. Csorna, K. W. McLean, S. Marka, and Z. Xu
Vanderbilt University, Nashville, Tennessee 37235

R. Godang, K. Kinoshita, I. C. Lai, P. Pomianowski, and S. Schrenk
Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061

G. Bonvicini, D. Cinabro, R. Greene, L. P. Perera, and G. J. Zhou
Wayne State University, Detroit, Michigan 48202

S. Chan, G. Eigen, E. Lipeles, J. S. Miller, M. Schmidtler, A. Shapiro, W. M. Sun, J. Urheim,
A. J. Weinstein, and F. Wthwein
California Institute of Technology, Pasadena, California 91125

D. E. Jaffe, G. Masek, H. P. Paar, E. M. Potter, S. Prell, and V. Sharma
University of California, San Diego, La Jolla, California 92093

D. M. Asner, J. Gronberg, T. S. Hill, C. M. Korte, D. J. Lange, R. J. Morrison, H. N. Nelson, T. K. Nelson, D. Roberts,
and H. Tajima
University of California, Santa Barbara, California 93106

B. H. Behrens, W. T. Ford, A. Gritsan, H. Krieg, J. Roy, and J. G. Smith
University of Colorado, Boulder, Colorado 80309-0390

J. P. Alexander, R. Baker, C. Bebek, B. E. Berger, K. Berkelman, V. Boisvert, D. G. Cassel, D. S. Crowcroft, M. Dickson,
S. von Dombrowski, P. S. Drell, K. M. Ecklund, R. Ehrlich, A. D. Foland, P. Gaidarev, L. Gibbons, B. Gittelman,
S. W. Gray, D. L. Hatrtill, B. K. Heltsley, P. I. Hopman, J. Kandaswamy, N. Katayama, D. L. Kreinick, T. Lee, Y. Liu,
N. B. Mistry, C. R. Ng, E. Nordberg, M. Ogl)). R. Patterson, D. Peterson, D. Riley, A. Soffer, B. Valant-Spaight,
A. Warburton, and C. Ward
Cornell University, Ithaca, New York 14853

M. Athanas, P. Avery, C. D. Jones, M. Lohner, C. Prescott, A. |. Rubiera, J. Yelton, and J. Zheng
University of Florida, Gainesville, Florida 32611

G. Brandenburg, R. A. Briere, A. Ershov, Y. S. Gao, D. Y.-J. Kim, R. Wilson, and H. Yamamoto
Harvard University, Cambridge, Massachusetts 02138

T. E. Browder, Y. Li, J. L. Rodriguez, and S. K. Sahu
University of Hawaii at Manoa, Honolulu, Hawaii 96822

T. Bergfeld, B. I. Eisenstein, J. Ernst, G. E. Gladding, G. D. Gollin, R. M. Hans, E. Johnson, I. Karliner, M. A. Marsh,
M. Palmer, M. Selen, and J. J. Thaler
University of lllinois, Urbana-Champaign, lllinois 61801

K. W. Edwards
Carleton University, Ottawa, Ontario, Canada K1S 5B6
and the Institute of Particle Physics, Canada

A. Bellerive, R. Janicek, and P. M. Patel

McGill University, Montral, Quebec, Canada H3A 2T8
and the Institute of Particle Physics, Canada

0556-2821/99/54.1)/1111015)/$15.00 59111101-1 ©1999 The American Physical Society



RAPID COMMUNICATIONS

T. E. COANet al. PHYSICAL REVIEW D 59111101

A. J. Sadoff
Ithaca College, Ithaca, New York 14850

R. Ammar, P. Baringer, A. Bean, D. Besson, D. Coppage, C. Darling, R. Davis, S. Kotov, I. Kravchenko,
N. Kwak, and L. Zhou
University of Kansas, Lawrence, Kansas 66045

S. Anderson, Y. Kubota, S. J. Lee, R. Mahapatra, J. J. O'Neill, R. Poling, T. Riehle, and A. Smith
University of Minnesota, Minneapolis, Minnesota 55455

M. S. Alam, S. B. Athar, Z. Ling, A. H. Mahmood, S. Timm, and F. Wappler
State University of New York at Albany, Albany, New York 12222

A. Anastassov, J. E. Duboscq, K. K. Gan, T. Hart, K. Honscheid, H. Kagan, R. Kass, J. Lee, H. Schwarthoff,
A. Wolf, and M. M. Zoeller
Ohio State University, Columbus, Ohio 43210

S. J. Richichi, H. Severini, P. Skubic, and A. Undrus
University of Oklahoma, Norman, Oklahoma 73019

M. Bishai, S. Chen, J. Fast, J. W. Hinson, N. Menon, D. H. Miller, E. I. Shibata, and I. P. J. Shipsey
Purdue University, West Lafayette, Indiana 47907

S. Glenn, Y. Kwort: A. L. Lyon, S. Roberts, and E. H. Thorndike
University of Rochester, Rochester, New York 14627

C. P. Jessop, K. Lingel, H. Marsiske, M. L. Perl, V. Savinov, D. Ugolini, and X. Zhou
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309

(CLEO Collaboration
(Received 30 October 1998; published 10 May 1999

We report the results of a search for the rare baryonic decay nBfes\ A, B+—>Kp, B°—>Kp77‘, and
B'— pE (and their charge conjugate statesing 5.8< 10 BB pairs collected with the CLEO detector. We
see no statistically significant signals in any of these modes and set 90% confidence level upper limits on their
branching fractionsB(B°—AA)<3.9x10° %, B(B*—Ap)<2.6x10 ¢, B(B’—Apw )<1.3x10 5, and
B(B°—pp)<7.0x 10 . [S0556-282(99)50311-]

PACS numbg(s): 13.25.Hw, 13.20.He, 13.60.Rj, 14.40.Nd

Evidence for theb—s quark transition, allowed in the gnd pa (and their charge conjugate stgte3he dominant
standard model by the penguifinternal W boson-quark tree-level and one-loop penguin diagrams contributing to
loop) diagram, has been observed in both electromagnetifhese decays are shown in Fig. 1. The weak processes are
decayq1,2] and hadronic decays & mesons to two mesons  sjmilar to the meson decayg— m, K, andKK. We ex-

[3,4]. CharmlesB meson decays can also arise through thepectB+—>Kp and B°—>Xp7-r* to be dominated by thée

b—u tree process as well as the Cabibbo supprebsed L 20 — 0o
penguin process. These rare decay processes are of consjd-S Peénguin diagram, whild"—AA andB"—pp should
erable theoretical and experimental interest due to their imb€ dominated by thé—u tree processW-exchange, anni-
portance in probing the Cabibbo-Kobayashi-Maskawd“|at'0n7 penguin ann|h|!at|on, and electroweak penguin pro-
(CKM) [5] picture of CP violation within the standard Cesses can also contribute to these decay amplit(@les

model. However, these diagrams are expected to have small contri-
This Rapid Communication describes a search for charmbutions as compared to those shown in Fig. 1. Theoretical
less baryonic decays to the final statesA, Ap, Apm- predictions for these modes, scaled for a common value of

|V,pl=0.0033[7], are given in Table |. Both pole modgs]
and QCD sum rule calculation®] have been performed.

*Permanent address: University of Cincinnati, Cincinnati, OHThe pole mode| calculations y!eld higher predicted branching
45291 fractions for the rare baryonic modes. The search for the

"Permanent address: University of Texas, Austin, TX 78712.  three-body final staté p7~ is motivated by the experimen-
*Permanent address: Yonsei University, Seoul 120-749, Korea. tal observation thatB(B~—A_ p7~)/B(B°—A/p)>1.0
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w _ Charged tracks are required to pass track quality require-
BA ments based on the average hit residual and the impact pa-
rameters in both the-¢ andr-z planes. Pairs of tracks with
vertices displaced by at least 5 mm from the primary inter-
action point are taken ad candidates; we note that the
vertex resolution on such candidates is typically of order 0.1
mm. We require thepw~ invariant mass to be within

10 MeV/c? of the A mass. Reconstructetd baryons have a
mass resolution of 1.4 Me¥?. The impact parameter and

A flight distance requirements nearly eliminate feed-across

) ) between theA A and Ap=~ final states.
Charged particles are identified as protons or pions from
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b ; A o . § i specific ionization dE/dx) measurements from the drift
W CE T Ca’ chamber. Electrons are rejected based on tt&ifdx and
g? d o= g° 9 d .- the ratio of the track momentum to the associated shower
C: Cz energy in the Csl calorimeter. We reject muons by requiring
up up that the tracks do not penetrate the steel absorber to a depth
d d d d

© 0 greater than five nuclear interaction lengths. Forpbefinal
state, where additional background suppression is needed, a
FIG. 1. Tree(a,c,8 and penguin(b,d,f) decay processes which requirement on the time-of-flight of the protons and antipro-
are expected to dominate the baryonic decays under consideratiotons is applied that eliminates 40% of pion and 28% of kaon
background while retaining 89% of the signal.
(90% C.L) [10]. We estimate the branching fraction for ~We calculate a beam-constraine® mass Mgc

Apm~ from the measured branching fraction @&~ = VEp—Ps, wherepg is theB candidate momentum artg,

— Al pm~, scaling by the appropriate CKM and phase spac%S the” beazjn en(\a/\r/gy. Thdgc resl,plution is about 2.5 Me‘qu' i

factors. Penguin contributions could lead to significant en ©f &' MOCES. YVe can capitalize on energy conservation |

hancement over this rough estimate. we defineAE=Z,(E;) —Ey, whereE; are the energies of
The data set used in this analysis was collected with thdhe daughters that form tfi# meson candidate. TheE dis-

CLEO I [11] detector at the Cornell Electron Storage Ring tfiPution is then centered about zero for reconstrudiete-
(CESR. It consists of 5.41 fb! taken on theY (4S) reso- sons and has a mode-dependent Gaussian width that ranges

nance and 2.79 fb! taken below thé8 B production thresh- from 17 MeV (for Apm ) to 25 MeV (for pp). We accept

. Th | (ains 3.3 il pai events with Mgc within 5.2-5.3 GeVé? and |AE]
0d. 1he on-resonance sampie contains 5.5 mi PaIrS 200 MeV. This region includes signal as well as a side-
taken before the installation of the silicon vertex detecto

I : L
) - “"“'band used to fix the background normalization.
[12], (ELEO Il data setwith the remainder of the 5.8 mil- Backgrounds fromb—c as well as otheb—u and b

lion BB pairs taken after the detector upgra@d.EO 1.V —s decays are negligible for the two-body decay modes,
data set . . since the signal daughter particles are relatively light and are
The momenta of charged particles are measured in @ 6%50duced with high momentum. This is in contrast to the
layer tracking system operating inside a 1.5 T superconducominantB meson decays which typically have a large num-
ing solenoid. The main drift chamber also provides a meaper of final state particles with lower momenta. The decays
surement of the specific ionization los$sE/dx, which is B _.k*+~ and B— 7+ 7~ are displaced from zero by

used for particle identification. Photons are detected by the. 287 and+330 MeV inAE, respectively, and do not pass

oo ot s St \ons o e S Bl he sidebancd € reqiremerts for g fral tate. Posil
P P P backgrounds fromB decays to pseudoscalar-vector final
yoke of the magnet.

states B—PV) such aB—p#w andB—K* 7 are found in

TABLE I. Experimental results and theoretical predicti¢8]. _SI_IE; ugii:q%rllazgjr?sl,e;r;ong(r)r%tgl?zlgg g t gg)(g/stCALLe\ljent; tl(lﬁ]ﬁs for
Branching fraction B) upper limits at 90% C.L. are given in 16 o f.L. upp

units with (without) systematic errors included. Quoted significance 3(B— PV) [13]. For the three-body mod&pm~, we sup-

of the fit result is statistical only. press backgrounds frorB meson decays as well as con-
tinuum by requiring that thep, ==, and A momentum be

Mode s Sig. (%) B Theory B greater than 0.70, 0.75, and 1.0 Ge)fespectively. The

— Yy placement of these cuts was determined by a signal squared
AA 005 000 148-18 <39 (34) 0.13 over background optimization. These requirements reduce
pp 121729 2.8 48.8+27 <7.0 (6.0) 06-48  the background from otheéB decays to less than 5% of the
Ap 0.0°37 000 29.3-28 <26 (23) =3 total background.
Apm 3035 1l 146517 <13 (11) ~05 For this analysis, the main background arises from

e*e"—qq (whereq=u,d,s,c). Such events typically ex-
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hibit a two-jet structure and produce high momentum backGaussians to parametrize the signal shapes\tey Mpgc,
to-back tracks. To reduce contamination from these eventgnd A masses. Bifurcated Gaussiaméth different low and
we calculate the anglér between the thrust axis of the high side widths best describe the signal and background
candidate tracks and the thrust axis of the tracks and showeghapes for the Fisher discriminant and a straight line is used
in the rest of the event. The distribution of a@sis strongly  to parametrize the\E background shape and non-resonant
peaked at-1 for qq events and is nearly flat f@B events. A mass background. When determining the backgrdvdgd
For the low background final stateA, we require|cosé| distrit_)ution[16], the kinematic endpoint of the off—r_esonance
<0.95 and for the remaining modes, we requjcesé| dgta_ is matched to the on-resonance data by shifting the mass
<0.9. A cut of |cosé|<0.9 eliminates 66% of continuum distribution by 5.290 GeV E,,. _ _
background, while retaining 87% of the signal. Systematic errors on the fitted yields are determined by
A detailed GEANT-based Monte CarldMC) simulation ~ Varying t_hg PDFs used in the.flt by their measurement errors.
[14] was used to determine the overall detection efficiencied NiS variation is performed with a Monte Carlo technique in
(€) for each mode as shown in Table I. Efficiencies containwhich the PDF parameters are varied by Gaussian distributed

branching fractions foA —pz~ where applicable. For the fandom numbers. The width of the Gaussian is equal to the
efficiency calculation, we assume that the decB§ measurement error of each parameter. For each variation, the

—>Xp7-r* proceeds by phase spaf5]. Systematic uncer- data sample is refit. The distribution of the fit yield and upper

tainty in the efficiency determination is estimated from the"mit yield from these MC experiments is fit to a Gaussian
y efmeiency aet : whose width determines the ML fit systematic error. Impor-
spread of efficiencies obtained in Monte Carlo samples sep

rately tuned to independent subsets of the data sample: thof%saent correlations between PDF parameters are accounted for

errors are also given in Table | irthis technique.
o given in at ' . For each of the four rare baryonic decay modes, Table |
Additional  discrimination  between signal and

! - ) _ R shows the signal yields) and statistical significance of the
qq background is provided by a Fisher discriminant tech-ie|g as determined from the likelihood function. Since we
nique, described in detail in ReffL3]. The Fisher discrimi-  gee no statistically significant signals in any of the modes, we
nant, 7=X;Z,ay;, is a linear combination of 11 variables caiculate 90% confidence level upper limit yields't) by

(vi) where the coefficientsaf) are chosen to maximize the integrating the maximized likelihood functiorCf,,,) as fol-
separation between signal and background Monte Carlgyys:

samples. The input variables dmosé,| (the cosine of the

angle between the candidate thrust axis and the bean axis UL

|cos6g| (the cosine of the angle between tBemeson mo- f LnadN)dN

mentum and the beam axiend the energy and momentum 0 =0.90. 2
contained within nine concentric 10° cones that surround the * dN

candidate thrust axis. The sum of energy and momenta from L Linax(N)

tracks and showers in the forward and backward cones are

qombined. The statistical separation petwegn s_igr_wal an.d CORhe upper limit yield is then increased by its systematic error
tinuum backg_roynd afforded by the Fl_sher discriminant is 1'5(from the PDF variation and the detection efficiency re-
standard deviationso() after events witfcos6r|>0.9 have  ced by its systematic error before we calculate the branch-
been rejected. _ o ing fraction upper limits shown in Table I. Table | also gives
To determine the signal yield in each mode we perform ane \ynner limits for each mode before systematic errors have
unbinned maximum likelihoo@VL) fit using AE, Mg, F, been included.
A and A massesiwhere applicable and dE/dx as input Figures 2 and 3 show thelgc and AE projections, re-
information for each candidate event. Separate fits are pespectively, for each of the four modes. To reduce the back-
formed for each mode. The likelihood function is defined asground level in the plots, we requiteosé;|<0.8 and apply
a Fisher discriminant requirement, which eliminates roughly
80% of the background and retains about 60% of the signal.

For the higher background mode&|§, Ap#~, andpp), we
require|AE|<2.5 o, for events to enter th®l g plot and

wheres (b) are the signalbackgrounglyields in the candi- [Mpc—5.28<25 Twmg fOr events to enter th\E plot.
date Samp|eof N total e\/ent% PS and PB are the Signa| and Slgnal efﬁCiency with these stricter requirements is about
background probabmty density functionéDDF)7 respec- 50% of that qUOted i-n Table | while baCkgrOUnd ef-ﬁCie.ncy is
tively, and ii are the appropriate input variables discusseaonly 1-3%. Ove'rla|d on these plqts are the prOJectlons c.)f
above. The signal and background yields are varied until thgqe PDFs u_sgd in the fit, n'o'rmahzed accord'ng o the fit
likelihood function is maximized. The probability density resqlts m“'“p"e_d by the gfﬁcmncy of Fhe_: a_ddmonal con-
functionsPs andPg are formed by the product of the best fit straints. Both signal and signal upper limit yields are illus-

. . gl trated in the figures.
functional forms for signal and background distributions for .
each input variable. Signal MC is used to determine the We have searched_for decaysfnesons to the baryonic

shape of the signal events and off-resonance data is used figal statesA A, Ap, Apm~, andpp (and charge conjugate
determine the background shapes. We use the sum of twstateg in 5.8 million BB pairs collected with the CLEO de-

N
L£=e DT [sPg(x)+bPg(X)], (1)
=1
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FIG. 2. Mg projection plots for@ B—AA, (b) B*—Ap, (c)

B°—>/Tp7r‘, and (d) B°— pE The scaled projection of the total

likelihood fit (solid curve and the fit reported upper limidotted
curve are overlaid.
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B°—Aps, and(d) B—pp. The scaled projection of the total
likelihood fit (solid curve and the fit reported upper lim{dotted

curve are overlaid.
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in any of these modes and set upper limits on their branchin

fractions. The upper limit foB+HXp is slightly lower than

the theoretical estimate given in RE3]. We see no evidence
for b—s penguin transitiongrecently observed in decays to

meson final statgsn B decays to baryonic final states.
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