
VOLUME 50, NUMBER 12 PHYSICAL REVIEW LETTERS 21 MARCH 1/83

Observation of Exclusive Decay Modes of b-Flavored Mesons

S. Behrends, K. Chadwick, J. Chauveau, '" P. Ganci, T. Gentil. e, Jan M. Guida, Joan A. Guida,
B. Kass, A. C. Melissinos, S. L. 01.sen, G. Parkhurst, D. Peterson, B. Pol.ing,

C. Rosenfeld, G. Rucinski, and E. H. Thorndike
University of Itochester, Rochester, Negro Yorh 14627

J. Green, R. G. Hicks, F. Sannes, P. Skubic, ' ' A. Snyder, and R. Stone
Rutgers University, New Brunswick, Nese Jersey 08854

A. Chen, M. Goldberg, N. Horwitz, A. Jawahery, M. Jibal. y, P. Lipari, G. C. Moneti,
C. G. Trahern, and H. van Hecke

Syracuse University, Syracuse, Ne~ York 13210

M. S. Alam, S. E. Csorna, L. Garren, M. D. Mestayer, and R. S. Panvini
Vanderbilt University, Nashville, Tennessee 37235

D. Andrews, '" P. Avery, C. Bebek, K. Berkel. man, D. G. Cassel, J. W. Desire, B. Ehrlich,
T. Ferguson, R. Gal.ik, M. G. D. Gilchriese, B. Gittelman, M. Hal. ling, D. L. Hartil. l,

D. Herrup, ' ' S. Hol.zner, M. Ito, J. Kandaswamy, V. Kistiakowsky, '"
D. L. Kreinick, Y. Kubota, N. B. Mistry, F. Morrow, E. Nordberg,

M. Ogg, B. Perchonok, B. Plunkett, ' ' A. Silverman, P. C. Stein,
S. Stone, B. Talman, D. Weber, and B.Nil. cke

Cornell University, Ithaca, New York 14853

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

R. Giles, J. Hassard, M. Hempstead, J. M. Izen, '&' K. Kinoshita, W. W. MacKay,
F. M. Pipkin, J. Rohlf, and Richard Wilson

IIarvard University, Cambridge, Massachusetts 021 38

H. Eagan
Ohio State University, Columbus, Ohio 43210

(Received 24 January 1983)

B-meson decays to final states consisting of a D or D*' and one or two charged pions
have been observed. The charged-B mass is 5270.8+ 2.3+ 2.0 MeV and the neutral-& mass
is 5274.2+ 1.9+ 2.0 MeV.

PACS numbers: 14.40.Jz, 13.25.+m, 13.65.+i

The upsilon states' are interpreted as q-q res-
onances of a new quark, the 5 quark. The first
three resonances are narrow, 2 3 implying bound
5 fl.avor and a suppressed strong decay. The
l.arge width of the T(4S) resonance discovered
at the e'e storage ring CESR (Cornell Electron

Storage Ring) and the observation that the decay
products from the T(4S) include high-momentum
leptons' imply that the T(4S) decays strongly
into BB meson pairs, which then decay weakly.
Until. now, however, the b-flavored mesons them-
selves had not been found. Here we report that
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discovery.
The b quark has been shown to decay predomi-

nantly to the c quark. ' Thus the principal decay
mode of the B meson wil1. be to a charmed meson
plus pions. Since the high mul. tipl, icity in Y(4S)
decay' leads to large combinatorial background,
we have restricted our search to low-mul. tiplicity
decay modes, D' or D*+ plus one or two charged
plons,

The data sample used is 40.7 pb ' of Y(4S) data
and 19.6 pb ' of continuum data taken with the
CLED detector at CESB. The Y(4S) cross section
is a 1.0-nb enhancement above a 2.5-nb continuum
contribution. The detector has been described in
detail elsewhere. ' In this work we have used the
cylindrical drift chamber inside a 1.0-T solenoid
magnet to determine momenta of charged parti-
cles. In addition we have used the dE/dx-meas-
uring wire proportional chambers and the time-
of-flight scintillation counters located outside the
solenoid magnet to identify charged kaons over a
momentum range from 0.45 to 1.0 GeV/c.

The two-body decay modes, D'-K m' and its
charge conjugate, were used to find D' mesons.
Identified kaons were paired with each oppositely
charged particie in the event (assumed to be a
pion). The combination was kept only if its mo-
mentum was below 2.6 GeV/c, since D"s from 8
decay cannot exceed this momentum. The result-
ing R'm' mass distribution is shown in Fig. 1(a).
Mass combinations within+ 40 MeV of the D'
mass were kept as D' candidates.

We looked for charged D* mesons through the
cascade D*' —D'm', D'-K ~' and its charge
conjugate. We did not require that the charged
kaon be identified as such. Bather we first
formed mass combinations of all pairs of oppo-
sitely charged particles in an event, assuming
that each particle in turn is a kaon. We then
added an additional. particle (assumed to be a
pion) of charge opposite to that of the assumed
kaon. We kept as D* candidates the combina-
tions for which the [Kmm, K~] mass difference
was within ~ 3.0 MeV of the [D*',D'] mass dif-
ference of 1,45.4 MeV, ' and Km masses within
+ 80 MeV of the D' mass. We further required
that the D* candidate have momentum below 2.6
GeV/c, eliminating the high-momentum D* con-
tribution from the continuum. With these re-
quirements the D*' signal is hidden under con-
siderable background. By demanding a more re-
strictive set of conditions [see Fig. 1(b)], we
demonstrate that the Y(4S) decays contain a D*'
signal. Because these latter restrictions lower
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FIG. 1. (a) Mass distribution of K'x, for gx mo-
menta below 2.6 GeV/c, using identified kaons. The
solid line shows data from 40.7 pb ' of Y(4$) running;
the dashed line is from 19.6 pb ' of continuum running
at energies just below the Y(4S). A j9 signal at 1.86
GeV is evident in the 4S data. (b) (K'~'7I')-(X' 7I')
mass-difference distribution, for &7I~ momenta be-
tween 1.5 and 2.6 GeV/c and Kx masses within 20 MeV
of the D mass. Kaons were not directly identified.
Curves are as in (a). The signal at the D* -D mass
difference (145.4 MeV) is evidence of D*' production
in Y(4S) decay.

the D*' detection efficiency they were not used
in the search for B mesons.

Each event containing a D' or D*' candidate
was fitted to the following hypotheses" (or their
charge conj ugates):

B -Dv
B' - D'7r'm

B'- D*'m

B -D*'m ~.

(1)

(2)

(3)

We considered only these charge combinations,
since they preserve the quark decay scheme
b —c-s. In making the fit, we constrained the
B-meson energy to the beam energy and con-
strained the D' or D*' decay products to the
known O', D*' masses, respectively. This fit-
ting procedure measures the B mass relative to
the CESB beam energy, which is scaled to agree
with the VEPP4 measurement of the Y(lS) mass. "
Since the threshold for BB production is known
to lie between the Y(3S) and Y(4S) resonances,
we considered B-meson mass combinations be-
tween half the Y(3S) and Y(4S) resonance masses
(i.e. , 5180 and 5290 MeV). Candidate fits were
required to have a X' value less than 14. If an
event had two acceptable fits in this mass inter-
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val we took the hypothesis with the lower X'.
Each successful fit was examined visually to
reject B candidates involving incorrectly fitted
drift-chamber tracks (a 15% rejection).

The B masses for all successful fits are shown
in Fig. 2. The 18 events in the peak near 5275
MeV are divided 2, 5, 5, and 6 for reactions
(1)-(4), respectively. The width of the mass
peak is consistent with the resolution expected
from Monte Carlo studies. We have estimated
the background under the mas4 peak in several.
ways. (1) We changed our selection criteria to
accept K '7I' mass combinations that differed
from the D' mass by+ 200 MeV. The spectrum
of reconstructed "8-meson" masses for this
"sideband" search is shown in Fig. 3(a)~ (2) We
considered wrong charge combinations, which
corresponded to doubly charged B 's, or corre-
sponded to decay sequences other than b-c -s.
The mass spectrum for wrong charge combina-
tions is shown in Fig. 3(b) ~ Both distributions in

Fig. 3 have been normal. ized so that the vertical.
scales are directly comparable with Fig. 2. (3)
We performed Monte Carlo studies of background
from BB events and from continuum events, to
determine how the background in Fig. 2 shoul. d be
extrapolated from lower masses to the peak re-
gion. (4) We searched 19.6 pb ' of data accumu-
lated just below the T(48) for apparent B 's, find-
ing two in the region of the mass peak. These
studies lead to estimates of the background under
the peak at 5275 MeV which lie between 4 and 7

events.
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If a B decay contains a l.ow-energy particle that
escapes detection, the remaining particles from
that B may still be consistent with the beam-en-
ergy constraint and give an acceptable fit. We
frequently cannot distinguish reactions (1) and
(2) from similar reactions with the D' replaced
by D*', where D*'-D'm' or D'y. Similarly, the
decay 8'-D*'~, D"'-D'~" (m' not detected),
can masquerade as B -D'~, causing us to as-
sign an incorrect charge to the B. Monte Carl. o
studies show that the reconstructed mass is shift-
ed down a few megael. ectronvolts from the true
B mass, and the mass resol. ution is worsened
sl.ightly. The problem of missed low-energy
particles is not important for reactions (3) and

(4), and therefore we use only these to determine
the B mass.

We find a mass of 5274.2+ 1.9+ 2.0 MeV for the
neutral B, and 5270.8+ 2.3+ 2.0 MeV for the
charged B, where the first error is statistical
and the second error systematic. The [B',B ]
mass difference is 3.4+ 3.0+ 2.0 MeV, consistent
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FIQ. 2. Mass distribution of B-meson candidates.
The B—final-state decay labels should be interpreted
as including the charge-conjugate reaction.

FIG. 3. Mass distribution for two estimates of the
background to the B-meson candidates of I'ig. 2.
(a) D 's chosen from sidebands. The events shown are
plotted with a weight of 2 event, since there are ap-
proximately twice as many events in the sidebands as
in the D region. (b) Wrong charge combinations. The
events shown in this distribution have been scaled to
account for the difference in the number of combina-
tions leading to a wrong-sign g compared to those
leading to the correct-sign charged B.
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with the theoretical. prediction" of 4.4 MeV. The
average of charged and neutral B masses is
5272.3+ 1.5+ 2.0 MeV. This corresponds to a
mass difference LM of 32.4+ 3.0+ 4.0 MeV be-
tween the mass of the Y (4S) and twice the B-
meson mass. If the [B*,B] mass difference is- 50 MeV as expected theoretical. ly,"the Y(4S)
must decay exclusively to BB, with no contribu-
tion from B~B. Previous experimental informa-
tion on AM comes from the fact that Schamberger
et al. do not observe monochromatic photons from
B~- yB decay. " Their experiment sets an upper
limit of 50 MeV on AM. Theoretical calculations
of bM using the width and the height of the Y (4S)
fall. either above" or below' our result. Using
our measured value for 4M and the theoretical
value of 4.4 MeV for the [B',B ] mass difference,
we obtain the branching fractions B(Y(4S) -B'B )
= 0.60 + 0.02 and B(Y(4S) -B'B')= 0.40 + 0.02. We
estimate branching ratios of 4.2 + 4.2%, 13+ 9%,
2.6+ 1.9%, and 4.8+ 3.0% for reactions (1)-(4),
respectively. ""

In conclusion, we have explicitly demonstrated
the existence of the B meson through its decay
into exclusive final states and have measured its
mass

We gratefully acknowl. edge the efforts of the
CESH staff who made this work possible. We
thank H. Tye for useful discussions. This work
was supported in part by the National. Science
Foundation and the U. S. Department of Energy.

l'&Permanent address: Laboratoire de Physique
Corpusculaire, College de France, F-75231 Paris,
France.

~"&Present address: University of Oklahoma, Norman,
Okla. 73019.

l'~Present address: AIRCO Superconductors, Carter-

et, N.J. 07008.
Present address: Lawrence Berkeley Laboratory,

Berkeley, California 94720.
~'~ Permanent address: Massachusetts Institute of

Technology, Cambridge, Mass. 02139.
~ IPresent address: CERN, EP Division, CH-1211

Geneva 23, Switzerland.
&&~Present address: University of Wisconsin, Madi-

son, Wise. 53706.
'S. W. Herb et al. , Phys. Rev. Lett. 39, 252 (1977).
C. Berger et a/. , Phys. Lett. 76B, 243 (1978); C. W.

Darden et al. , Phys. Lett. 76B, 246 (1978), and 78B,
364 (1978); J. Bienlein et al. , Phys. Lett. 788, 360
(1978) ~

3D. Andrews et al. , Phys. Bev. Lett. 44, 1108 (1980);
T. Bohringer et al. , Phys. Rev. Lett. 44, 222 (1980).

4D. Andrews et a/. , Phys. Rev. Lett. 45, 219 (1980);
G. Finocchiaro et a/. , Phys. Rev. Lett. 45, 222 (1980).

C. Bebek etal. , Phys. Rev. Lett. 46, 84 (1981);
K. Chadwick et a/. , Phys. Rev. Lett. 46, 88 (1981);
L J. Sp. encer et al. , Phys. Rev. Lett. 47, 771 (1981).

6A. Brody et a/. , Phys. Rev. Lett. 48, 1070 (1982);
D. Andrews et al. , Cornell University Report No. CLNS
82/547, 1982 (to be published), p. 14; Spencer et al. ,
Ref. 5.

'M. S. Alam et al. , Phys. Rev. Lett. 49, 357 (1982).
D. Andrews et a/. , in Cornell University Report No.

CLNS 82/538 (to be published).
'M. Boos et al. (Particle Data Group), Phys. Lett.

111B, 1 (1982).
'OOur notation for neutral B''s follows the convention

used for neutral kaons, i.e., B = {bd), B = {bd).
"A. S. Artamonov et al. , Institute of Nuclear Physics,

Academy of Science of the U.S.S.R., Novosibirsk Re-
port No. 82-94 (to be published).

' E. Eichten, Phys. Rev. D 22, 1819 {1980).
'3B. D. Schamberger et al. , Phys. Bev. D 26, 720

(1982).
' M. Qronau et al. , Phys. Bev. D 25, 3100 (1982); I. I.

Bigi and S. Ono, Nucl. Phys. 8189, 229 (1981).
branching ratios are from B. H. Schindler et al. ,

Phys. Rev. D 24, 78 (1981).
'6As noted earlier, the branching ratio for reaction

{1) includes a contamination from g D~ z and
& -D "+Yt, while reaction (2) includes jg D* m+n


