Volume 209, number 1 PHYSICS LETTERS B 28 July 1988

OBSERVATION OF CHARMLESS B MESON DECAYS
ARGUS Collaboration

H. ALBRECHT, P. BOCKMANN, R. GLASER, G. HARDER, A. KRUGER, A. NIPPE,
M. SCHAFER, W. SCHMIDT-PARZEFALL, H. SCHRODER, H.D. SCHULZ, F. SEFKOW,
J. SPENGLER, R. WURTH, A. YAGIL

~ DESY, D-2000 Hamburg, Fed. Rep. Germany

R.D. APPUHN, A. DRESCHER, D. KAMP, H. KOLANOSKI, R. MANKEL, U. MATTHIESEN,
H. SCHECK, G. SCHWEDA, B. SPAAN, A. WALTHER, D. WEGENER
Institut fiir Physik ', Universitiit Dortmund, D-4600 Dortmund, Fed. Rep. Germany

J.C. GABRIEL, T. RUF, S. SCHAEL, K.R. SCHUBERT, J. STIEWE, K. STRAHL,
R. WALDI, S. WERNER
Institut fiir Hochenergiephysik 2, Universitit Heidelberg, D-6900 Heidelberg, Fed. Rep. Germany

K.W. EDWARDS 3, W.R. FRISKEN 4 D.J. GILKINSON *, D.M. GINGRICH °, H. KAPITZA 3,
R. KUTSCHKE?, D.B. MACFARLANE ¢, K.W. McLEAN ¢, A.W. NILSSON ¢, R.S. ORR %,

J.A. PARSONS 5, P.M. PATEL ¢, J.D. PRENTICE >, S.C. SEIDEL 3, J.D. SWAIN 3,

G. TSIPOLITIS ¢, T.-S. YOON *

Institute of Particle Physics ’, Canada

R. AMMAR, S. BALL, D. COPPAGE, R. DAVIS, S. KANEKAL, N. KWAK
University of Kansas 8, Lawrence, KS 66045, USA

B. BOSTJANCIC, G. KERNEL, P. KRIZAN, E. KRIZNIC
Institut J. Stefan and Oddelek za fiziko °, Univerza v Ljubljani,’ 61111 Ljubljana, Yugoslavia

L. JONSSON
Intitute of Physics '°, University of Lund, S-223 62 Lund, Sweden

A. BABAEV, M. DANILOV, B. FOMINYKH, A. GOLUTVIN, I. GORELOV, V. LUBIMOV,
V.MATVEEV, A. SEMENOV, S. SEMENOQV, V. SHEVCHENKO, V. SOLOSHENKO,

V. TCHISTILIN, I. TICHOMIROV, Yu. ZAITSEV

Institute of Theoretical and Experimental Physics, 117 259 Moscow, USSR

R. CHILDERS, C.W. DARDEN and R.C. FERNHOLZ
University of South Carolina ', Columbia, SC 29208, USA

Received 5 May 1988

0370-2693/88/% 03.50 © Elsevier Science Publishers B.V. : 119
( North-Holland Physics Publishing Division )



Volume 209, number 1

PHYSICS LETTERS B

28 July 1988

Using the ARGUS detector at the e *e™ storage ring DORIS II, we have observed charmless decays of B mesons. into the final
states ppn* and ppn*n~. The significance of the signal corresponds to more than five standard deviations. The branching ratios
are (5.2+1.4+1.9)X10~* for the three-body and (6.0+£2.0£2.2) X 10~* for the four-body final state. These decays cannot
proceed via the dominant b—c transitions, and we show that they are not the result of penguin-type processes. Thus, the observed
decays must represent b—u quark transitions. Consequently, the Kobayashi—Maskawa matrix element V,, is non-zero.

We report the first observation of charmless B me-
son decays. This measurement is based on the analy-
sis of a sample of B mesons produced in Y (4S) decays
using the ARGUS detector at the e*e™ storage ring
DORISII at DESY.

The aim of this study is to establish the existence
of weak b—u transitions. The frequency of these
transitions is described by the Kobayashi-Maskawa
matrix element V,, [1], one of the basic parameters
of the standard model. Previously, only exclusive de-
cays caused by b—c transitions have been observed
[2-4]. Upper limits for the ratio I'(b—u)/I'(b—c)
have been obtained from the analysis of inclusive
lepton spectra in semileptonic decays of B mesons
[5], from the study of the reaction B—pgv [6], and
from investigating charmless hadronic B meson de-
cays, heretofore mainly into multipion final states
[4]. A common feature of all these analyses is the
strong model dependence of the upper limits derived
for the Kobayashi-Maskawa matrix element V.
However, the observation of a charmless B meson
decay does provide evidence for a finite b—u
coupling.

Charmless B meson decays have been studied in
final states containing baryons. This is motivated by
the fact that if more of the available phase space is
absorbed as mass, larger branching ratios for low
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multiplicity channels could result. Following this line
of thought, the following decay channels *' have been
investigated:

B*—ppr*, B°-pprntn.

The available data sample consists of B mesons
produced in 96 000 Y'(4S) decays, corresponding to
an integrated luminosity of 103 pb—'. For contin-
uum studies, a sample of 49 pb—! is used, obtained at
centre-of-mass energies below the Y(4S). .

A description of the ARGUS detector and-its trig-
ger can be found in ref. [7]. Particle identification is
made on the basis of specific ionization in the drift
chamber and of time-of-flight measurements; the
likelihood ratio [8] for the p (r) hypothesis has to
be larger than 0.01 in order to accept a particle as p
(m). The probability for the sum of all ¥? contribu-
tions from particle identification of the pp system is
required to exceed 2%.

We require the B candidates to have |E(B)
—E(beam) | <205, where E(B) is the measured en-
ergy and oy the corresponding error, exploiting the
fact that B mesons produced at the Y (4S) must have
the beam energy. Typically, oy is 40 MeV and candi-
dates with an error greater than o> 60 MeV are re-
jected. For the accepted candidates, an energy
constraint fit is performed. Thereby, we effectively
measure the mass difference between M(B) and a
fixed value for M(Y(4S))/2; M(XY(4S)) is set to
10580 MeV/c? [4]. The mass resolution obtained
by this fit depends on the ARGUS momentum reso-
lution, on the DORIS beam energy spread, and on
the Y(4S) width and is estimated to be 4 MeV/c2.

Background from continuum events is reduced by
three topological cuts. First, we calculate two thrust
axes for each event: one axis for the particle contrib-
uting to the reconstructed B candidate and the other
formed by the remaining charged and neutral parti-
cles. For BB events, there is no correlation between

#! References to a specific particle state should be interpreted as
implying the charge-conjugate state also.



Volume 209, number 1

the two directions, as the B mesons are produced al-
most at rest and decay isotropically. In continuum
events, the thrust axes for the putative B candidate
and for the rest of the event are both correlated to the
true event jet axis and hence to each other. There-
fore, we require |COS Gprus: | < 0.8 where dgyr 18 the
angle between the two thrust axes.

Second, the multiplicity of charged parucles in the
remainder of the event, excluding the particles con-
tributing to the B candidate, is required to be larger
than three. This cut exploits the fact that the multi-
plicity in Y'(4S) decays is larger than in the contin-
uum. In addition, it is a precondition for the
implementation of the third cut: the Fox—Wolfram
moment H, [9] of the remaining charged and neu-
tral particles in the event has to be less than 0.3,
thereby selecting spherical events.
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Candidates which pass these cuts and have an in-
variant mass in the B mass region show a prominent
peak at 180° in the distribution of the opening angle
between proton and antiproton d,; (fig. 1a). This be-
haviour is readily understood if two-body final states,
consisting of protons and low mass baryonic reso-

nances, dominate. As an example, the J,; distribu-

tion for Monte Carlo generated B->pA, A—pr decays
shown in fig. 1b exhibits the same back-to-back peak-
ing as the B candidates. In contrast, the d,; distribu-
tion for candidates below the B mass region in Y'(4S)
sample (fig. 1d), as well as for continuum data (fig.
1c), shows a significantly less pronounced peaking at
180°. Exploiting this difference, we require cos d, <
—0.98. This cut clearly favours low pn invariant
masses.

After applying these cuts, in the mass range be-

-1.0  -0.9 -0.8 -0.7 -0.6 -0.5
cosOpp

Fig. 1. Opening angle distribution cos Opp for (a) Y (4S) data; 5.272< M50+ (n—) < 5.285 GeV/c2 (b) Monte Carlo events B-Ap. (¢)
Continuum data; 5.100< Mg+ (- <5.290 GeV/c2. (d) Y (48) data; 5.100 < My (n—y <5.260 GeV/c2
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Fig. 2. Mass distribution of B meson candidates in both channels
for Y(4S) data (points with error bars) with the fit described in
the text (full line). The dotted line corresponds to the fit to con-
tinuum data, normalized as described in the text.

tween 5.1 GeV/c? and the kinematic limit at 5.29
GeV/c?, 18% of the events contain more than one B
candidate in one of the decay channels and 7% con-
tain candidates in both channels. Only one candidate
per channel is accepted. This is achieved by choosing
the candidate with the smallest x? from the beam en-
ergy constraint fit.

The resulting mass spectrum for the Y (4S) data
(fig. 2) shows a pronounced peak in the B mass re-
gion. The shape of the background is described by the
form

diM~M 1M/ Bt explot(1 =M/ ) ] -

The first factor is derived by assuming that the back-
ground is uniformly distributed in phase space while
the exponential factor describes empirically the de-
crease of background towards lower masses using a
free parameter o. Since the level of background is
small, the results are not sensitive to the chosen form.

From a fit with a gaussian above this background
we find a signal at a mass of (5278.31x1.1+3.0)
MeV /c? with a width, consistent with expectation, of
ou=(4.211.0) MeV/c% In a £1.5 sigma region
around the B mass, we observe in total 34 events. Only
9+4 of these events can be attributed to the back-

122

PHYSICS LETTERS B

28 July 1988

N
5 MeV/c? 0)

8

4

o =T

N

5 MeV/c? b)

8

4

0 . { +

5.10 S.15 5.20 5.25 5.30
Mass [Gev/c2?]

Fig. 3. Mass distribution of B meson candidates in the decay
channels (a) B*->ppn*, (b) B°»ppnin-.

ground where the error includes a systematic contri-
bution from the uncertainty of the background shape.
The probability that the observed excess of events is
a statistical fluctuation of the background corre-
sponds to more than five standard deviations.

The sample can be divided into neutral and charged
B mesons (fig. 3). The masses obtained by separate
fits to these distributions are given in table 1. They

Table 1

Comparison of fitted mass values for B and B* in MeV/c? The
D**+nn mass values are from ref. [2], readjusted to
M(Y(4S))=10580 MeV/cZ

Mass pprt(n) D**+nn

M(B°)
M(B™)

M(B®) — M(B*)

5278.8+1.713.0
5277.8+1.2+3.0

5279.7+£1.0+3.0
5277.3+£1.3%£3.0

1.0£2.1+1.0 24+1.6%1.0
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12 - - . —T Table 2
Branching ratios for the decay channels B-pp+an and
N B-pA+nm
0.1
Br(B%-pp) <1.3%x107* (90% CL)
8 1 . Br(B*-ppr*) - (5.2+1.4+1.9)x10-*
Br(B°-pprntnT) (6.0£2.0+£2.2)x 104
-1 Br(B*-pprtrntnT) <4.7%x10~* (90% CL)
Br(B*—-pA) <8.5% 1073 (90% CL)
i Br(B®-pAn—) <2.0x10% (90% CL)
4 ’F 4 l Br(B*—pAn*t-) <1.8X107* (90% CL)
’ | l ‘ l RE analysis of the two-prong and five-prong channels is
0 0.0 ' ‘ 0.5 1o identical to the analysis described above, except that

I Cos(éthrust) |

Fig. 4. Thrust axes angle distribution |cos dyurus|, Obtained by
separate fits to mass distribution in each |cos dpru| bin. The
dashed line corresponds to the observed signal.

agree nicely with previous measurements in the de-
cay channels B-D**nn, n=1,2,3 [2]. In order to
determine branching ratios, we assume that 55% of
Y (4S) mesons decay into BYB~ pairs and 45% into
pairs of neutral B mesons. A Monte Carlo simulation
is used to calculate the geometrical acceptance. Since
the | cos st | distribution is expected to be flat, the
acceptance for the cut on the thrust axes angle is taken
to be 0.8. Fitting the invariant mass distribution in
separate bins, the angular distribution shown in fig.
4 has been determined for our data. Within the er-
rors, the data is consistent with being flat. The accep-
tance of the cut on the opening angle between proton
and antiproton is evaluated by fitting the observed
signal without this requirement. The losses due to the
other cuts are determined by the same method, tak-
ing into account possible correlations between the
different requirements. By this means we find

Br(B*-ppn*)=(5.2+1.4+1.9) X104,
Br(B°-»pprtn~)=(6.0£2.0+2.2)x10~*,

where the first is the statistical and the second the
systematic error, including a contribution intro-
duced by our assumed background function.

A comparison of these values with upper limits for
branching ratios of the decay channels B pp and
B* —pprn*n*tn~ in our data is given in table 2. The

the cut on the angle between p and p is not applied.

In general, background arises from resonant
e"e~ —-Y(45) events and from continuum e e~ -5qq
events. The continuum mass distribution (fig. 5a)
does not show any excess of events at the B mass.
Thus, the observed signal originates from Y (4S) de-
cays and cannot be faked by any background from
continuum events. Qutside the B mass region, con-
tinuum and Y'(4S) data agree in magnitude within
one standard deviation. This is shown in fig. 2 where
the continuum data are normalized according to the
ratio of luminosities taken on and off the Y'(4S) res-
onance. Thus, the background in the Y'(4S) sample
can be explained as originating mainly from nonre-
sonant e*e~—qq events, and, at least outside the en-
hancement at the B mass, the contribution from e*e—
—~Y'(4S) resonance decays must be small.

The only remaining background sources which
could conceivably produce a peak are reflections from
other B meson decay channels. Reflections may oc-
cur if particles are used with a wrong mass hypothesis
(particle misidentification) or if particles are added
to or removed from the true final state (adding or
losing particles).

Particle misidentification alone cannot explain any
kind of reflection in this analysis. The pions in the
investigated final states have momenta below 800
MeV/c and are, in general, unambiguously identi-
fied. Most of the protons have momenta above 1.5
GeV/cwhere particle identification allows at best for
a 1.5 standard deviation K—p or n-p separation on a
single track basis. However, an additional check was
made on the validity of the proton identification in
our sample of events. For this purpose, we compared

123



Volume 209, number 1 PHYSICS LETTERS B 28 July 1988
N
s—g:v/_cz q) SMeV/::: C)
8
6 10
4
2
0
N N
5 Mev/c? b) 5 MeV/c? d)
15 30
10 20
ST o bl
IVLEL A Pt o 1
Lttt B Tt | Ot g R T 2y
5.10 5.15 5.20 5.25 5.30 5.10 5.15 5:20 5.25 5.30
Mass [GeV/c?] Mass [Gev/c?]

Fig. 5. Mass distribution of ppr () combinations for (a) continuum data, (b) wrong energy candidates. The differences between the
true B meson energy and the chosen energies are =300 MeV and + 500 MeV. The mass scale is shifted accordingly. (¢) Forbidden
combinations (ppr— and ppn~n~). (d) Monte Carlo generated events with b—¢ transitions only. The number of Monte Carlo events

corresponds to 11 times the number of measured Y'(4S) events.

the properties of the proton and antiproton candi-
dates with the properties of a sample of uniquely
identified protons and antiprotons of similar mo-
menta, produced from A and A decays, respectively.
For the shower counters, comparisons were made of
both the energy deposited and the lateral shape of the
showers. Further studies were made, for the two sam-
ples, of the measured specific ionization in the drift
chamber and of data from the time of flight counters.
The response of the protons and antiprotons in the B
candidates was in all cases found to be in excellent
agreement with the observed behaviour of the A- and
A-tagged samples, respectively.

One component of the correlated background can
be eliminated from the start by recognizing that the
mass difference between protons and kaons (pions)

124

is large enough to kinematically separate related final
states where kaons (pions) are misidentified as pro-
tons. Combinations with a wrong mass assignment
do not pass the energy cut, provided everything else
is interpreted correctly. Similarly, adding or losing a
single particle is excluded as a source of reflections as
long as only one of these misinterpretations takes
place. Again, these combinations are rejected by the
energy cut.

As a consequence, only those reflections need to be
considered which have two or more simultaneous
mistakes (particle misidentification and adding or
losing particles) affecting the energy balance in dif-
ferent directions and fulfilling the energy constraint,
thereby producing a peak at the expected mass with
the expected narrow width.
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An estimate of these background contributions can
be obtained by intentionally using wrong B meson
energies and, correspondingly, wrong B meson masses
in the analysis. The mass distribution obtained by this
procedure does not show any peak at the assumed B
mass (fig. 5b). This method overestimates the back-
ground because reflections show up more easily at
wrong energies: particle misidentification alone or
adding or losing a particle alone may fulfil the energy
constraint, in contrast to reflections at the correct
energy.

Background from B meson decays into charmed fi-
nal states is estimated by the following method: a
search for decays of the particles D*, D% DF, and A,
has been performed by analysing invariant mass dis-
tributions of all meaningful particle combinations.
These combinations are obtained by assigning all al-
lowed mass hypotheses to all particles in the ob-
served final states. Searches were made for both
Cabibbo-allowed and suppressed charmed particle
decays, and for the decays of A or K? with unde-
tected decay vertices. In total, only one candidate is
consistent with originating from charmed particle
decays. As it appears in the Cabibbo-suppressed de-
cay mode A.—pntr, it can be readily interpreted as
an accidental combination.

Most reflections are expected to be visible in com-
binations, such as ppn—, which are forbidden by bar-
yon number conservation. These should occur at a
rate comparable with, if not larger than, that for the
allowed channels. However, no enhancement is ob-
served in the B mass region for forbidden combina-
tions in the Y'(4S) data sample (fig. 5¢).

Finally, the same analysis repeated for 2.1 106
Monte Carlo B decays, generated via b—c transitions
alone, does not show an enhancement at the B mass
in the charmless final states (fig. 5d). Normalized to
the data, this contribution corresponds to at most one
entry per bin. The Monte Carlo generator has been
carefully adjusted to reproduce all known inclusive
and exclusive branching ratios of B meson decays.
There are some special charm decay channels which
can occasionally produce a narrow reflection in the
B-mass region. However, the contribution of all such
channels is much too small to fake the observed sig-
nal. In summary, there is no indication for any back-
ground source which could be responsible for a peak
at the B mass, in particular for a peak with the ob-
served narrow width.
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It is conceivable that the observed decay channels
B+ —ppr* and B> pprTxr~ are due to penguin-type
loop diagrams [10]. Contributions of such diagrams
are expected to be small. Moreover, the observed de-
cays should be suppressed relative to channels con-
taining strangeness in the final state by a factor | V,,/
Vial% Therefore, we investigate analogous decay
modes with a strange baryon in the final state. Using
the same requirements as described above, except the
cut in the angle between the baryons, we find no sig-
nal in the decay channels B°-»pAn~ and B*—
pAntr— (table 2) which leads to an upper limit

Br(B—pAn—(n*))
Br(B-ppr—(n*))

Corresponding channels with a X° instead of a A are
experimentally not accessible. Any reasonable as-
sumption about the relative A/Z° rate, however, leads
to the conclusion that loop diagram contributions are
at least one order of magnitude too small to account
for the signal in the decays B—ppr™ (rn—).

Therefore, we find that the only viable interpreta-
tion of our observation is to attribute these decays to
b—u transitions. Estimates of the inclusive baryon
rate in B decays have been made [11] but these are
not sufficient to allow for a quantitative statement
about the strength of the b—u coupling. However, we
can conclude these charmless decay modes represent
the first evidence that the Kobayashi-Maskawa ma-
trix V', is non-zero. This, in itself, is a significant dis-
covery, with wide implications for the standard model
explanation of CP violation.

<04 (90%CL).
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