Fermi National Accelerator Laboratory

FERMILAB-Pub-96/388-E

E687

Observation of the Vector Meson Cabibbo Suppressed Decay
D'op’uv

P.L. Frabetti et al.
The E687 Collaboration

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, Illinois 60510

October 1996

Submitted to Physics Letters B

# Operated by Universities Research Association Inc. under Contract No. DE-AC02-76 CH0O3000 with the United States Department of Energy



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their emplovees. makes any
warranty, express or implied. or assumes any legal liabilitv or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product, process or service
by trade name, trademark. manufacturer or otherwise, does not necessarily constitute or imply its
endorsement, recommendation or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.

Distribution

Approved for public release: further dissemination unlimited.



Observation of the Vector Meson Cabibbo Suppressed Decay

Dt > QO#+V

E687 Collaboration

P. L. Frabetti

Dip. di Fisica dell'Universita and INFN - Bologna, I-40126 Bologna, Italy

H. W. K. Cheungfa]. J. P. Cumalat. C. Dallapiccola(b], J. F. Ginkel, W. E. Johns|c].
M. S. Nehring[d]

University of Colorado, Boulder, CO 80309, USA

J. N. Butler, S. Cihangir. I. Gaines, P. H. Garbincius. L. Garren. S. A. Gourlay.
D. J. Harding, P. Kasper. A. Kreymer. P. Lebrun, S. Shukla. M. Vittone

Fermilab. Batavia. IL 60510, USA

S. Bianco. F. L. Fabbri. S. Sarwar. A. Zallo

Laboratori Nazionali di Frascati dell'INFN, 1-00044 Frascati, Italy

R. Culbertsonfe]. R. W. Gardner[f]. R. Greene[g]. J. Wiss

University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

G. Alimonti, G. Bellini. M. Boschini. D. Brambilla, B. Caccianiga. L. Cinquini[h].
M. Di Corato, M. Giammarchi. P. Inzani. F. Leveraro, S. Malvezzi, D. Menasce.
E. Meroni. L. Moroni. D. Pedrini, L. Perasso. F. Prelz. A. Sala. S. Sala.

D. Torrettala)

Dip. di Fisica dell'Universita and INFN - Milano. [-20133 Milan, Italy



D. Buchholz. D. Claes[i]. B. Gobbi, B. O'Reilly[h]

Northwestern University, Evanston, IL 60208, USA

J. M. Bishop, N. M. Cason. C'. J. Kennedy[j], G. N. Kim[k]. T. F. Lin.
D. L. Puseljic[j]. R. C. Ruchti. W. D. Shephard, J. A. Swiatek[l], Z. Y. Wu[m]
University of Notre Dame, Notre Dame, IN 46556, USA
V. Arena, G. Boca, C. Castoldi. G. Gianini, S. P. Ratti. C. Riccardi. L. Viola.
P. Vitulo

Dip. di Fisica Nucleare e Teorica dell'Universitad and INFN - Pavia. [-27100 Pavia, Italy
A. Lopez. University of Puerto Rico at Mayaguez. Puerto Rico
G. P. Grim. V. S. Paolone. P. M. Yager. University of California-Davis, Davis, CA 95616. USA
J. R. Wilson. University of South Carolina. Columbia. SC 29208, USA
P. D. Sheldon. Vanderbilt University, Nashville, TN 37235, USA
F. Davenport. University of North Carolina-Asheville, Asheville. NC 28804, USA

K. Danyo[n]. T. Handler University of Tennessee, Knoxville, TN 37996, USA

B. G. Cheon. J. S. Kang, K. Y. Kim

Korea University, Seoul 136-701, Korea

We report on the first statistically significant observation of the vector meson Cabibbo
suppressed semileptonic decay Dt — p%uTv. We measure the branching ratio of the

. =0
decay mode Dt — o%uTv with respect to the decay mode DT — & utv to be

BR (DY —¢"u*v)
BR (D+—K """ u+y)

= 0.079 = 0.019 (stat) % 0.013 (syst) . Data were collected by

Fermilab photoproduction experiment E687.
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There continue to be few experimental data on Cabibbo suppressed charm
semileptonic decays. Evidence for the scalar decays D° — z=[*v and D — #%*y
has been reported by the E637 [1]. CLEO [2][3] and MARK III [4] collaborations.
Up to now, the only evidence of Cabibbo suppressed vector meson decay was re-

ported by the E653 [5] collaboration. which observed a signal of 4.0725 + 1.3 events

BR (D+~gou+u)
BR (D+—K Cutu)

in the decay mode D¥ — o°u*v and measured the branching ratio
= 0.04470935 £ 0.014 [6]. When large statistical samples become available, Cabibbo
suppressed semileptonic decays will be used to compare the structure of the hadronic
current to the Cabibbo favored case. Also. if the theoretical knowledge of the hadronic
form factors is improved, such decays will present the best tool to measure the CKM
matrix element V.. In this paper we report on the observation of the Cabibbo
suppressed vector meson semileptonic decay Dt — o°utv. in data collected by ex-
periment E687.

E687 is a high energy photoproduction experiment at the Fermi National Ac-
celerator Laboratory whose goal is the study of charm particle physics. The E6387
beamline and spectrometer are described in detail elsewhere [7][8]. Briefly, charm
particles were produced by a photon beam of average tagged energy ~ 220 GeV
interacting on a ~ 4 ¢m Bervllium target. The charged products of the charm de-
cays were tracked through twelve planes of silicon microstrip detectors (organized
in four stations) and twenty planes of multi-wire proportional chambers (grouped in
five stations). Charged particle momentum was determined from the track bending
in the fields of two large magnets operated with opposite polarities. Charged parti-
cle identification was provided by a system of three Cerenkov detectors working in
threshold mode. Muons were detected in the downstream end of the spectrometer
by a system of three scintillator arrays and four proportional tube planes; shielding

was provided by the upstream detectors (mainly the inner electromagnetic and the



hadronic calorimeters) and two blocks of steel. This analvsis is based on the full data
sample collected during the 1990 and 1991 Fermilab fixed target runs.

We reconstructed decay candidates of the form D* — h™u*v. h™ — h™hT.
where h™ is a resonant vector meson decaying into two bodies: 70(89‘2) — KN—=*
or ¢°(770) — 7 =% (throughout this paper, charged conjugate states are implicitly
assumed). A combination of three charged tracks of the form (A=A )u* was selected
and required to originate from a common point in space (the DT decay vertex) with
a confidence level greater than 1%. The muon candidate u* was required to be iden-
tified by the muon detector and was not compatible with being either a kaon or a
proton in the Cerenkov counters. The opposite-sign hadron A~ was required to be
identified as kaon definite or kaon/proton ambiguous for D* — Fo;ﬁ'u candidates.
and as pion definite or pion/electron ambiguous for D* — T v candidates [9].
The like-sign hadron h* = 7t was more loosely required not to be identified as kaon
or proton for both decays. We used all the tracks reconstructed in the silicon mi-
crovertex (excluding those already assigned to the secondary vertex) to form all the
possible vertices of the event with a confidence level greater than 1%: we then chose
the primary vertex to be the highest multiplicity vertex within the target region. In
order to reduce contamination from D} semileptonic decays. we exploited the longer
lifetime of the D* and required a large significance of separation between the primary
and the secondary vertex: L/o; > 20 [10]. We also constrained the secondary ver-
tex to be outside the target region: besides helping to reduce contamination from D}
semileptonic decays, this requirement proved very effective in suppressing background
from misidentified charm hadronic decays (discussed in further detail later). Back-
ground from higher multiplicity semileptonic decays was suppressed by requiring the
confidence level that any other track in the event (i.e. a track not already assigned

to the primary or secondary vertex) originate from the secondary vertex be less than



1%. For both the D — Fx0;1+u and DY — o°utv decay candidates, we plotted
the two-hadron invariant mass M(h~h*) and looked for a signal at the mass of the
parent vector meson: A (892) or 0°(770).

We found that the background to the M{h™h™) invariant mass distribution is ad-
equately described by a combination of three sources: other Dt and DY semileptonic
decays involving two pions. semileptonic decays of D° produced in D** decays. and
charm hadronic decays.

Both DT and DY mesons decay semileptonically into several final states con-
taining two oppositely charged pions. which can therefore affect the M (7~ 7%) mass
distribution of D* — ¢°uTv candidates. Table I lists the decayvs which were con-
sidered in this analysis. Of all the background channels. the only ones which have

been experimentally observed are those of DY into 7(547) and 7’(958), for which
CLEO measured the branching ratios [11]: BRIDI=n'etv) _ (43 4 0.11 + 0.07
- & ' BR(D}—oety) T s ’ ’
+ . .
and %}:M = 1.24 £ 0.12 £ 0.15. Contamination from these decays was re-
(DY —oet v) v

duced by computing the invariant mass of the three charged daughters of the de-
cay and requiring 1.2 < M(7s" 7 %) < 1.8 GeV/c* for Dt — o°u*v candidates.
1.0 < M(K~wtut) < 1.8 GeV/c® for DY — Kyt v candidates. Monte Carlo stud-
ies showed that this requirement almost completely removes any contribution from
D*. D} — p'u*v. ' — X, while suppressing contributions from D*, Dt — puty
and DT — &%t v. The D} decays. which have shorter lifetime than the D+ decays.
are further suppressed by the out-of-target and L/o; > 20 requirements.

D° pseudoscalar semileptonic decays originating from an excited D**. such as
Dt — D+, D° - K=p*v and D** — Dzt D° — z= 4ty | can also be a source
of background if the soft pion from the D™t is erroneously assigned to the secondary

vertex. We found that these contributions can be completely eliminated by imposing

a lower limit on the invariant mass difference M (A= %)= M(h=p*) > 0.25 GeV/ 2.



Finally. contamination from charm hadronic decays. where one of the hadrons
1s misidentified as a muon. was estimated with the following technique. We ran the
analysis algorithm on a subsample of the full data set, with identification requirements
on the “u™" prong exactly opposite to our standard muon identification. Each entry in
the histogram was weighted according to the momentum-dependent misidentification
probability. The level of misidentification background was then boosted by the ratio of
the charm yield in the total data sample relative to the charm vield in the subsample
considered.

In Figures 1 and 2 we show (as solid points) the invariant mass distributions
M(K~z%)and M(rx~7*%) for D* — F‘Op*’y and DT — o°u*v candidates, respec-
tively, after all the analysis cuts are applied. To fit the data histograms, we used
a binned marimum likelihood technique. For either the Dt — /_\"U,u*’l/ or Dt —

0°uT v decay, the likelihood function was defined as:

where:

s; = number of events in bin ¢ of data histogram,

n; = number of events in bin ¢ of fit histogram .
The fit histogram was composed of the following contributions: a signal term
(D* — K%u*v or DY — 0°utv). with shape given by the Monte Carlo {12] and
with the yield as a fit parameter: several terms for the charm semileptonic back-
grounds with shapes given by the Monte Carlo. and amplitudes which were estimated
with various techniques and then fixed in the fit; a term for the misidentified hadronic
background, modelled with the technique described above and then fixed in the fit.
Since the experimental conditions changed slightly between the 1990 and the 1991

runs. we performed separate fits for the two periods, and then combined the results



as independent samples.

=0 .
In the DY — K utv case. the fit histogram was constructed as:
n, = )’}\-.WS“ + MSQZ' .

where Yj.,, is the DT — ]_\'"O;ﬁz/ vield (the only parameter of the fit). Sy; is the
corresponding normalized Monte Carlo shape, and M Sj; is the amount of background
from hadron/muon misidentification (for each histogram bin ). The two components
of the fit to the data histogram are shown in Figure 1 with different hatching styles.
The combined 1990+1991 vield for D* — To;ﬁ't/ was estimated to be Yx.,, =
443 £ 22 events.

In the D¥ — o°utv case. the fit histogram was constructed as:

ni = Yo Su+ M Sy + Y., Sa

K*uv

BR(y — x*777) e(quv. 7+n7)

b
41

e |
TR T BR(p — mtrmn0) e(puv. e 70)

.\ Yaru 1 .
e(buv. K-K+)BR(o — K-K+)

{ A [ BR(y' — +0°) e(n'utv. 40°) 52,
+ BR(y' — px*=7) e(n'pFv. prtaT) S

+ BR(n' — n7°7°%) BR(y — 5¥777°) e(p'utv. n=°7% 7772 S5,
+ BR(y = nx°z°) BR(n — x¥774) e(n'uv. pr’s° 7ta74) SY
+B- | BR(y — 7777 7°) e(putv. 777770 S2

+ BR(n — =ntn77) e(nutv, mta"~) S ] }

where: Y, is the fitted yield for D* — o%utv: M is the background from

.. o : . Yyer , :
misidentified hadronic decays: Yj. 6 = 6(}1\‘.,:;) e(K™pv — ppv) is the background

——=0 . .. e .
from D — K utv events where the kaon is misidentified as a pion by the

Cerenkov counters: Y, . is the fitted yield for D¥ — nputv. n — 7727 7% and all

—
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the other terms (from the third line on) represent the residual contamination from

the decays D} — nuv. DY — n’pr. which was estimated using the branching ratios

+ i
A = BRDe—nely) g B = BRIDI=ney) 1 scired by CLEO (11 . and reconstruct-
BR(D] ) BR(Df —oetv) 2

—pety

ing the decay DY — ouv from E687 data [14][15]. (In the above formula, € denotes

Dt — o°u* v histogram was defined as:

L. {#bﬂ} - [A;AH < cop =3 [Mr}

i1 Sq. T4, 2 T8,

F

to allow the two ratios JA. B to fluctuate within the error around their measured values
Ag. Bs. L depends on four fitting parameters: Y,,,. ¥;,,. A and B. The various
components of the fit are shown in Figure 2 (a)-(b) with different hatching stvles.
and the corresponding vields are reported in Table II. In particular, the combined
199041991 yield returned for D* — o%utv is Y,,, = 39 £ 9 events. Because of our
low reconstruction efficiency for photons. we could not distinguish the decay Dt —
o°utv from the decay DY — n/utv. n' — 0% the fitted vield for D* — %4ty must
therefore be considered in an inclusive sense.

In Figures 3 (a)-(b) we compare the surviving yield as a function of the L/o;
cut between the reconstructed data sample and the generated Monte Carlo sample.
for both Dt — To/ﬁu and Dt — 9°u*v candidates: the good agreement between
the two sets of points is a confirmation that the observed signals behave with the
expected D lifetime [16].

We used the fitted yields and the Monte Carlo computed efficiencies to measure
the ratio of the branching ratios for the two decay channels D* — o°u*v and Dt —
TOIU_*_I/. Combining the 1990 and 1991 results as a weighted average. we found:

BR (D" — o%utv) Youu/e(opv)

= BR(K
BR(D* > K utw)  Vaew dKopw. ke — K=rt) DA

0

— K 7t)

= 0.079 £ 0.019.

o



where again the decay mode at numerator must be considered in an inclusive
sense [17]. The quoted statistical error in the branching ratio includes the effect
of correlation between the D¥ — K u*v and D+ — o%ut v fitted vields.

Several analysis techniques were used to evaluate a possible bias in our measure-
ment (we notice that, because of the nearly identical topology of the two decays
Dt — %ty and DT — ]_\'xo;ﬁl/. most of the systematic uncertainty should can-
cel out when the ratio of the modes i1s taken). We found that the major source of
systematic uncertainty originated from our choice of the technique used to fit the
data histograms. In order to estimate this error. we performed several reasonable
variations of the fitting process: we changed the bin size of the data histograms.
we tried different mass ranges for the fit, we used different parametrizations for the
background, and finally we let the hadron/muon misidentification background vary
freely, instead of fixing it in the fit [18]. By statistically combining the results from
the different fit variants. we computed a systematic uncertainty of 16.5%. In order to
investigate possible bias originating from specific analysis cuts. we divided the total
data sample into two approximately equal, statistically independent subsamples. be-
low and above a particular value of the cut. We performed the measurement for the
two independent subsamples. and compared the results to the value obtained with
the total data sample. All the split sample measurements were consistent with the
quoted value, thus giving no indication of systematic uncertainty from the particular
choice of analysis conditions. Finally, we included a conservative systematic error of
2.5% on the branching ratio due to Cerenkov identification. All sources of systematic
error were combined incoherently to obtain the total systematic error of 16.7%.

In conclusion, we reported the first statistically significant observation of the
vector meson Cabibbo suppressed semileptonic decay Dt — o°uTv. We measured

the following ratio of branching ratios of the decay mode D* — °u*v (4~ ) with



=0
respect to the decay mode Dt — K "putu:

BR (D* — o°u*v)
BR (Dt — T0u+y)

= 0.079 + 0.019 (stat) % 0.013 (syst) .

In the future, larger samples will allow the measurement of the hadronic form factors
involved in this decay and comparison to those of the ("abibbo-favored decay D* —
To/ﬁz/.

We wish to acknowledge the assistance of the staffs of the Fermi National Acceler-
ator Laboratory, the INFN of Italy. and the physics departments of the collaborating
institutions. This research was supported in part by the National Science Foundation.
the U.S. Department of Energyv. the Italian Istituto Nazionale di Fisica Nucleare and
Ministero dell’Universita e della Ricerca Scientifica e Tecnologica. and the Korean

Science and Engineering Foundation.
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TABLES

TABLE I.  Relative reconstruction efficiencies™ for some D*. D} semileptonic decays

Decay Dt Dt
F‘D;ﬁl/ 1.35

oty 1

F‘Ou"'v, K /7 misid 0.04

nutv. n—wtr 7Y 0.26 0.11
nutv. np—atey 0.50 0.17
nutv, n — ~o° 1.00 0.40
nutv, n —nrta=, n— X ~ 1073 ~ 1073
nutv. ' — nr%7° np — ot 70 ~ 1073 ~ 1073
nutv. nf — grx° n— 2tz —4 0.03 0.02
Luty, SO — atr- g0 0.31

t For each decay channel. we quote the global reconstruction efficiency relative to
the mode Dt — p%u*w. after all the analysis cuts are applied (the average between
the 1990 and 1991 runs is taken). The difference in efficiency is due primarily to the

mass cuts (D¥ and D7 modes) and the detachment cut (D} modes).

11



TABLE II. Yields of different fit components

decay 1990 1991 90491

Dt — Kt 228.8 4+ 16.2 214.2 £ 15.3 443.0 £22.3
DT — Outu 16.1+6.5 23.0 £ 6.3 392+ 9.0
D* — R u*v. K/7 misid 79+1.0 6.24 0.9 1414 1.3
DY —ny'uTv, ' — 40° 2.1+£09 1.8+ 0.6 12+ 1.1
Df —putv. np— 7t r0 1.6 £ 0.4 1.2+0.3 28105
DY —qputv. n— atn 0.540.1 0.440.1 0.9+0.1
DY —puty, n -tz =° 3.0+ 23 3.7+2.1 6.7+ 3.1
DY —putv, n —atr~ 1.1+0.9 1.6 £0.9 27+1.3
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O 5 7zt7r 7% can also contaminate the

Background from DT — %y, w
M(z*#~) distribution in the region between the partially reconstructed n —
7t7~ 7% and the o°. Unfortunatelv. this source of contamination could not be
estimated a priori. since the decay has never been observed. Because of the in-
variant mass cuts. the reconstruction efficiency for D* — %u* v is about three
times lower than for D* — o%u*v. In Figure 2, a large «° contamination is
not apparent. However. it was not possible to make a precise estimate of the
contamination. since we could not fit to the broad M(x"#~) mass peak from

0 +

«w? — 77~ 7% Eventually. the effect of this source of background was included

in our fit variant systematic error (see footnote [18]).

E687 Collab.. P. L. Frabetti et al.. Phys. Lett. B 323 (1994) 459.

: : . : + g0 .
The ratio of branching fractions ZEEZ=2479) {enends on the n — 5’ mix-

BR(D*—n'utv)
ing angle. Assuming a mixing angle of —20°, Scora and Isgur [19] estimated

BR(D+ —n'u+ . . . ) .
B—R((m——}‘:ml:l) = 0.24, which would imply a correction to our quoted branching

. BR(D*—n'pty) ! ~ 0y __ =C
ratio of BRDT =070 BR(n — ~0°) =T%

In particular, one of the fit variants performed was a fit to the M (7~ # %) distribu-
tion in the mass range 0.5~ 1.75 GeV/c?, which used a linear background to sim-
ulate possible contamination from partially reconstructed decayvs Dt — Outy.
This technique allowed us to include the effects of possible low dipion mass back-

grounds as part of a controllable svstematic error.

D. Scora and N. Isgur. CEBAF-TH-94-14. HEP-PH-9503486 (1994) 72.



FIGURES

FIG. 1. M(K~#1) invariant mass reconstructed from Dt — T°u*v decay candi-
dates (1990 and 1991 data are combined). The points are the data. the solid line is the

total fit. the various fit components are represented with different hatching styles.

FIG. 2. M(x~#%) invariant mass reconstructed from Dt — p°u* v decay candidates
(1990 and 1991 data are combined). The points are the data, the solid line is the total fit. the
various fit components are represented with different hatching stvles. The fit components

are shown in two separate histograms for better presentation.

FIG. 3. Surviving yield as a function of the L/op cut for D* — F"Op*u (a) and
D* — o°uFv (b) reconstructed decay candidates. In both cases. the data points (black)
match well the lifetime evolution expected from a Dt Monte Carlo signal (white). The two

sets of points are normalized at L/o; > 20.
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FIG. 3. Surviving yield as a function of the L/o cut for D¥ — ?’O;ﬁ'u (a) and

D* — o%*v (b) reconstructed decay candidates. In both cases, the data points (black)

match well the lifetime evolution expected from a D+ Monte Carlo signal (white). The two

sets of points are normalized at L/or > 20.
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