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ABSTRACT

The measurement of 12 D° and 10 Di exclusive branching ratios are presented.

The analysis is based on 608 spatially resolved charm particle decays produced in
360 GeV/c 7 p and 400 GeV/c pp interactions.



1. Introduction

In this paper we report on the measurement of exclusive hadronic branching ratios
of the charm D mesons produced in 7~ p interactions at 360 GeV/c and proton proton
interactions at 400 GeV/c. The data have been collected in the experiment NA27 at the
CERN SPS using the European Hybrid Spectrometer (EHS) [1]. The experimental set-up
has been described in detail elsewhere [2]. We report briefly the main characteristics of the

apparatus which are used in the following analysis:

- the high resolution rapid cycling bubble chamber (LEBC {2}) provides the proton target
and the vertex detector with bubble diameter 17 um and bubble density of 80/cm;

- a large angle multiparticle spectrometer situated downstream of the bubble chamber
provides momentum measurement for charged particles with an accuracy of 0.8% over

the momentum range 0.5 to 150 Gev/c;

- the pictorial large volume drift chamber ISIS[3] provides the charged particle
identification by ionization sampling. The combination of ionization and momentum

measurements is used to derive a probability for any given mass assignment;

- the detection of electrons and photons is provided by two lead glass electromagnetic
calorimeters (IGD and FGD [1],{4]).

265,000 x— p interactions and 1,015,000 pp interactions in the fiducial volume were
observed. The selection procedure described in [5] yields a charm sample of 114 events
containing 183 charm decays from x~ p interactions, and of 324 events with 425 charm
decays from pp interactions. We label Cn and Vn respectively the decays of charged and
neutral particles into n charged decay products.



2. Sample reduction

We restrict the analysis to the events in the charm sample fulfilling the following

requirements:
- the decay vertex is not obscured within 7um [6] by a track from primary interaction;
- all charged decay products are reconstructed in the spectrometer;

- in the V2 sample, one decay charged particle has transverse momentum greater than
250 MeV/e;

- the decay is inside a cylinder of radius R centered around the incident beam particle
("charm box” see {2]);

- the decay length is less than L and greater than /, where L and [ are defined in Tab. 1;

- similarly the minimum impact parameter (see Fig. 1 for definition) is greater than ¢,

and the maximum is less than T and greater than 7T'.

These cuts guarantee high detection efficiency and clear topology definition. They
essentially remove the contamination from nuclear interactions, strange particle decays,
and short-lived charm particles such as A, or D,. The following analysis is limited to the
V2 and V4 samples for D? and to the C3 sample for D*. The C1 sample is ignored since
the systematic detection uncertainty is not well understood. The C5 and V6 topologies are

ignored (poor statistics information).

The strange particle background in our V2 sample, due to a wrong association of a
track between the bubble chamber and the spectrometer [2] giving an apparent transverse
momentum greater than 250 MeV /¢ is of the order of 2%. For C3 and V' 4 this contamination
is completely negligible. For the C3 sample we analyzed by Mante-Carlo the effects of our
cuts in eliminating A,. Using the production properties {5] and the lifetime of A, measured

by our experiment [7], we estimate at most that the A, contamination in the C3 sample is

5%.

This selection yields a sample of 106 V2, 68 C3 and 34 V4 decays (see Tab. 2).



3. Mean decay multiplicities.

We first consider decay multiplicities for charged and neutral D mesons. Fig. 2.a,b,c
show the distributions of Piy,az, the maximum transverse momentum of the charged decay
products with respect to the parent particle for V2,C3 and V4, respectively (decays with
good 3C fits, i.e. no missing neutrals, were excluded). It turns out that the shape of these
distributions depends on the number of unseen neutral products but not on the identity of
these decay products. A maximum likelihood fit(7] to the data, using phase space Monte-
Carlo distributions and taking into account the 3C fit decays, gives the following mean
decay multiplicities:

34102 in V2
41402 in C3
46137 inv4
The errors include uncertainties due to final state interaction, like p and K * resonances, as

well as the presence of semileptonic decays.

4. Exclusive branching ratios

We first consider exclusive branching ratios to all charged final states for D° and D=,

We require a unique three constraint (3C) kinematic fit. In Tab. 3 we give the pumber of
these fits obtained for each decay mode. They yield:*

BRD 2 Kr) o oiao
B.R.(D° — 2 charged)

B.R.(D° — x—x+)
B.R.(D° — 2 charged)

B.R.(D°— K-x~x+x+)
B.R.(D° — 4 charged)
B.R.(D° = x—x—x+x+)
B.R.(D° — 4 charged)

= 38.2112-0%

=2.9185%

* In all the analysis the statistical errors correspond to a symmetric confidence interval

of 68% evaluated using the binomial distribution.



B.R.(D* - K-xt+x+)
B.R.(D+ — 3 charged)
B.R.(D+ -+ K~K+x+) — 1.5+830
B.R.(D+ — 3 charged) —0.4
where the corrections due to the selection criteria are taken into account. The errors include

11.815-3%

statistical and systematic uncertainties. Combining these results with the topological
branching ratios given in [7):

B.R.(D° — 2 charged) = 0.69 + 0.04

B.R.(D° — 4 charged) = 0.17 + 0.03

B.R.(D% — 3 charged) = 0.52 + 0.09
we finally obtain the exclusive absolute branching ratios listed in Tab. 3.

To evaluate the branching ratios for decay modes involving neutral products we use
a different approach not related to kinematic fits, since the neutral particles are detected
with low efficiency in this experiment. The following invariant quantity is evaluated:

Mom = mi+m] — 2m,\/m? + p?

where m; is the mass of the incident charm particle, m, the effective mass of the charged
final state and p, the transverse momentum of this system. The value of m3 mStrongly
depends on the number of unseen neutral products,as can be seen in Fig. 3a. This allows
to discriminate statistically between decays with one or more than one neutral product.

From the cumulative distributions we can define a discriminating value m32

Theut and a
probability (p). A decay is attributed one or more than one missing neutral particle, with
probability p, when mz,mis lower or greater than m?

o

Hcut {5])[913 respectively. The mg-"n cut
and p are evaluated by simulating decays for different topologies (see Tab. 4).

To evaluate mg,mwe need to identify the charged decay products. A particle is defined
as uniquely identified by ISIS if the probability of one mass hypothesis is greater than
5%, the others being less than 5% [2]. The systematic error introduced by this criterium is
~ 5%. We restrict our analysis to decays in the V2 and C3 samples satisfying the following
additional requirements:

- in the V'2 sample, both charged particles must be uniquely identified;

- in the C3 sample, the particle with opposite charge to the parent particle must be
uniquely identified.

We assume that the contribution of Cabibbo suppressed decay modes (expected to be of
the order of 5%) is small compared to the statistical uncertainties, and can be neglected.



We observed 7 semielectronic decays (e.g. with a track uniquely identified as electron by
ISIS), 4 V2 and 3 C3. Monte-Carlo simulations show that the semielectronic decays can
be treated as the hadronic ones in the m32_ analysis, thus we include them in the sample.
Tab. 5 gives the characteristics of the selected samples, and Fig. 4.a,b,c,d the experimental
m?2, distributions for V2 K~x+, V2 x+x—,C3 K—x+x*, and C3 x~x+x~+ respectively.

Particle identification in NA27 has a poor discriminating power for muons versus
pions. There are no reported data at present [8] on D meson exclusive B.R. in semimuonic
final states. Assuming electron-muon universality, the number of semileptonic decays in
muons must be equal to the number of observed semielectronic decays with identical decay
multiplicities. One can therefore correct for muon contamination in hadronic decay modes.

Once all the corrections are taken into account, one finds:

B.R.(D° — K~x*x°)

B.R.(D° — 2 charged)

B.R(D°— K-x+ + 23 x°)
B.R.(D° — 2 charged)

=15.4153%

= 30.3+107%

B.R.(D° — K-etv)
B.R.(D° — 2 charged)
B.R.(D°— K—etv+1,27°)
B.R.(D° — 2 charged)

<6.8% (90% C.L.)

=3.2753%

B.R(D*— Kox=n%) _, ine

B.R.(D° — 2 charged) ~ —*°

B.R.(D° — Kex~xt 4+ 1+ 2x°)
B.R(D° — 2 charged)

= 1531103

B.R.(D°— x—etv)
B.R.(D° — 2 charged)
B.R(D° — Kex—etv)
B.R.(D° — 2 charged)

<1.3% (90% C.L.)

=11.530-9%

B.R.(Dt —» K—x*x—x°)

— 4 9+89
B.R.(D+ — 3 charged) 42713%

B.R.(Dt = K~x*txtxox°)
=4.2133%

B.R.(D+ — 3 charged)

B.R.(D+ — K-etxtv)
B.R.(D+ — 3 charged)
BR(Dt - K—etxtpxo
( eTRTIYY ) = Bstgg%
B.R.(D+ — 3 charged) '

<9.2% (90% C.L.)




B.R.(D+ — Kox—xtxt)

B.R.(D* — 3 charged)
B.R{D* — Kex—x+x+x°)

B.R.(D+ — 3 charged)

B.R.(Dt — x—etxty)
B.R.(D+ — 3 charged)
B.R(D+ — Kox—etxty)

B.R{D+ — 3 charged)
Using the topological branching ratios {7] given above, one finds the branching ratios listed
in Tab. 6. In this reduced sample there are some decays with no neutral products and the

corresponding branching ratios are consistent with the result obtained previously using the

= 45.81712:1%

=8.3133%

<9.2% (90% C.L.)

=4.21583%

information of the kinematic fits.

From the results of Tab. 5 we can also evaluate the decay multiplicities in the V2
and C3 samples. The results are in agreement with the values obtained in the maximum

transverse momentum analysis.

We can also give an estimation of inclusive D mesons branching ratios in kaon and
electron to be compared with the result of the statistical analysis [7}(see Tab. 7). The two

methods give consistent results.

In conclusion we have presented results on exclusive branching ratios for 12 decay
modes of the D?, and 10 decay modes of the D=. Our results cover the 68% of the D°
decay modes and the 47% of the D* and they are summarized in Tab. 8. For comparison,
we reproduce in Tab. 9 the results obtained by MARK 1II on the same final states[11]. The

two sets of data are in good agreement.
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TABLE CAPTIONS

Tab. 1 Topology dependent cuts applied to select the sample.
Tab., 2 Sample reduction.
Tab. 3 Branching ratios for 3C fit final statas.

Tab. 4 For a given mass assignment to the charged system a decay is supposed to have one

or more than one neutral missing with probability p when its m:m is lower or

greater than m>

omcut’
Tab. 5 Selection of events for m:m analysis.
Tab. &6 Number of events for decay modes involving neutrals and the corresponding branching ratios.
Tab, 7 Comparison of inclusive B.R. obtained in the present analysis and the analogous resuit

obtained using a different method [7].

Tab. 8 Exclusive branching ratios in the experiment NA27.

Tab. 9 Comparison of result with MARK 11l data [11].
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Table 1

Top. R L > lenght > [ T>Ymae>T Ymin >t
(mm) {cmn) {um) {pm)
V2 0.2 3.0 0.1 500 25 7
C3 2.0 - 0.1 2000 80 7
V4 2.0 — 0.1 1500 25 7
Table 2
Topology | Full sample | All charged | Inside cuts
hybridized

V2 244 191 106

C3 185 103 68

V4 74 45 34
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Table 3
Decay mode n° of fits B.R.
%
D*— K=x+ 7 4012102
Do — x-x+ 1 0.5%32+0.04
Do K—x—xtxt 13 65117119
Do s x—x—xtxt 1 05%1+01
D+ - K-xtxt 8 63115+ 1.1
D+~ K-K+x+ 1 08%1T+0.1
Table 4
Charged system LSV P
(Gev?/c?) %
K-n+ 0.25 80
r—x+ 0.65 80
K-xtxt 0.15 85
xxtxt 0.55 85
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Table 5
Events 3C Requiring Charged Single | Multi-
selected fits neutrals mass neutral |neutral
K—x+ 6 9
1K-xt
K-—et 0 1
30 28
x—x+t 3 8
l1x—xt
x—et 0 3
K-xtxt 1 3
K-—xtet 0 2
24 3 Kxtxt 21
x-xtxt 10 4
r—xtet 0 1
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Table 6
n° of B.R.
Decay mode corrected %
events
D°— K-x+*x° 5 106132+ 0.6
Do+ K=x+ +2,3x° 9 209%74+12
D°— K-ety 0 <50°*
D> — K-etv +1,2 x° 1 23430+ 0.1
D° — Kexr—x+ 2 45%33+03
D° — Kox—x+ +1,2 x° 4 106473 £0.6
Do — x-ety 0 <54*
D° — Kox—etv +0,1 x° 3. 7.9255+05
Dt — K-xtx+xe 1 221474+ 04
Dt — K-xtxtxoge 1 22%47+04
Dt = K-ntety 0 <57
D+ o K—xtetyne 2 4433 +07
D+t - Rox—gtgt 11 243131+ 41
D+ — Koxg—g+x+xo 2 441533+07
Dt o x—xtety 0 <57*
D+ — Kox—xtety 1 22147 +04

* 90% C.L. upper limit
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Table 7

Topology

Inclusive B.R.

present analysis

ref (7]

V2

B.R(D°—¢e* + X)

- B.R.(D° — 2 charged)

B.R.(D°— K* + X)
B.R.(D° — 2 charged)

0.15250¢

.10
0.5333:37

0.
0.21+2:98

04643

C3

B.R(D* — e% + X)
B.R.(D%* — 3 charged)

B.R.(D* — K% + X)

B.R.(D% — 3 charged)

oastEl

0.38+3:12

012133

0.3330:1
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Table 8
D°— B.R. (%) D+ — B.R. (%)
K-z+ 401331 +0.2 K-ntx+ 63+11+1.1
x—x+t 05133 +0.04 K-K+xt 0.8%37+0.1
K-x+x° 106153 +06 K-n+x—x° 2243471+ 04
Rox+x- 451%%+03 Rex~x+x+ 243384 +41

K-zt 4+ 23x°
Kex—x+ + 1,2x°
K-rx-ntxt
rx-xtxt
K-ety,

K-ety, + 12 x°
r—ety,

Kox—etv, + 0,1 x°

209+74+1.2
106113+ 06
65 17+19
05%1+0.1
<50°*
2.3139+0.1
<54°

79185 +05

K-atx+tnoxo
Kex~xtxtxe
K-x+tetr,
K—ntetv,x°
x—xtety,

Ken—xtety,

227404
4.4733+0.7
<5T*
4432107
<5.T7"*

2214871+ 04

* 90% C.L. upper limit
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Table 9

Decay mode NA27 MARK Il
K-x+ 40%31+02 4.2+ 04
x—xt 0.5%33+0.04 0.18 £ 0.05
K-xtxe 106131+ 06 13.3+1.2
Kox+x- 45333403 67+19
K-xtxtx~ 65 7+109 9.1+ 08
x~x-xtx— 0.532-1+01 1.5+ 0.6
K-x+x+ 83ttt 11 9.3+ 14
K-K+x+ 0.8%17+0.1 <18*
K-ntx~x° 22447 +0.4 6.4+ 1.5
Kexr—xtxt 24.3331 141 152+ 5.8

* 90% C.L. upper limit
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Figure captions

Fig. 1 Definition of impact parameter of a track with respect to the primary vertex

Fig. 2 Experimental p; ,,q.distribution. The solid lines show the theoretical distributions
depending on the number of neutrals.
2.a V2 sample
2.b C3 sample

2.c V4 sample
Fig. 3.a Theoretical m3, distribution for Cabibbo favoured decay modes (V2 sample)
Fig. 3.b Theoretical mfncumulative distribution for Cabibbo favoured decay modes (V2
sample)
Fig. 4 Experimental m:‘:‘;mdistribution:

a V2 sample K~x+
b V2 sample x—x+
¢ C3 sample K—n+x+

d C3 sample x—r+x+



FIG. 1
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