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Abstract: 

Charm data from 360 GeV /c ~r-p and 400 GeV /c pp interactions are used to give results on 

D-meson branching ratios. The analysis is based on 438 charm events containing 608 spatially 

resolved charm particle decays. 

We present topological branching ratios, as well as the following inclusive branching ratios of 

D-mesons into kaons: 
B(D±-+ K"~' + anything)= 0.17± 0.07, 

B(D± -+ x± + anything) - o 08+0 ·08 
- . -0.05J 

B(D•-+ x± + anything)= 0.42 ± 0.08, 

B(D•-+ x+ + anything)= O.o3:g:g;, 
and the following semielectronic branching ratios of D-mesons: 

B(D±-+ e± + anything)= 0.2o:g:g;, 
B(D•-+ e± + anything)= 0.15 ± 0.05. 
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In this paper we report measurements of branching ratios for charm D mesons produced by 

~r--proton interactions at 360 GeV fc and proton-proton interactions at 400 GeV /c .. Thcsedata 

come from experiment NA27 at the CERN SPS using the European Hybrid Spectrometer (EHS). 

Preliminary results on branching ratios of D mesons, based on 30% of the total statistics have 

already been published [1]. The results reported in this paper are final results based on the full 

sample of charm data obtained by the experiment. The experimental set-up has been described in 

detail elsewhere [2,3,4]. Briefly, it involves a large angle multiparticle spectrometer downstream of 

the rapid cycling LExan Bubble Chamber (LEBC) with high resolution optics [3]. The spectrometer 

includes the charged particle identifier ISIS [4] as well as lead-glass walls for electron and photon 

detection. For the proton run of the experiment it also included the Forward Cerenkov detector [3] 

for charged particle identification at high momenta. 

The isolation of 114 events containing 183 observed charm decays from 265,000 ~r--proton 

interactions seen in the bubble chamber and 324 events containing 425 observed charm decays from 

1,015,000 proton-proton interactions seen in the bubble chamber has been described in detail else

where (see references [2] and [3] respectively). The selection procedure uses, for neutral decays with 

two charged tracks and charged decays with one charged decay product, a transverse momentum 

cut (p, > 250 MeV /c) to remove strange particle background. These two samples of decays are 

described as the 'full charm samples' for the pion and proton runs respectively. 

The topological branching ratios. 

We first consider the topological branching ratios of neutral D mesons based on a specific 

subsample of the 'full charm sample' for the proton run. An unbiased sample of 2, 4 and 6 prong 

decays (V2, V4 and V6) is defined as all those clear (t) decays paired to a 'trigger' decay (a 

decay displaying explicit characteristics of charm; high multiplicity or high Pt decay products). 

Neutral decays in our sample were further required to be contained within a cylinder of 200/Lm 

radius centred on the interacting beam track. All decays passing these cuts were assumed to be 

Do decays. Our sample contained 90 2-prong and 21 4-prong decays; no 6-prong decay passes 

our cuts. A similar analysis using the data in the 'full charm sample' for the pion run [1] yielded 

a sample containing 49 2-prong decays, 12 4-prong decays and no 6-prong decays. Combining 

these two samples and using the fraction of neutral decays extracted [5] from SPEAR results [6], 

( t) The description 'clear' here refers to vertices not obscured (within 7~Lm) by a track from the 

primary interaction. 
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B(D 0 -+ 0 charged) = 0.14 ± 0.04, we obtain: 

B(D•-+ 2 charged)= 0.69 ± 0.04, 

B(D•-+ 4 charged)= 0.17 ± 0.03, 

B(D•-+ 6 charged) < 0.01 at 90% C.L. 

In order to obtain the topological branching ratios of charged D mesons we defined an unbiassed 
sample of 1-prong, 3-prong and 5-prong decays (C1,C3 and C5 respectively) as all those clear 
decays, in the 'full charm sample' for the proton run, paired to a 'trigger' decay displaying the 
explicit characteristics of charm. The decays in our sample were further required to be contained 
within a cylinder of 600jlm radius centred on the interacting beam track. Further cuts, based on the 
maximum impact parameter of the charged prongs from a decay (see figure 1), were applied to our 
sample. These cuts were designed to remove background from a short lived component (A. baryons 
and F mesons) and to correct for the low detection efficiency of one-pronged decays with low impact 
parameters. Decays with a maximum impact parameter greater than a certain value where assumed 
to beD± decays. Table 1 shows the number of decays in the different topologies passing our cuts, 
for different values of the maximum impact parameter cut. We now consider a) how to correct for 
the bias introduced in the sample.-of D± decays by this cut and b) the effectiveness of the cut in 
removing short lived A. baryons. The distribution of maximum impact parameters in each topology 
was simulated by Monte-Carlo using the experimentally determined :r; F and p, distributions of D 
mesons in the proton run [7], a lifetime of r = 10.7x 10-13s [8] and branching ratios extracted from 
reference [9]. The results of the Monte-Carlo simulation were used to determine the acceptances 
of the different values of the maximum impact parameter cut for each topology. These acceptances 
which varied by ±15% with topology for a given cut were then used to correct the numbers of decays 
passing our cut in each topology and these corrected numbers of decays were then used to obtain 
the topological branching ratios of charged D mesons. Table 2 shows the different values calculated 
for the branching ratio; B(D±-+ 1 charged) and for the ratio of 5-prong decays to 3-prong decays 
for different maximum impact parameter cuts. The distribution of maximum impact parameters for 
At decay in the C3 topology was simulated by Monte-Carlo assuming: At production according 
to (1- :r:F)l and .-1·2P:, a lifetime of r = 1 x 10-13s and using branching ratios extracted from 
reference (9]. Our Monte-Carlo simulation shows that 79% of charged D meson decays compared 

' 
to only 12% of A. decays pass a 100jlm maximum impact parameter cut in the C3 topology. These 
acceptances are 56% and 3% respectively in the C1 topology. Furthermore, with such impact 
parameters the detection efficiency is high for all topologies. We therefore required the maximum 
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impact parameter to be greater than 100pm in our data sample. A previous calculation [1] based 

on the data in the 'full charm sample' for the pion run yielded (t): 

B(D±-+ C 5) = 0.09 ± 0.05 
B(D±-+ C3) 

In order to obtain final results for the topological branching ratios of charged D mesons we combined 

this result with the results shown in table 2 for a 100pm impact parameter cut. Our calculation 

gives: 
B(D±-+ 1 charged)= 0.44±0.09 

B(D±-+ 3 charged)= 0.53 ± 0.09 

B(D± -+ 5 charged)= 0.03 ± 0.01 

Where the errors quoted are statistical only. There is a further, systematic error due to uncer

tainty in the maximum impact parameter distributions predicted by our Mont~arlo simulation. 

This is mainly due to the uncertainty in the D± lifetime. We estimated these systematic errors to 

be negli.gible relative to our statistical errors. These results are now independent of the results of 

any other experiments. 

The inclusive branching ratios. 

To measure inclusive branching ratios to charged kaons and semilectronic channels we have 

defined a charm sample with additional conservative selection criteria. This, the 'fully reconstructed 

charm sample', is defined as all those decays in the 'full charm samples' for the pion and proton 

runs excluding: 

- all those decays whose vertices are obscured by a track from the primary interaction (this 

cut excludes all unclear topologies and all cases of a charged decay which is also compatible 

with a neutral decay superimposed on a primary track); 

- all decays with multiplicity 3 or less for which any decay track is not reconstructed in the 

spectrometer; 

- all decays with multiplicity 4 or more for which more than one decay track is not recon

structed in the spectrometer; 

- all decays with multiplicity less than 3 which were not paired to another decay displaying 

the explicit characteristics of charm (high multiplicity or high P• decay products). 

(t) Note that single prong, charged decays were ignored in this analysis since the systematic 

detection problems in the Cl topology were not well understood. 
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All tracks originating from decay vertices satisfying these cuts and p088es8ing reliable (t) ISIS 

ionization information were included in our track sample. This contained a tot&l (pion and proton 

runs combined) of 534 tracks from 35 1-prong, 91 2-prong, 87 3-prong, 51 4-prong, 8 S-prong and 

1 6-prong decays. 

Figure 2 shows the dE/dx signals for the tracks in our sample as a function of momentum. 

Typic&) error bars are also shown for three of the tracks. The measurements are seen to cluster 

around the expected curves for e, or, k and p masses. In particular a number of clearly separated 

electrons are seen. In many cases the x' probabilities for different mass assignments to the decay 

tracks permit unique identification at the 1% level. Nevertheless, we have used a maximum likeli

hood analysis to achieve bias free estimates with the smallest errors, of the proportions of different 

masses in the decay prong sample. The likelihood function, L, of the number, n.,, of particles of 

each mass, 0<, is given by [10,11]: 

Where z.; is the logarithm of the measured ionization for the i"' track, z .. ; is the logarithm of 

the expected ionization of this track if it were an electron, pion, etc ... and tT; is the resolution 

of the logarithm of the ionization. The latter is given by tr; = 6/ .JNi, where 8 is a resolution 

parameter and N; is the number of ionization measurements in ISIS [4]. The value of the resolution 

parameter, 8, was determined for the pion and proton data separately by plotting the maximum 

value of /nL( n.,) against 8 for 937 tracks with reliable ISIS ionization information from the events 

in the 'full charm sample' for the pion run and 2245 tracks with reliable ISIS ionization information 

from the events in the 'full charm sample' for the proton run. For the pion data, the result was 

8 = 0.57 ± 0.02, consistent with the known v&lue of 0.56, previously obtained from an analysis of 

strange particle decays [4]. The result was 8 = 0.62 ± 0.02 for the proton run data. The search for 

the maximum likelihood solution was found to converge rather rapidly. For non-zero values of n.,, 

one standard deviation errors were taken from the values at which /nL dropped by 0.5 from its peak 

value (maximizing with respect to other n). In appropriate cases the 90% confidence level upper 

(t) We excluded from our sample those tracks falling in the 'beam region' of ISIS [4] where there is 

a pr";>nounced loc&lised loss of gas amplification due to loc&l space charge. Unresolved double tracks 

giving ionization values in the range 1/ [0 = 2.0 to 3.2 were &lso excluded from our sample. We 

further required the distribution of pulse heights along each track to be consistent with uniformity 

at the 4 s.d. level which removes residual cases of partially overlapping tracks. 
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or lower limits were also calculated from a normalised plot of the likelihood function against na. 
These errors describe the combined effect of uncertainties in particle identification and statistical 

fluctuations in the sample [11]. 

There is no significant evidence for muons in the 'full charm samples' for the pion and proton 
runs. The likelihood method prefers 37 muons (compared with 56~~0 electrons in the same sample) 
but, because the muons and pions are barely separated, the 90% confidence level upper limit is more 
than 120 muons. Removal of the muon hypotheses does not make any difference to the numbers of 
electrons, protons and kaons or their errors as given by the maximum likelihood. Therefore in the 

following we ignore muons. 

The number of protons, kaons and electrons in the neutral and charged decay topologies are 
shown in table 3. There is no evidence in our data for a neutral charm baryon. The figures 
given in brackets in table 3 correspond to 90% confidence level upper limits. We estimate a 90% 
confidence level upper limit of 0.2pb for the production cross-section of such a state with Feynman
x greater than zero decaying inclusively to a proton (assuming a lifetime greater than 2 x 10-13s). 
The figure for the proton content of the charged decay track sample shows evidence for positively 
charged charm baryons decaying inclusively to protons (or charge conjugates). In order to remove 
this charm baryon background from our sample we used a lOOpm maximum impact parameter 
cut for our charged decays (as described in our topological branching ratio analysis). Table 4 
shows the numbers of protons, kaons and electrons in the different decay topologies as given by 
the maximum likelihood analysis after the maximum impact parameter cut was applied. Using our 
Monte-Carlo simulated distribution of maximum impact parameters for At decays we estimate 
that a background of 1.6~~:~ charm baryon decays remain in our sample of 89 charged D meson 
decays (assuming inclusive branching ratios to protons of order 0.4). 

To transform the numbers of table 4 into inclusive branching ratios for the decays D± -.. 
K"T +X, D±-> K± +X and D•-> K± +X we correct for the small bias due to the geometrical 
acceptance of ISIS. This was estimated by Monte-Carlo simulation using the observed x F and p1 

dependences for D mesons [2,7]. There is a further systematic effect which can give rise to a small 
bias in the figures of table 4; of the tracks within the acceptance of the ISIS fiducial volume the 
high momentum ones are more likely to lose their dE I dx measurements because of track overlap 
or the limited storage capacity of ISIS for dE I dx measurements. Such high momentum tracks are 
enriched in kaons and protons. This systematic effect was more significant in the proton run of 
the experiment; for which the charged particle flux in the ISIS fiducial volume was higher. This 
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from 11 V 4 decays and 35 V2 decays. An analysis analogous to the one previously described yielded 

a result of B(D• ..:.. K± +X) = o.o:g:g; which is clearly compatible with the value reported 

above. The result obtained for the inclusive branching ratio for the decay D• -+ K+ +X was: 

To be compared with a previous world average of 0.08 ± 0.03 [9]. 

The semlelectronlc branching ratios 

The electron content for each topology is shown in table 4. Using our Monte-Carlo simulation 

of the acceptance bias of ISIS we find that the number of electrons observed is expected to be 

underestimated by 5% in the C1 topology, 4% in the C3 and C5 topologies and 6% in the V2 and 

V 4 topologies. These 'acceptances' biasses already combine the effect of the limited geometrical 

acceptance of ISIS and the effect of the loss of ionization measurements through track overlap or 

limited storage capacity. There is an underestimate of 4% in all topologies due to the difference 

between the interaction length (1 %) and the radiation length (5%) between the bubble chamber 

and the centre of ISIS. In the C1 topology there is a further 1% overestimate due to the fact that 

decays with light charged particles in the final state are more likely to pass our maximum impact 

parameter cut. This effect was estimated to be negligible ( < 0.5%) in the C3 and C5 topologies. 

The figures for the electron content in table 4 were corrected for these small (relative to our 

statistical errors) biasses and combining with the topological branching ratios we obtain: 

B(D± -+ e± +X) - 0 20+0 ·09 
- . -0.07J 

B(D•-+ e± +X) = 0.15 ± 0.05. 

While our result for the semielectronic branching ratio of charged D mesons is clearly compatible 

with the result reported by Baltrusaitis et al. [12], B(D±-+ e± +X) = 0.170 ± 0.019 ± 0.007, our 

result for neutral D mesons is incompatible with the result reported by them, B(D•-+ e± +X) = 

0.075 ± 0.011 ± 0.004. Their value would lead us to expect 9 electrons in our sample of tracks from 

neutral D meson decays. We have observed more than 13; a result with a probability less than 8%, 

calculated on Poisson statistics. 

We consider our total data sample more closely. The likelihood function for the number of 

electrons in the V2 decay prong sample is shown in figure 3. Including the event in V 4 with 

an electron identified by the lead-glass detectors [1], the 90% confidence level lower limit for the 

semielectronic branching ratio of neutral D mesons is 0.10, corresponding to the observation of 8. 7 
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effect was simulated in our Mont~arlo by using observed distributions of the number of dE/ dx 

measurements per track. From this Mont~arlo simulation we estimate that the number of kaons 

observed is too great by 9% in the V2 and V4 topologies and 10%, 10% and 11% in the C1,C3 and 

C5 topologies respectively. There is a further correction in the charged decay topologies due to a 

small decay mode dependence of the proportion of D meson decays passing our maximum impact 

parameter cut. The magnitude of this correction was calculated using the Mont~arlo simulated 

maximum impact parameter distributions. We estimate this bias to be negligible (i.e. < 0.5%) 

in the C3 and C5 topologies but in the C1 topology this leads to an underestimate of 7% in the 

number of kaons. 

Applying these corrections to the numbers in table 4 we find the following ratios: 

D:t: -+ K'f in C3/all C3 = 0.33:!:m, 

v•-+ x:t: in V2/s.Il V2 = 0.47:!:g:~g. 

v•-+ x:t: in V4/s.Il V4 = o.s8 ± o.18, 

D:t: -+ K:l: in Cl/s.ll Cl = 0.19:!:g:~~. 

v:t:-+ K:t: in C3/s.ll C3 < 0.08 at 90% C.L., 

and combining with the topological branching ratios given earlier: 

B(D:t:-+ K'f +X)= 0.17 ± 0.07, 

B(D•-+ x:t: +X) = 0.42 ± 0.08, 

B(D±-+ x:t: +X)= o.o8:!:g:g~. 

We note that the D:i: results refer to decay kaons ofspecified charge whereas the D• result refers to 

K:i: regardless of charge. These results compare with previous world averages of0.16±0.04, 0.52± 

0.10 and 0.060 ± 0.033 respectively [9]. 

ln order to obtain separate inclusive branching ratios for the decays D• -+ K+ + X and 

D•-+ K- +X we selected a sample of neutral decays of known charm. Our sample was defined as 

all those clear, neutral decays in the 'full charm samples' displaying the explicit characteristics of 

charm (high multiplicity or high p, decay products) and paired to another charm decay candidate 

in the same event. We restricted our analysis to those neutral decays whose charm signature was 

known either because they were paired to a clear, charged charm decay candidate of unambiguous 

charge or because they were paired to a charm decay candidate with an electron identified in the 

spectrometer (t). Our sample contained a total of75 tracks with reliable ISIS ionization information 

(t) Identified by the lead-glass detectors or uniquely identified at the 1% level from the ISIS 

ionization measurement. 
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decay of a charm particle if one of the tracks of the electron-positron pair is not identified in the 

spectrometer. We expect a background of 1.6 Dalitz conversions in our neutral D meson sample, 

mainly in the high multiplicity topologies (i.e. V4 and V6). In fact two V4 decays and one V6 decay 

have been identified as Dalitz events and removed from our sample. The remaining semileptonic V 4 

contains an electron identified by the lead-glass detectors [1] and is not compatible with a Dalitz 

event. It is therefore treated as a signal. In the charged D meson decay sample, the background 

expected from asymmetric Dalitz pairs is less than 0.9 events. Furthermore, this background is 

charge symmetric and there is no evidence in the figures in table 4 for 'wrong sign' electrons ofthe 

type D±-+ e'l' +X. 

The semielectronic branching ratios we have obtained may be combined with previous NA27 

results on D meson lifetimes [8], 

r(D±) = 11 2+1·4 1o-13s 
0 -1.1 , 

to give results on partial widths: 

r(D±-+ e± inclusive)= 18:!:; 101os-1, 

r(D•-+ e± inclusive)= 33+11 101os-1 -12 . 

Since there are no simple, first order diagrams which are different for D 0 and D ± semileptonic 

decay, we expect r(D•-+ e± inclusive) to be equal to r(D±-+ e± inclusive). 

In conclusion, we have reported results on D• / jjo and D± topological branching ratios and 

inclusive charged kaon and semielectronic branching ratios. The results are based on modest 

statistics but have negligible systematic errors. 
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electrons in the V2 track sample. That the electron content of our neutral decay prong sample 

is not reliant on the likelihood analysis used was shown in our previous paper [1]. Monte....Carlo 

simulation has shown that out of 12.7 electrons in our V2 track sample, 4.0 are expected to reach 

the geometrical acceptance of the gamma detectors. In fact our V2 track sample contains 3 tracks 

which are labelled as electrons by the gamma detectors. 

There was no evidence in our sample of neutral decays of known charm signature for 'wrong 

sign' electrons of the type D• -+ e- +X; the 90% confidence level upper limit for the branching 

ratio was B(D•-+ e- +X) < 0.09. 

We have carried out checks on the particle identification. First, the ISIS signals of 273 tracks 

labelled as hadrons and 15 tracks labelled as electrons by the gamma detectors were analysed 

separately using the maximum likelihood method. These were all the tracks identified by the 

gamma detectors, which originated from decays contained in the events of the 'full charm samples' 

and which possessed reliable ISIS ionization information. The results of the likelihood analyses are 

shown in table 5. The most likely number of electrons in our sample of gamma detector hadrons 

was zero; also there was no significant evidence for any hadrons in our sample of gamma detectors 

electrons. Secondly, the particle composition of four samples of tracks vetoed as electrons, pions, 

kaons or protons by the Forward terenkov detector, was determined using the maximum likelihood 

technique on ISIS ionization information. These samples were extracted from all the tracks in the 

events of the 'full charm sample' for the proton run with particle identification by the Forward 

terenkov detector and reliable ISIS ionization information. The results of the likelihood fits are 

shown in table 6. We conclude that there is strong evidence that neither ISIS nor the analysis 

procedure has misidentified hadrons as electrons. 

Finally, we consider the background when tracks are genuine electrons. AJJ.y 

electron-positron pair from "f-i:Onversion in the charm box could be misinterpreted as semilep

tonic through wrong reconstruction in the spectrometer. In general such a candidate would appear 

as an unpaired V2 semileptonic decay. A maximum likelihood fit to the prongs of all V2 decays 

which survived our selection procedure but did not have a charm pair yields a 90% confidence 

level upper limit of 9.5 semileptonic decays. The probability of a background event in paired V2 is 

therefore less than 0.35%. The same argument applies to the background from genuine semileptonic 

decay of strange particles. A similar calculation for the sample of C1 decay prongs yields an upper 
limit for the probability of having a strange semileptonic Cl in the paired decay sample of 0.30%. 

AJJ.other possible source of background are Dalitz conversions of neutral pions produced in the 
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Table 1 

Namber or doca:JI with maximum impact parameter 

TopoloiJ .,...Wtbaa 

T 10 100 120 

C1 51 15 12 29 

cs ee 81 se 5S 

C5 I I • • 
Table :I 

Maximum impaa parameter P"a&er tbaa (lam) 
\ 

T 10 100 120 

B.R.(D*- 01) O • .S :i: O.OT o . .s :i: 0.01 0.44 :i: 0.0!1 0.44 :i: 0.0!1 

B.R.(D*- 05) 
0.0.5 :i: 0.02T 0.0.5 :i: 0.02T 0.0.9 :i: 0.029 0.051 :i: o.oso 

B.R.(D* - 03) 
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Table 3. 

We label the decays Cn and Vn; these stand for decaya of charsed and neutral particles 

with n charsed decay products respectively. For decay• of charsed particles the 'likesign' 

1ample contain~ the decay tracka with the ll&llle charse u the parent particle and the 

'unlikesign' sample the decay traka with charge of opposite lip to that of the parent 

particle. The &gures 1hown in brackets correspond to 90% con&dence levels and blank 

entries ( ·) imply that the value pre!ered by the likelihood function i. aero. 

Topology Number Fraction Moat likel:r number of: 
of of deca:r tracks with 

venice. venice. ionization protoDI DoDI electrons 
information 

V2 84 (< 10.1) 

V4 51 278/378 - 57.s+e.e -a.e 14.1 +1.1 -4.1 

V6 1 ' 

Likesip 

Cl 36 178/234 s8+u · -a.o 75+'-' • -4.1 193+1.2 • -1.1 

C3 87 

cs 8 Unlikeaip (< 7.4) ( < 2.8) 

60/103 1.9(t) 19.2+1.1 -1.1 -

(t) The likelihood function prefer~ thi. result rather than aero with a likelihood ratio of 

12 to 1. 
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Table 4 

Topolo17 Numb<~r Fractioa Moa libl7 nmb<lr of: 
of ofdecar tncb with 

..nic• nnic• ioniaa&ioa protou DoU elodrou 
iaformatioa 

(<5.3) 
C1 23 23/23 - 44+1.0 . -u I a+a.l • -2.1 

(<U) 
V2 u 134/161 - 34..1+7.1 -··· 121+'-' 

. -··· 
Liboip (< a.o) (<a.T) 
15/120 - - 411+1.1 . -2.t 

cs eo 
UDI.ikooip (<U) (< 2.1) 

U/80 - 1u=::: -

(<1.11) (<U) 
V4 Ill 140/204 - 22 •••.• 

• -f.O 1.0 (t) 

Liboip (< 2.1) (<U) (< 2.T) 
13/21 - - -

cs T 
UDI.ikooip (< 4.0) (<U) (< S.1) 

1/14 1.0(t} - -

(< 2.5) (<U) ( < 1.11) 
ve 1 4 - - -

(t) nero Ia oao olectroa idealiSed br tho load-claM detecton ud npponed bat aM nquired b7 

iollilalioa[1j. Thla hu beta iuened br hud. 

m n. likelihood fuactioa pzUill th!l renll ruhv &hu HI'O wi&h • likelihood ruio of 1.11 to 1. 



Gamma 
cletec\Or 

infonnatioo 

Haclrou 

Elec\rou 

Forwarcl 
Ce"'nkov 

veto eel 

Electrou 

Piou 

Kaou 

Pro\ou 
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Table 5 

ISIS-Gamma Detector compart.on 

NIIDlbtr Moo\ likol:r (ISIS bafo.) ... mber of: 
of 

tracb Electrou Piou 

273 ll.Q 228.8 

15 1U Q.l 

Table e 
ISIS-Porwud ~ comput.on 

Kaou 

40.1 

ll.Q 

NIIDlbtr Moo\ likcl:r (ISIS bafo.) eliJDbtr of: 
of 

lracb Electrou Piou Kaou 

29 Q.1 7.7 21.1 

17 0.0 ll.Q 17.0 

15 o.o 12.11 L1 

101 o.o 89.1 1.2 

Pro\Ou 

u 

ll.Q 

Pro\Ou 

0.0 

0.0 

0.0 

ll.Q 
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Figure captlona 

Ficure 1 

The impact parameter r, de&Ded ill the &1m plue projectioD with uit mapi&c:a

\ioD to the chamber. The impact parameter ahOWD correapoDda to track a. In the decay 

WUJtrated it u track 1 which hu the larsest impact parameter ud it u to thU which 

we refer to u the maximum impact parameter or the dec&J. 

Flsun 2 

ISIS tlE/th lipala u a fwlctioD ofmommtum for the charm deca7 track& from the 

'fully reco~tructed charm aample' diacuaed ill the text. The CVY• ah- the apectecl 

behaTiour for electro~, pio~, be~ ud protoDI. 'l)pical errora are ahown. C"uclea 

are the tiE/ th lip ala of the oDI7 tracka f01111d to be aaociated with electromapetic 

ahowen of the cornet merp (to withiD 2096) ill the lead-slue detectora. 

FigureS 

Likelihood functioD TenUJ the Dumber of electro~ ill the V2 aample for the pioD 

ud protoD ruDe combilled. The ahaded area repreaeDta the repoD excluded at the 0096 

con&deDce level. The correapoDdiDITaluea of the aemielectroDic bruchiDc ratio are alao 

ahOWD. 
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