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Abstract 

This paper presents recent results from the Mark III detector at SPEAR, in 

the open charm sector. The first topic discussed is the reanalysis of the direct 

measurement of the D hadronic branching fractions, where a detailed study has 

been made of the Cabibbo suppressed and multi-no’s D decays backgrounds in 

the double tag sample. Next, the Dalitz plot analysis of the D decays to K?r?r 

is presented, leading to the relative fractions of three-body versus pseudoscalar- 

vector decays. 
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1. Introduction 

The Mark III detector at SPEAR has been used to study the D mesons 

produced in the following reaction: 

e+ e- + $(3770) --+ DD 

At the center of mass energy near the mass of the +(3770), the Mark III has 

accumulated a sample corresponding to a total luminosity of 9.56 pb-‘. One of 

the most important points about the study of D mesons at this energy is the fact 

that each of the D’s has the energy of the beam. The beam constrained mass of 

a final state i is therefore given by 

M;, = Eieam - Pi” 

where Ebeam is the energy of the electron (positron) beam and Pi is the momen- 

tum of the system i. 

We should emphasize that the beam constrained mass gives very good mass 

resolution, as well as good rejection of hadronic background coming from non- 

charm production. 

2. Reanalysis of the Direct Measurement 
of the D Hadronic Branching Ratios 

When one of the D’s is reconstructed, we call this a single tag and when 

the event is fully reconstructed, it is a double tag. 

The number of single tag signal events is given by: 

Si = 2 NDTj Bi ci , (1) 

where NDz is the total number of Dn produced, Si is the number of signal 

events for the D decay to the final state i, B; is the branching ratio of the D 

decay to the final state i and ci is the efficiency corresponding for the final state 

2. 
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In a similar way, the number of double tag events is given by 

Di j = NDD Bi Bj Eij 3 

where Dij is the number of signal events in which one D decays to the final 

state i and the other one decays to the final state j, and eij is the efficiency to 

reconstructed the i and j final state. 

There are two differents approaches possible for the measurement of the 

branching ratios: 

A) The indirect method: In this method, the number of Dn pairs in relation 

(1) is given by the cross section o (e+ c- ---) DE) and the luminosity. Thii 

cross section is obtained by a scan in center of mass energy, through the 

$43770) resonance. Consequently the branching fraction for each decay 

can be obtained from relation (1). We can note however that there is no 

constraint on the measurement. (Moreover, we need to assume that the 

branching fraction of $(3770) to Dn is lOO%, and that the ratio of neutral 

to charged D production is known). 

B) The direct method: This method, used by Mark III, leads to the branching 

fractions independent of the cross section and of the ratio of neutral to 

charged D production. Moreover, in this method the measurement of the 

branching fractions is done in a constrained fit. The single tags and the 

double tags are used simultaneously to fit the branching fractions. Taking 

the example of two different decays, called 1 and 2 we would have a set of 

five experimental measurements, Sr, S2 for the single tags, Dll, 012 and 

022 for the double tags. Using the relations (1) and (2), we can see that 

the only unknown parameters are NOB and the branching fractions Bl and 

B2. With the five measurements, the parameters can be obtain through a 

2c-fit. ‘l’ 

To use this method we need to extract the single tag and the double tag 

numbers. In the previous analysis of Mark III, these numbers (Si and Dij) were 

obtained by the following procedure: 
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l Particle identification realized by use of the Time-of-Flight counters and 

dE/dx sampling measurements in the drift chamber. 

l Kinematic fit of the event ( using the beam constraint). 

l ‘lr” mass constraint added where appropriate. 

l A loose cut on the x2 of the kinematic fit. 

_ l Use the side band below the D mass to fit the background level, and obtain 

the numbers of signal events (Si and Dij). 

However, an extensive Monte Carlo of D decays has shown that if one D 

decay is correctly measured, the Kinematic fit does not reject certain real D 

decay backgrounds for the second one. 

Two types of backgrounds from real D decays are not rejected: 

1) Erroneous particle identification (kaon vs. pion) coming from Cabibbo sup- 

pressed decays. As an example, the double tag sample K+?r- vs. K-z+ 

4 contaminated by (K+lr- vs. &A-) and (K+A- vs. K+K-). 

2) Missing soft z” coming from Cabibbo Allowed decays. Taking the same 

example, the double tag sample K+?r- vs. K-z+ is contaminated by 

Ic+7r- vs. K-7r+7r”. 

These type of backgrounds cannot be fully rejected by a tighter cut on x2 of the 

kinematic fit. Figures l(a-d) show the x2 distributions from Monte Carlo for the 

double tag sample (here K z  vs. K z  is taken as an example). Figure l(a) shows 

the distribution for the signal, Figs. l(b) and l(c) for the first background and 

Fig. l(d) for the second background. 

One method to reject these backgrounds is to introduce the difference between 

the fitted mass (MBC = mass from the beam constrained kinematic fit) and the 

raw invariant mass (Minv): AM = MBC - Minv. 

For background type one, the raw momentum is strictly equal to the fitted 

one, while the fit shifts the mass toward the D mass. However, the raw invariant 

mass is different from the D mass, and consequently the AM variable is shifted 

from zero. For the background type 2, the fitted mass is about the D mass, 

4 



and the momentum is not very different (for soft TO), but the AM variable 

is again shifted from zero. Taking again the example of the double tag sample 

Kz vs. Kz , Fig. 2(a) shows the fitted mass distribution for the signal events 

in the Monte Carlo, while the same distribution for the background 1 and 2 is 

shown on Fig. 2(b). The distribution of the AM is shown in Fig. 3(a) and 

(b). Figure 3(a) shows the AM distribution for the real data (double tag Kz 

vs. Kz). Figure 3(b) shows the Monte Carlo distributions for the signal and 

the background zr+z- (cross hatched), K+K- (shaded) and K+ zr-lrO(solid). In 

conclusion, background of real D decays can be rejected, using a cut on the AM 

variable. 

Checking the events rejected by thii cut, in the case of decays containing one 

x0, indicates the presence of D decays containing more than one x0. For example, 

for the double tag sample of the De + K-n+zO, the largest background in the 

previous analysis comes from the decay De --) K-&z”zo. In the double tag 

K+7r-- vs. K-T+~TO~FO, 24 f 5 events are observed, with efficiency of 7% . 

Figure 4 shows the mass spectrum K-~F+T~T~ with a clear signal at the D mass. 

This is the first evidence for this decay. Moreover, the observation of such decay 

provides a good test that the AM cut is an adequate background suppression 

‘regardless of the source’, for the background type 2. 

Using the direct method described previously, the new values for the branch- 

ing fraction are reported in the Table 1. Globally, a decrease of the order of 21% 

- 24% is obtained vs. the old analysis. 
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Table 1. Do and D+ Branching Fractions 

Decay Mode Branching Fraction (%) 

(a) Results of Global Fits 
Do + K-n+ 4.2 f 0.4 f 0.4 
Do + K-lr+r-r+ 9.lf 0.8 f 0.8 
Do + K-r+m” 13.3 f 1.2 f 1.3 
D+ + K-r+lr+ 9.lf 1.3 f 0.4 
D+ + jirOr+ 3.2 f 0.5 f 0.2 
D+ --+ jhr+srO 10.2 f 2.5 f 1.6 
D+ + ~"~+gr-r+ 6.6f 1.5 f0.5 

(b) New Double Tag Measurement 

Do + K-A+AOT~ 14.9f 3.7 f 3.0 

(c) Corrected Values for Previous Measurements 
Do + K-K+ 0.51 f 0.09 f 0.07 
Do + T+T- 0.14 f 0.04 f 0.03 
Do + iir”q5 0 . 86 +0.50 +0.31 

-0.41 -0.18 
DO -+ IPK+K;~~-~~~ 0 . 85 +0.27 +0.20 

-0.24 -0.18 
Do + E°Ko 
Do -+ p*er 
D+ + K+K” 
D+ + T+R-?T+ 
D+ + K-K+?r+ non-re.9 
D+ + &r+ 
D+ + K+E*O 

2 0.460 at 90% C.L. 
5 0.012 at 90% C.L. 

1.01 f 0.32 f 0.17 
0.38 f 0.15 f 0.09 
0.54 f 0.25 f 0.09 
0.77 f 0.22 f 0.11 
0.44 f 0.20 f 0.10 
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. 
A check has been performed to test quantitatively our understanding of the 

background rejection. Using the new values of the branching fractions in the 

Monte Carlo, Table 2 summarizes the rejection due to the AM cut for the 

Monte Carlo and the real double tag sample in the old analysis. A loss of 176 

f 21 events is observed on real data, in agreement with the 168 f 13 expected 

from all D background sources simulated in the Monte Carlo. 

Table 2. Signal Events Removed by AM Cut 

Double Tag Combination fAM Predicted Observed 
Loss Loss 

K-T+ vs. K+n- 0.95 6f2 llf4 
K-x+ vs. K+A-xO 0.66 48f6 5Of8 
K-T+ va. K+lr-r-r+ 0.92 llf2 13f5 
K-X+X0 vs. K+lr+rO 0.51 493~9 34f14 
K-T+lrO va. K+r-r-n+ 0.67 40f6 53flO 
K-r+r+s- vs. K+T-r-n+ 0.91 2fl lf3 

K-rr+rr+ vs. K”?r- 0.93 2fl 2fl 
K--T+T+ vs. K+n-rrr- 0.94 4fl 8f3 
K-Tfr+Tr+ vs. K”z-z” 0.72 6f2 4f4 

Now, fitting the single and double tag sample, we obtain the branching frac- 

tions and the number of DD pairs. Table 3 shows the comparison between the 

observed number of events and the predictions from the fit (in parentheses). 

From the fitted value of NDb and the luminosity, the following cross sections 

are obtained: ODO = (5.8 f 0.5 f 0.6) nb and agi = (4.2f0.6f0.3) nb. Finally, 

we note that the recent result,[” for the branching fraction Do + K-h, agrees 

with the value presented here. 



K-A+ 15 f 5 50 f 7 36 f 6 
(20 f 2) (45 f 4) (41 f 4) 

K-A+7T” - 28 f 8) 50 f 9 
(27 f 3) (46 f 4) 

K-vr+r+rrr- - - 20 f 5 
(16 f 2) 

Single Tags 963f37 1035 f 64 1022 f 55 
(949 f 36) (1065 f 58) (1028 f 52) 

Table 3. Comparison of Observed Numbers of Events 

and the Predictions from the Fit (in parentheses) 

Do Tags K+T- K+T-AO K+T-?r-T+ 

D+ Tags 

K-rr+mr+ llf4 31 f6 13 f 5 7f4 
(9 f 1) (33 f 5) (9 f 2) WI 

Single Tags 161 f 14 1175 f 42 16Of32 168 f 27 
(163 f 14) (1172 f 42) (169 f 35) (162 f 29) 

3. Dalitz Plot Analysis of D Decay to Km 

The Dalitz plot analysis of four different D decays has been performed, to 

obtain the relative contribution of three-body (pseudoscalar) non-resonant decay 

and the pseudoscalar-vector (PV) components. Such a study provides informa- 

tion on the mechanisms of heavy quark decay and hadronization. 

The four decays studied herein are: Do + K-T+?TO, Do -+ ~?oT~?T-, D+ -+ 

lG9r+?f”, and D+ + K-T~I~+.“’ Th e sample comes from single tag selection 

among the Db events produced at the $(3770). As seen before, each D is 

carrying the beam energy, and using this constraint improves the mass resolution. 

The Kmr candidates with beam constrained mass within 5 MeV of the D mass 

are selected. 

The PV and three-body branching fractions in each channel are determined 
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. 
by fitting the observed distributions of events in the Dalitz plot to a coherent sum 

of amplitudes using a maximum-likelihood method. The background is described 

by a polynomial form, and the non-resonant three-body decay amplitude is as- 

sumed to be constant over the Dalitz plot, except in the decay D+ + K-&T+, 

where a non-uniform non-resonant contribution is needed to fit correctly the 

Dalitz plot distribution. An ‘ad hoc’ form is used, which is chosen to give the 

best fit probability. The fit results are presented in Table 4 and illustrated in 

Fig. 5. 

Table 4. D + Km Fit Results 

Decay Fit Fraction Phase t?*B Branching Fr. 
Mode m 1 (dew=) (4 (% 1 

r7r+7r” 0.76f 0.04 f0.08 13.3 f 1.2 f1.3 

K-p+ 81f3f 6 0.0 0.62 f 0.02 f0.09 10.8 f 0.4 f 1.7 

K*-T+ 12 f 2 f 3 154 f 11 0.28 f 0.04 f 0.08 4.9 f 0.7 f 1.5 

K*OrO 13f2f 3 7 f 7 0.15 f 0.02 f0.04 2.6f 0.3 f 0.7 

non-res . Qf2f 4 52 f 9 0.07 f 0.02 f 0.03 1.2 f 0.2 f 0.6 

IT"7r+7r- 0.37 f 0.03 f0.03 6.4 f 0.5 f 1.0 

E0p0 12flf 7 93 f 30 0.04 f 0.01 f 0.02 0.8 f 0.1 f 0.5 

K*-TT+ 56f4f 5 0.0 0.31f 0.02 f 0.05 5.3 f 0.4 f 1.0 

non-res. 33f5flO - 0.12 f 0.02 f0.04 2.lf 0.3 f 0.7 

K"7r+7ro 0.42 f 0.08 f0.08 10.2 f 2.5 f 1.6 

IcOp' 68f8f12 0.0 0.29 f 0.03 f 0.09 6.9 f 0.8 f 2.3 

K*Or+ lQf6f 6 43 f 23 0.24 f0.07 fO.10 5.9f 1.9 f 2.5 

non-res . 13 f 7 f 8 250 f 19 0.05 f 0.03 f0.04 1.3 f 0.7 f 0.S 

r7r+7r+ 0.39 f O.Olf0.03 9.1 f 1.3 f 0.4 

E*Or+ 13flf 7 105f8 0.08fO.Olf0.04 1.8 f 0.2 f 1.0 

non-res . 79f 7f15 0.0 0.315 0.03 fO.10 7.2 f 0.6 f 1.8 
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. 
The results can be used to test two typical recents models, extensions of 

the naive spectator model, tuned to the D + Kn branching ratios. In model 

1 “I the W exchange diagram is introduced while in model 2,“l the effective , 
hadronic mass matrix elements include non-perturbative corrections to the QCD 

coefficients. Table 5 presents the measured and the predicted values for the 

following ratios: 

Table 5. Decay Width Ratios Compared with Theory 

Ratio Mark III Model 1 I” Model 2"' 

0.50f0.07f0.15 0.124 -0.271 0.43 

r(DO-tK-pjj l-(D04FQP 0.07 fO.Olf0.04 0.036- 0.135 0.08 

Model 2 seems to be favored, and the introduction of the W-exchange diagram 

is not needed to describe our measurement of the decay D +Kmr. 

From the results of the fit, we can also extract the relative isospin amplitudes 

and phases. The relations between the different amplitudes for the Kmr final 

state, and the isospin amplitudes A; and A; and phase shifts 6;) 6; are described 

in Ref. 6. From the fit results of Table 4, the following relations are obtained: 

D-d+: jAI/AJJ = 3.12 f 0.40, 2 2 b4 - ba = (0 f 26)" 
2 

D+.@rr: IAr/Aa 1 = 3.22 f 0.97, “$ - 62 = (84 f 13)" 
2 2 2 

D-+K7F: (AL/As 1 = 3.67 k 0.27, 
2 2 

"+ - 6; = (77fll)O 

The phase shift differences are clearly not compatible with zero in the K*?r and 

KT mode, indicating sizeable final state interactions for these modes. This fact 

is relevant for the decay D to 4&J.“’ 

In addition to the relative branching fraction of P-V vs. three-body non- 

resonant, no evidence is found for any known K* resonances other than K*(892), 

or exotic process ( rr + rr + states, non-resonnant P-wave KT or D-wave ?rz ampli- 

tudes ). 
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4. Conclusions 

Results of the Mark III detector at SPEAR in the open charm sector has been 

presented. The reanalysis of the direct measurement of the hadronic branching 

fractions, accounting for the background from real D decays in the double tags, 

has led to a decrease of the order of 21% - 24% . Using a single tag sample, a 

Dalitz plot analysis has been performed on the D +K z 1~ decays, confirming the 

importance of the pseudoscalar-vector component vs. the three-body decays. We 

also note the interesting results not presented here, concerning the upper limits 

for the decays D +e JJ and D -‘cc u, as well as the results on De B mixing, 

which give the real picture of Mark III capability for D physics. 
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Figures Captions 

1. Distribution of the x2 of the kinematic fit for the signal (a) KT va. Klr, for 

background type 1, (b) K 7~ vs. zz, (c) KT VS. KK and background type 

2, (d) Kr vs. Kmr”. 

2. Mz from fits to K-r+ vs. K+T- from Monte Carlo simulations of 

(a) K-h vs. K+T-, (b) K-T+ vs. &zT- ((shaded), K+rT-7ro (cross- 

hatched), and K+K- (solid)). 

3. AM for (0) the original data, and (b) Monte Carlo simulations of (i) the sig- 

nal (K-d VA K+T-), and (ii) the backgrounds (K-A+ vs. A-T+ (cross- 

hatched), K-r+ vs. K+rT-ro (solid), and K-n+ ~8. K-K+ (shaded)). The 

relative size of signal and background in (b) reflect that which is expected 

in the data. 

4. Fitted mass Mz for K+?r- vs. K-T+T~T~. 

5. (a) The Dalitz plot for D” + K-r+lr”, and the three projections, shown as 

data points. The results of the fit are shown as histograms superimposed 

on the projections. The lower histogram in each projection gives the contri- 

bution from background events, while the upper histogram gives the total 

contribution from signal plus background. 

(b) The Dalitz plot for Do + KozT+zT-, and the three projections. 

(c) The Dalitz plot for D+ + ~~~~rr~, and the three projections. 

(d) The Dalitz plot for D+ + K-T+T-, and the three projections. 

13 



I 500 

I060 

500 

0 

100 

50 

0 

l-88 

0 20 40 60 80 

x2 

60 

40 

20 

0 

6 

4 

2 

0 

(d) 
-I - - 

I) 

9 

I I 

0 20 40 60 80 

x2 5934Al 

1. Distribution of the x2 of the kinematic fit for the signal (cr) Kx vu. Kn, 
for background type 1, (b) Kr vu. xx, (c) Kr vu. KK 
and background type 2, (d) Kn U.S. KmrO. 



. 

- (0) 

i5‘ 

5 500 
G 
8 

2 0 \ 
p loo 
E 

- (b) 

2’ 
80 

2000 

1500 

1000 

60 

40 

20 

0 
1.83 1.85 I .07 1.89 

4-61 MASS (GeVk 2, 676881 

2. MS from fits to K-r+ vu. K+c from Monte Carlo simulations of 
(u) K-n+ vu. K+r-, 
(b) K-n+ VI. (x+w- (shaded), K+rT’xo (cross-hatched), and K+K’ 
(solid)). 



50 

40 

36 

20 
- (u 0 
5 
s IO 
cu 
9 

s 
\ 0 
2 
z loo0 
W 

3 

800 

4oc 

20( 

I 

(a) 

(b) 

4-67 AM (GeV/c2) 676882 

3. AM for (u) the original data, and (b) Monte Carlo simulations of 
(i) the signal (K-n+ VI. K+x-), and 
(is2 the backgrounds (K-a+ vs. T-K+ (cross-hatched), 

K-r+ (18. K+r’r” (solid), and K - w + VL K-K+ (shaded)). The relative 

size of signal and background in (b) reflect that which ‘U expected in the 
data. 



f 2!
 

z k B c F T R
 + x R
 : t r” 0
 

. 

a & -l z 5 ” < o\
 Iu

 

W
I 

-l b)
 

O
D 

D 0 

- 
0 

-5
 

EV
EN

TS
 

/(0
.0

02
 

Ge
V/

c*
) 

Iv
 

P 
6,

 
a,

 

l & - l 2 

L t 

I 
I 

I 
I 

L 
I 

P 



. 

- N 
- N 100 

s” 
s 

75 

0 50 

6 - 25 
z 

0 
77 z- 80 ~ 

5 60 
s 

F 40 

.d. 20 
2 

77 88 
iT v 5 60 

2 40 
e 

s 20 
\ z 0 
‘(u 
G- v 2 I.5 

J 
lxd I.0 

\ 
N; 0.5 

E 
0 

L 

5-87 

2 
mK-T” [(GeV/c2) 2l ~,,BA, 

5. (u) The Dalitz plot for Do + K-x+rO, and the three projections, shown 

as data points. The results of the fit are shown as histograms superim- 

posed on the projections. The lower histogram in each projection gives the 

contribution from background events, while the upper histogram gives the 

total contribution from signal plus background. 

- i 



- cu 
z 0 
; 
s 
0 . 

9 
77 
Gi- v 
3 
s 
% 
6 e z 

?7 - N 
V 

3 

s 

0 

sd 
z 

xi- 

I 
t 

+ 
cub 

E 

6-07 

40 

30 

20 

IO 

205 

20 

I5 

IO 

5 

5: 

40 

30 

20 

IO 

0 

I.5 

1 .o 

0.5 

0 

mZ,0 w+ 

ii tt 
Q 

i 
I 

i 
1 ;++- 

m$+,- 

0 I 2 3 

m$s- [heVIcE 1 2] 5,,IA2 

5. (b) The Dalitz plot for Do --) Kox+R-, and the three projections. 



. - 
(u 
- 
N 

V 

3 

s 
- 

0 

d 

\ 
z 

‘(u 

s- 

s 

d 

z 

.d. 

3 

cu 
c 
s” 
s - 
0 

5 
\ 

z 

T 
G- 

V 

5 

s 

z 

0 
t 

+ 
(Vt 

E 

5-87 

30 

20 

IO 

0 
25 
20 

I5 

IO 

5 

2g 

20 

I5 

IO 

5 

0 

I.5 

I.0 

0.5 

0 

I I I I I 
I 

+ I mz0 n+ 

I 2 
2 

mK” no [( GeV/c2J2] 

5. (e) The Dalitz plot for D+ + Efox+~O, and the three projections. 

. 

. 



iu’ 
27 

0 

3 

s 

e 

s 

z 

- 
N 

c 

s 

s 

‘3; 

9 

.o. 

3 

k . - (u 
5 
G Y 
0 

3 
\ 

z 

77 
z- 0 

3 
s 

x 

+ 
t 

+ 
tut 

E 

S-87 

100 

80 
60 

40 

20 

I25 - low 

IO0 
75 

50 

25 

I .5 

I .o 

0.5 

0 L 
0 I 2 

2 
mK-T+ [(GeV/c2)2] 

5. (d) The Dalitz plot for D+ + K-%+x-, and the three projections. 


