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Recent Results for Mark III* 

J BAN-CLAUDE BRIENT" 

/Representing the Mark III Collaboration' 

Abstract 

This paper presents recent results from the Mark 111 detector at iil 'EAR. in 

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

measurement of the D hadrnnic branching Fractions, where a detailed Study has 

heen made of the Cabibbo suppressed and niulti-ir'"s D decays backgrounds in 

th*> double tag sample. Next, the Dalitz plot analysis of the D decays to KTTIT 

IF presented, leading to the relative fractions of three-body versus pscudoscalar-

vector decays. 
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Mk Mew 
l. Introduction 

The Marie III detector at SPEAR has been used to study the D meson? 

produced in the following reaction: 

e> e~ -» ^(3770) - DD 

At the center of mass energy near the mass of the ^(3770), the Mark Hi has 

accumulated a sample corresponding to a total luminosity of 11.56 p6~'. One nf 

the mosl important points about the study of P mesons at this energy is the fact 

tha t each of the D'a has the energy of the beam. The beam constrained mass of 

a final state i is therefore given by 

wherr Ettam i s 'he energy of the electron (positron) beam and /', is the momen­

tum of the system i. 

We should emphasize thai the beam constrained mass give* very good ma** 

resolution, as well as good rejection of hadronit background coming from tinn-

eharin production. 

2. Keanalysis of the Direct Measurement 
of the I) lladronir Branch ins Kalios 

When one of the D's IH reronslruded, we cull this a Kii'^b' l;ij; iinrl uihi-u 

the event is fully reconstructed, it is a d o u b l e lag . 

The number of single Lag signal events is given by-

•S 2NIttlHtt, . (I) 

where A',,,, is the total nijnilx'f of 1)1) produced, .*>, i* tin* number of signal 

events for the I) decay lo the final stale t, 11, is the br.iiprhirij; ratio of lh<- 1> 

ileray to the final state i and (, is the .'llirienr.y correspondittti f"r tin- final stale 

l i j i f t j l £ n '••-•'•••>• ':-!,i '•" '-;S :" ;': ;.'"'-s; \; tr,..•-.-.-.ra ef 



In a similar way, the number of double lag events is given by 

D V - *DD * . ®t <V • <2> 

where £\j 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 c,j is the efficiency to 

reconstructed the i and j final state. 

There are two difTercnts approaches possible foi ibe measurement of the 

branching ratios: 

A) The.indiject meth.t)d: In this method, the number of D() pairs in relation 

(1) is given by the cross section a [e* e -* DP) and the luminosity. This 

cross Bection Us obtained by a scan in center of mass energy, through the 

^'(3770) resonance. Consequently the branching fraction for each decay 

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

constraint on the measurement. {Moreover, we nec<! to assume that the 

branching fraction of rj'(;i770] to })!> i.s I00"i>, and that the ratio oT neutral 

In i li.ir(',<'il I) |ir(i(lui 1 ion is known) 

H) The direct inelhotl. Tin* method, used |iy Marl* l i t , tents to tin- lir;tnc lu»|'. 

fractions independent of the r tms section and of the ratio of rifuLral to 

charged [) production. Moreover, in tins incthoti the nieaMlrenu'iit or the 

brain hiug frac (ions is done m a const rained fit The single lags and the 

double t.if- are IIM-I1 simultaneous!*, [•• lit I lie l>riwn Jiing Tractions Takinn. 

thr example of two i| liferent (ii-i , i j s , , .illcii I and 2 we won].1 have a set of 

li\i- i-v-ji-T IIIIITII-II iin-,i>iireiiien1s, >'| . > , for the sili|;]e lags, U\\. !>}-j and 

/J-: lor llir linulili- Lie,-- I MI.); lIn- relations (I) and ('J), w r.in see that 

iIn- orilj unknown paraine'er^ are S,.,, and the brain hint; fractions i'i and 

/ ' ; Willi the lite nie.iMnetiienls. Uie parameters tan tic obtain through a 

"-'I • • l i t . ' 

I'o use this method n r need to i-xtr.i< 1 llie single tag and the double t.ifi 

imliil'ers In the previous analysis of Mark III, these numbers J.S', nnii l)t)) were 

obtained \>\ the Tollowtnj; procedure: 



« Particle identification realized by use of the Time-of-Flight counters and 

dE/dx sampling measurements in the drift chamber. 

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

• 7° mass constraint added where appropriate. 

• A IOOSD cut on the x1 °f 'he kinematic 6t. 

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

the numbers of signal event* (5, and Dij). 

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

decay » cotrectty mcaauteo, 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 rpjected: 

1) Erroneous particle identification (kaon vs. piori) comiuR from Caiiihbo *u.*p-

prossed decays. As an example, the double tag sample K * * vs. K x+ 

is contaminated by [hi * it vs. n ' n ) and [K ' « vs. K ' K ). 

'1) Missing sr>ri 7i" (oiniilg From ('abihbo Allowed decays Taking tin- same 

example, the double t«n sample H * n v*>. K T\ is rolilaminatei) by 

A" ' * VS. K JI ' 71". 

These type of backgrounds cannot be fully rejected l>y a tighter m i on \-' "f (lie 

kinematic lit. Figure* l[a-d) show Hie \' distributions from Miinie f "arli> for T f > - -

double Ujl sample (here K * vs A " Is tilkcn ils .ID example). Vnyti | |.i) slmw-. 

the <listri|iu:ii>ji for I he signal. Figs 1(b) anil !(<-] for the lirst h.i< ke.t(uniil .mil 

Kin If 1 ') Tor the second background. 

One uiillintj Ui reject these Uiirkj;rnimdi4 is to ml rodm t- llie ilifi rente between 

the lilted mass (A/-(( mass from the |>ran> cnliMrai-ii'd knielii.it n lit) inn: I in 

tAw invariant maxs ( M l n r ) ' . AM M/j, Ai, n l.. 

For uackfiromid l>pe one. the riiw momentum is strictly eipi.il to the lilte.' 

one. white the lit shifts the mass toward the I) mass. However, the raw in\,iri;iui 

mass is different from the D mass, and consequently the AA/ varaMe i-- -.(lifted 

from 2cro. For the background type 2, the fitted mass is about the 1> ma,*"-. 

V 
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and the momentum is not very different (for soft JT"), but the AM variable 

is again shifted from zero. Taking again the example of the doub\e lag sample 

Kir vs. A'n , Fig- 2(a) shows the litled mass distribution for the Bignal 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 AAf distribution for the real data (double tag KTC 

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

the background ? r + *" (cross hatched), K+K~ (shaded) and Jf + ir~*°(5olid). In 

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

variable. 

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

ir", indicates the ureseuce of D decayB containing more than one x°. For example, 

for the double tag sample of the LP -» K~i r + « < l , the largest background in the 

previous analysis comes from the decay D° -* K 7 r + 7rV. In the double tag 

K"n' vs. K ' f f ^ T V , 24 i 5 events are observed, with efficiency of 7% . 

Figure A shows the mass spectrum K ~ n + x"it" with a clear signal al 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 typv 2. 

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

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

- 24% is obtainrd vs. the old analysis 
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Table 1 IT and D 4 Branching Fractions 

Decay Mode Branching Fraction [%) 

(a) Hraults of Global Fits 

IT - K-^ 4.2 ± 0.4 ± 0.-1 
£)° -» K-^it'T* 9.1 ±0.8 ±0.8 
O"-* K-TrAir" 1 3 . 3 ± 1 . 2 ± I . 3 
Z) + - K-x*** 9.1 ± 1.3 ±0 .4 
D+ -» r W " 3.2 ± 0.5 ± 0.2 

10.2 ± 2 . 5 1 1.6 
6.6 ± 1.5 ± 0 . 5 

IT 

(b) New Double Tag Measurement 

14.9 ± 3.7 ± 3.0 

(c) CorrecU'd Values for Previous Measurements 

P" - K H4 

/;** - t ' l r 

/;" • K"<p 
IT . K'K * *„„„ r t , 
IT * rl"K" 
IT W ' V 
IT • K'K" 
IT * * * a ?! ' 

{)' • * « • » : . . « » 

!)' • < ^ * 
!>' . K' K'" 

0.51 i 0.09 1 0.07 
0.1-1 i 0.0-1 ± 0.0;i 
0.K6 
Q.8.r> 

10.50 +0 31 
• a.41 - o.m 
HIJJ +0.3P 

0.24 O.IS 
0.1 IK) ill 90% C.L. 
Q.Ol'i at 90% C.L. 
1.01 i 0.32 i I) 17 
0.3W i 0.15 1 0 0<> 
(1 VI t ().2.r> : ().0'.l 
0.77 t 0.22 : () 11 
0.11 t 0.2(1 * 0 10 



A cheek has been performed to test quantitatively our understanding of the 
background rejection. IMng 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 lows of 176 
± 21 events a obaerved on real data, in agreement with the 168 ± 13 expected 
from all D background sources simulated in the Monte Carlo. 

Tabk 2. Signal Events Removed by AM Cut 

Double Tag Combination /&« Predicted Observed 
Loea Loss 

K~if* vs. K+7C- 0.95 6 ± 2 1 H 4 
K~*+ vs. K+7t-lr<> 0 < J 6 48 ± 0 5 0 ± 8 
K~f* vs. K+ic-*-** 0.92 11 ±2 13 ± 5 
K-^n" vs. K + w + * a 0.51 49 ± 9 34 ± 1 4 
K-^%" vs. K+ir-ir-*+ 0.67 40 ± 8 53 ± 10 
K-x+ir+n~ vs. K" + ST-JT^* + D.91 2 ± 1 1 ± 3 

K-x*-*-* vs. K"K~ 0.93 2 ± I 2 ± 1 
K'^n* vs. K^TS'ii' 0.94 4 ± 1 8 ± 3 
Jt"-3E + B + !«.«. K"*~7t" 0.72 6 * 2 4 ± 4 

Now, fitting the single and double tag sample, We obtain the branching frac­
tions and the number of Dl) pairs. Table 3 shows the comparison between the 
observed number of events and the predictions from the fit în parentheses). 
From the fitted value of Nori and the luminosity, the following cross sections 
arc obtained: o p u (5.8 i 0.5 i 0.6) nb and <JD± ~ (4.2 ±0.6 ± 0-3) nb. Finally, 
we nou- that the rectal result,'" for th« brauchisig. fraction D° -* K' s"*, agrees 
with thr valur presented here. 

1 



Table 3. Comparison of Observed Numbers of Events 
and the Predictions from the Fit {in parentheses) 

D*Taga K+it- K+x-n6 K+*-*-** 

K~n+ lS ± 5 50 ± 7 36 ± 6 
(20 ±2) (45 ±4) (41 ± 4) 

if~w"+ff° — 28 ±8) 
(27 ±3) 

50 ± 9 
(46 ± 4) 

K - *" 1 - *** - — — 20 ± 5 
(16 ± 2) 

Single Tags 963 ±37 1035 ± 64 1022 ± 55 
((MS ±36) (1065 ± 58) (1028 ± 52) 

D + T » g s KV~ K+*-*- K-jr-jr 0 K*ir"ir_»r+ 

K~*+7r + 11±4 31 ± 6 13 ± 5 7 ± 4 
( 9 ± l ) (33 ± 5) (9 ±2) (±2) 

Single Tags 161 ± 14 U7S±42 160 ±32 168 ± 27 
(163 ± 14) (1172 ±42) (169 ±35) (152 ± 29) 

3, Dalitz Plot Analysis of D Decay to Kirs' 

The Dalits piot analysis of four ^'liferent D decays has been performed, to 
obtain the relative contribution of throe-body (pscudoscalat) non-resonant decay 
and the pscudoscalar-vector (PV) components. Such a study provides informa­
tion on the mechanisms of heavy quark decay and hadronizatioii. 

The four decays studied herein are: D° - ICrt^ n", Dn -- ft"* T n , 0' -
K"x4 »", and D* -* K" i r > « ' t . " : The sample comes from single tag selection 
among the Dt> events produced at the ^(3770). As seen before, each l> is 
carrying the beam energy, and using this constraint imj -ovesthe mass resolution. 
The Knit 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 U as­
sumed to be constant over t ie Dalits plot, except in the decay D+ -» K~x+x+, 
where a non-uniform non-resonant contribution is needed to 6t correctly th« 
Dalits plot distribution. An 'ad hoc' form is used, which is chosen to give the 
best fit probability. The fit result* are presented in Table 4 and illustrated in 
Fig 5 

Table 4. D -» K*x Fit Results 

Decay 
Mode 

Fit Fraction 
(96) 

Phase 
(degrees) (nb) 

Branching Fr. 
( « ) 

K P* 
K' ** 

non-res. 

81 ± 3 ± 6 

1 2 ± 2 ± 3 

1 3 ± 2 ± 3 

9 ± 2 ± 4 

0.0 

154 ±11 

7 ± 7 

52 ± 9 

0.76 ± 0.04 ± 0.08 

0.62 ±0.02 ±0.09 

0.28 ± 0.04 ± 0.08 

0.15 ± 0.02 ± 0.04 

0.07 ± 0.02 ± 0.03 

13.3 ±1.2 ±1.3 

10.8 ± 0.4 ± 1.7 

4.9 ±0.7 ±1.5 

2.6 ± 0.3 ± 0.7 

1.2 ±0.2 ±0.6 

fc>*** 

K' ** 

non -res 

12 ± 1 ± 7 

5 6 ± 4 ± 5 

33 ± 5 ± 10 

93 ±30 

0.0 

0,37 ± 0.03 ± 0.03 

0.04 ± 0.01 ± 0.02 

0-31 ± 0-02 ± 0.05 

0.12 ±0.02 ±0.04 

6.4 ±0.5 ±1.0 

0.8 ±0.1 ±0.5 

5.3 ±0.4 ±1.0 

2.1 ±0.3 ±0.7 

rY0***0 

#V 
AT0** 

non-res. 

6 8 ± 8 ± 1 2 

I 9 ± 6 ± 6 

1 3 ± 7 ± 8 

0.0 

43 ±23 

250 ± 19 

0.42 ± 0.08 ± 0.08 

0.29 ± 0.03 ± 0.09 

0.24 ±0.07 ±0.10 

0.05 ± 0.03 ± 0.04 

10.2 ±2.5 ±1.6 

6.9 ± 0.8 ± 2.3 

5.9 ± 1.9 ±2.5 

1.3 ±0.7 ±0.9 

I 
| non res. 

13 ± 1 ± 7 

| 79 ± 7 ± 15 

105 ± 8 

0.0 

0.39 ± 0.01 ± 0.03 

0.08 ± 0.01 ± 0.04 

0.31 ±0.03 ±0.10 

9.1 ± 1.3 ±0.4 

1.8 ± 0.2 ± 1.0 

7.2 ± 0.6 ± 1.8 

9 



The results can be used to test two typical recents models, extensions of 
the naive spectator mode), tuned to the D —* Kit branching ratios. In model 
l,'*1 the W exchange diagram us introduced while in model 2,"1 the effective 
hadronic mwt matrix elements include non-perturbative corrections to the QCD 
coefficients. Tab'e 5 presents the measured and the predicted values for the 
following ratios: 

Table 5. Decay Width Ratios Compared with Theory 

Ratio Mark m Model i w Model 2 W 

r<»»-»K-«+] 
JPJ?-***"'* rrtJ^if'Vi 

0.60 ± 0.07 ± 0.1510.124 - 0.271 
0.07 ± 0.01 ± 0.04 J 0.036 - 0.135 

0.43 
0.08 

Model 2 seems to be favored, and the introduction or the W-exchange diagram 
is not needed to describe our measurement of the decay D —Knx. 

From the results of the lit, we can also extract the relative isospin amplitudes 
and phases. The relations between the different amplitudes for the Kx* final 
state, and the isospin amplitudes A > and At and phase shifts £•, ti are described 

5 1 I 5 

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

D^Kp: \At/A>\ = 3.12 ±0.40, S, ~ 6i = {0 ± 20)" 
D — t f ' w : \A,jA*\ = 3.22 ±0.97, * , - * , - (84 i 13)* 

D - t f r r : \At/A*i\ = 3.67 ±0.27, 6j - *j = (77-Ml)° 

The phase shift differences are clearly not compatible with zero in the K'T and 
KJT mode, indicating sizeable final state interactions fur these modes. This fact 
is relevant Tor the decay D to $K.m 

In addition to the relative branching fraction of P-V vs. three-body non-
resonant, no evidence is found for any known /C* resonances other than K'(892), 
or exotic process ( ir +ir + states, non-resonnanl P-wave Kn or D-wavc *•*• ampli­
tudes ). 

10 



4. Conclusions 

Results of the Mark in detector at SPEAR in the open charm sector has been 
presented. The reamiiyeis of the direct msaaurement of the hadronic branching 
fraction*, accounting for the background from real D decays in the double tags, 
h u led to a decrease of the order of 21% - 24% . Using a single tag sample, a 
D&litz plot analysis has been performed on the V —*K TT T decays, confirming the 
importance of the pseudoBcalar-vcctor component vo, the three-body decays. We 
alio note the interesting results not presented here, concerning the upper limits 
for the decays D —*t ti and D —«/i v, as well as the results on ZJ° D° mixing, 
which give the real picture of Mark m capability for D physics. 
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Figures Captions 

1. Distribution of the x 2 of the kinematic fit for the signal (a) Kit vs. Kn, for 
background type 1, [b) Km VA. HIT, (C) KZ VS. KK and background type 
2, (<f) Kv va. K*r\ 

2. Ms from fits to K~is+ vs. Jf"*"*- from Monte Carlo aimulatjonB of 
(o) J T - * + vs. K+*~< (6) / f - i r + vs. *+*' ((shaded), X" +ir _tt ' (cross-
hatched), and K+K~ (solid)). 

3. AAf for («) the original, data, and (fr) Monte Carlo simulationsof (t) the sig­
nal [K~*+ vs. ff +w~), and {«) the backgrounds [K~*+ vs. jr~jr+ (cross-
hatched), K-*+ vs. K+V-T* (solid),wid K~7r+ VS. K~K+ (shaded)). The 
relative size of aignal and background In (6) reflect that which it expected 
in the data. 

4. Fitted mass M, for K+ir~ vs. Jf~jr+fl-°jr°. 

5. (a) The Dalitz plot for D° -» K~if+*c, and the three projections, shown as 
data prints. 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. 
(t) The Dalitz pirn far D" — KaJr+jr~, and the three projections, 
ft) The Dalitz plot for D+ -* K'jr+Tr", and the three projections. 
(d) The Dalitz plot for D 4 —* /f _ ff + 7r _ , and the three projections. 
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5. (a) The Dilifi plot Tor D* ~* K~**x*> »nd the three projections, shown 
u dktft pointa. The results of the fit ire shown u hla:o?ram3 superim­
posed on the projections. The lower histogram in each projection gives the 
contribution from back?:ound events, while the upper histogram gives the 
totfcl contribution from signal plus bacltgroi nd. 
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5. (6) The Daliti plot for D* — rW+ir", and the thite projections. 
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5. (c) The DiliU plot for 0 + - • K'W***, v»i th« lhr« projections. 
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5. (rf) The Daliti plot for £>+ -» K"~*+*~, and the three projections. 


