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Abstract

This paper presents recent results fram the Mark {1 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
heen made of the Cabibbo suppressed and mulli-»*'s I} decays backgrounds in
the double tag sample. Next, the Dalitz plot analysis of the I} decays to K#n

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

vector decays.
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1. Introduction

The Mark IIl detector at SPEAR has been used to study the I mesons

praduced in the following reaclion:
et ¢ — ¥(3770) —~ DD

At the center of mass energy near the mass of the ¢{3770), the Mark {1} has
accurnulated a sample corresponding to a total luminosity of 9.56 pb~!. QOne of
the mosi imporlant points about the study of 12 mesons at this energy is the fact
that each of the ['s bas the energy of the heamn. The beam cunstrained mass of

a final state 1 is therefore given by
1 2 2
MBC = P"hum - PI
where Eyom 15 the energy of the electron (positron) beam and ¥, is the momen-

turn of the system 1.

We should emnphasize thal the heam constrained mass gives very good mass
resolution, as well as good rejection of hadronic background coming from non-

charmn preduction.

2. Reanalysis of the Direct Measurement
of Lthe 7 lladronic Branching Ratios

When one of the L' is reconstructed, we call this a sipgle tag and when
the event s fully reconstructed, it is a double tag.

The number of single tag signal events is given by:
5, Npp 8o (h

where N, is the total number of 1) produced, S, ix the numher of signed
events for the [ decay o the final state 5, H, is the branching ratio of the 1)

deray Lo the final state 1 and ¢ 15 the Alliciency corresponding for the final state
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In a similar way, the number of double tag events is given by
D, - ND}'j B, B¢, , (2)

where D, is the number of signal events in which one D decays to the final
atate 3 and the other one decays to the fina! state j, and ¢;; ia the efficiency to

tecanstructed the ¢ and 3 final state.

There are two differents approaches possible for 1he measurement of the

branching ratios:

A) The.indirect method: In this method, the number of {2} pairs in relation
(1) is given by the croms section g (¢! e” — D)) and the luminosity, This
cross section ix 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 (1}. We can note however that there is no
constraint on the measurement. {Moreaver, we need to assume that the
frranching fraction of ${3770) to 121 15 100, and that the ratio of newtral

1o cliarged D praduction is known)

13) The direct method. Ths metlead, used by Mark T Teads 1o the brane oy,
fractions independent of the cross section and of the ratio of neutral to
charged I production. Moreover, in this method the measurement of the
Lirancbiag fractions is dome e a constrained it The single lags and the
double tags are nsed simultaueousdy to it the brandhing fractions. Taking
the example of two different decays, called T and 2 we would have a set of
lve expermiental measurenents, 50 5 for the smgle tags, Thy. D and
g lor the double tags Using the rebasons (8) and {2), we can see thal
the only ubhpown paranuters are N and the beanchmge fractions 1) and

;0 Wath the Byve mearurenients, the parametees can be olitain through a

To use this method we need o extraa the singhe tag and the double tag
mumbiers Ticthe previans analysis of Mark 11, these numbers (8, and 1,,) were

abliained by the Tollowing procedure:



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

dE/dx sampling measurements in the drift chambes.

Kinematic fit of the event { using the beam constraint}.

e x° tnass constraint added where appropriate.

A loose cut on the x? of the kinematic fit.

Use the side band below the D) mass to fit the background level, and obtain
the numbers of signal events (S; and Dy;).

However, an extensive Monte Carlo of D decays has shown that if one D
decay is corvectly measured, the Yinematic By does not reject certain real I}

decay backgrounds for the second one.
Two types of backgrounds from real 12 decays are not rejected:

1) Erroueous particle identification (kaon vs. pion) coming fram Cabibbo sup-
pressed decays. As an example, the double tag sample K*'a vs. K x?

is contaminated by (K*'» wvs.n'sn dand (K*'z vs. K*R ).

2} Missing solt 2° coming frum Cabibbo Allowed decays  Taking the same
crample, the double tag sample K'n vs. K o' is romaminatet by

K'n vs K nta"
These type of backgrounds cannot be Tully rejected by a tighter cut on v oof the
kinematic fit. Figures 1{a-d} show the ¢ distributions from Monte Carlo for the
double tag sample {(here Komovs K oa s tahen as an example). Fooere Tlag showes
the distributwon far the signal, Fygs (b)) and i(c] for the tiest backgeaung and

Fig 1{d) lor the sccond background.,

One methad Lo regect Lhese backgronnds is to mtrodnce the Jith rence brtween
the htted mass (M mass from the beam canstrained hinematye fit) and the

raw wivariant sass (M) A M Ay, M

For background ty pe one, the riow nomentum is strctdy equal Lo the firted!
one, while the it shifts the mass toward the [) mass. Hawever, the raw invarian
mass is dilferent from the 17 mass, and consequently the AM var.able is ~hifted

from zere. For the background type 2, the fitted mass is abour the 12 mas-.
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and the momentum is not very different (lor soft #"), but the AM variable
is again shifted from zera. Taking again the example of the double tag sample
K= vs. Hn , 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 op 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 {doubtis tag Kx
vs. Kx). Figure 3(b) shows the Monte Carlo distributions for the signal and
the background #%a~ (cross hatched), A+ K~ (shaded) and K+ n~%x°(solid). In
conclusion, background of real I decays can be rejected, using a cut on the AM
varizble.

Checking the eventis rejected by this cut, in the case of decays containing one
7", indicates the presence of I? decays containing more than one z°, For example,
for the double tag sample of the D% — K~ x*x° the largest background in the
previous analysis comes from the decay D® — K “w¥n°x°. In the double tag
K r  vi. K #7x°%° 24 1 5 events are observed, with eficiency of 7% .
Figure 4 shows the mass spectrum K~ 722" with a clear signal at the D mass.
This is the first evidence far 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 deseribed previously, the new values for the branch-
ing fraction are reported in the Table 1. Globally, a decrease of the order of 21%

- 24% s obtained vs. the old analysis.

DISCLAIMER

This report was prepured as an account of wotk sponsored by un agency o
Government. Neither the United States Government nor any agency then
cmpluyces, makes any wairanty, eapress or umplied, or assumes any legut
bility for the accuracy. completeness, of usclulness of any mfmmquon. ap
process disclosed, or represents that s use would not mfringe privalely o
ence herein to any specific commerciad produtt, process, Of seivive by 5
manufaclurer, or otherwise does not necessarily constitute or wnply us «
mendation, or favoring by the United States Government o1 dny agenc)
und opinions of nuthors expressed herein do net necessarly slate or

United States Government or any agency thereof.
5



¢ ol the Unied States
crcof. nor any of ther
ik lahility o1 responsi-
apparatus, product, or
, vwned nghts. Refer-
rade name, trademark,
s cidurseinent, recom-
iy thereol The views
r teflect thuse of the

Table 1. 12* and D* Branching Fractions

Decay Mode

Branching Fraction (%)

{a) Results of Global Fits

P — K-xt 42+04104
D K xtart 91108208
D= K- mtx® 13.3+1.24 1.3
DY = K x'xn? 9.1+1.3404
DY — Kox? 32405102
Dt — Kentn® 10.2+2.54 16
Dt - Kontx =t 6.6+ 1.5+ 0.5

(b) New Double Tag Measurement
rXr— K xtrx® 149+ 3.7+ 3.0

{c) Corrected Values for Previons Measurements

DK K 0.51 t 0.09 1 0.07
D e rta .14 £ 0.04 £ 0.03
DKo 086 1630 03

0 KK Koo e 0.85 ‘(37 1030

D"« K°R" « 0460 at 90% C.L.
o pte? -~ 0.0172 at 90% C.1L..
DY KUK 1.01 £ 0.32 2 017
DY sxta n? 0.8 ¢ 8151 004
i K K'2.. .. N5+ 0,25 £ 0.0
IR A Y DTT ¢ 0,22 : 01
7 A S 044 1 020 4 010




A check has been performed {o test quantitatively our understanding of the
background rejection. Using the new values of the byanching fractions in the
Monte Carlo, Table 2 summarizes the rejection due to the AM cut for the
Monte Cario and the reaf double tag sample ir. the old analysis. A loss of 176
& 21 even's ir observed on real datx, in agreement with the 168 1 13 expected
from all D background sources simulated in the Monte Carlo.

Table 2. Signal Events Removed by AM Cut

Double Tag Combination fanm Predicted Obeerved
Loss Loag
K=+ va. Kta— 0.95 6:+2 1144
K-+ va. Ktx-x® 0.66 48+ 6 504 8
K-t va, Kt =z~ 2% 092 11 %2 13£5

K-—=s*x° va. Ktypix® 0.51 499 3414
K—xta® ve, Ktw—a~at 0867 40+868 53410

K-x¥r*y™ wvs. Ktp~a~xt DO} 21 1+3
X =ty v, Kz~ 0.93 2+1 241
HK-n5tat vs. Ktn—=n" 0.04 441 B43
K ntynt va. Kom-gn" .72 642 4+ 4

- e oo

Now, fitting the single and double tag sample, we obitain the branching frac-
tions and the number of /31 pairs. Table 3 shows the comparison between the
vbserved number of events and the prediciions from the £t {in parentheses).
From the fitted value of Nyp and the luminasity, the following eross sections
atrc obtained: opu - (6.8 2 0.5 4 0.6) nband 6ps = (4.240.6£0.3) nb. Finally,
we note thal the recent result,” for the branching fraction DY — K- 2%, aprers

with the value presented here.



Table 3. Comparison of Observed Numbers of Events

and the Predictions from the Fit {in parentheses)

B* Taga K*x~ K¥n~n®* Kta~x- <t

K-xt 155 0+7 36 L6
(0£2) (45+4  (4124)

H-a*a® - 28 1 8) 509
{27+3) {46 3 43

Knxtxte~ - - 20+5
(16+2)

Single Tags ©63+37 103564  1022:55
(949 £ 36) (1065 + 58) (1028 4 52}

Dt Tags K°x~ K+ x— Kox=x®  K°x~x—axt
K nx%tnt* 11+4 316 1345 T+4
0+1)  (33+5) {942) (+2)

Single Tags 161+ 14 1175442 160 + 32 168 + 27
(1634 14) (1172 +42) (1692 35) (162 £ 29)

3. Dalitz Plat Analysis of D Decay to K=n

The Dalitz plot analysis of four differont I decays has been performed, to
abtatn the relative contribution of three-bady {pseudaoscalat) non-resonant decay
and the pseudoscalar-vectar {PV) components. Such a study pravides informa-

tion on the mechanisma of heavy quark decay and hadronization.

The four decays studied herein are: D° ~ K~ n* 2%, B° -« Kem'n , 1°
Rox'zo, and D* — K -x*2*. % The sample comes from single tag seloction
among the DD events produced at the {3770} As seen before, each Dos
carrying the beam energy, and using this constraint imj eves the mass resolulion.
The Kzr candidates with beam constrained mass within 5 MeV of the I7 mass

are selecled.

The PV and three-body branching fractions in each channel are determined

8



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 aa-
sumed to be constant over the Dalitz plot, except in the decay D+ — K~x*x™,
where a non-uniform non-resonant ¢ontribution is needed to 6t correctly the
Dalitz plot distribution. An ‘sd 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 — Kxx Fit Resulta

Decay |[Fit Fraction| Phase o-B Branching Fr.
Mode (%) (degrees) (nb) (%)
K-x*%° D.76 £ 0.04 £ 008 |13.3+£1.2+1.3

K »* 813+ 6| 00 [062+0021009{108+04+1.7
K* = |12+24 3|154+11|0.28+3.04+008| 49+07+1.5
Rox® 113424 3| 7% T(0152002+004) 26103407
4| 52+ 9/007+0024£003! 1.2+0.2+06

HK's*x 0,3710.03+003| 6.4205+1.0
K%° 112214+ 7] 93+30)0.0440.012002| 0.8+0.1+0.5
K* =* 564+ 65| 00 (03110021005 5340410
 non-res (335210 - D.12+0.02+0.04| 2.1+03+£0.7
K% *n? 042+ 008+ 0.08010.24+254+186
K'p* |6828+12| 00 [029+0031009| 69+08:+2.3
HOox* |1946+ 6| 434:23|0.24+0074+0.10| 5941925
non-tes. [13+ 7+ 8 |250+19|0.05+003+004| 1.3+0.7+09

- - - —

K n'=n* 039+001+£003| 921 +1.3+04

non-res, | 9+2%

Ktz 11341+ 710548 {0.0B+001+0.04| 1.840211.0

| non Tes. | 9%72135 0.0 03110031010 7.24206+1.8




The reaults can be used to test two typical recents models, extensions of
the naive spectator model], tuned to the D — K= branching raties. In model
1, the W exchange diagram in introduced while in model 2, the eflective
hadronic mass matrix elements include non-perturbative corrections to the QCD
coefficients, Tak'e 5 presents the measured and the predicted values for the
following ratics:

Table 5. Decay Width Ratios Compared with Theory

Ratio Mark M Model 1'% | Model 2™

ez losotoorro1s {0124 -02m1| 043
Pemer) |0.07£001 £0.04 0,035 -0.135|  0.08

Mbodel 2 seems to be fuvered, and the introduction of the W-exchange diagram
it not needed to describe our measurement of the decay D — Kxx,

From the results of the fit, we can also extract the relative isospin amplitudes
and phases, The relations between the different amplitudes for the Kxx final
state, and the isoapin amplitudes A; and Ai and phase shifts 6;, 6; are described
in Ref. 6. From the fit results of Table 4, the following relations are obtained:

D~ Kp: |4y /Ay| =312 040, 8y — 63 = (0 £ 26)°
D— K'x: |4;/Ag] = 3.22 £ 097, by - 8y ~ (841 13)°
D Kn: |A;/A;]=3.6710.27. by =8y = (171 1)°

The phase shift differences are clearly not compatible with zere in the K*x and
M mode, indicating sizeable final state interactions for these modes. This fact
is relevant for the decay D to ¢K."

In addition to the relative branching fraction of P-V vs. three-body non-
resonant, no evidence is found for any known X* resonances other than X *(892),
or exotic process { x*x* gtales, non-resonnant P-wave K2 or D-wave n= ampli-

tudes ).



4, Couclusions

Resuits of the Mark Il detector 2t SPEAR in the open charm sector has been
prescnted. The reanaiyeis of the direct mrasurement of the hadronic branching
fractions, accounting for the background from real ) decays in the double tags,
has led to » decrease of the aorder of 21% - 24% . Using a zingle tag sample, a
Dalitz plot analysis has been performed on the 2 — K x x decays, confirming the
importance of the pseudoscalar-vector component va, the three-body decays, We
also note the interesting results not presented here, concerning the upper limits
for the decays D —ve u and D —p v, as well as the results on D° DF mixing,
which give the rea] picture of Mark ITI capadility for I phynica.

11



et

.

References

G. Blaylock, Ph.D. Thesis, University of Illinois, Champaign-Urbana, Iili-
nois, 1986,

. A, Snyder, BRS Collaboration at Interpational Sympoeium oan Produc-

tion and Decay of Heavy Flavors, Stanford University, Stanford, California,
September 1987, to be published,

. Throughout this paper we adopt the convention that the reference to a

atate also implies reference to its charged conjugate.

. A.N. Kamsl), SLAC-PUB-3443, {1986); A.N. Kamal, Phrs. Rev. D33, 1346

(1986).

. D. Fakiror and B. Stech, Nucl. Phys. B183, 315 (1978); M. Bauer and

B. Stech, Phys. Lett. B162, 380 (1985); M. Bauer ct ol., Z. Phys, C34,
103 (1987).

. R. Riick], Habilitationschrift, Univ. of Munich, (1983).

. J.F. Donoghue, University of Massachusetts, Amherst, Massachusetts, pre-

print UMHEP-24] (1986);

F. Hussain and AN, Kamal, University of Alberta, pre-print THY-1-86,
(1986).

B. Stech, Perspectives in Electrowcak Interactions and Unified Theories,
XXI Mariond Conference, ed. J. Tran Than Van, (1986).

12



Figures Captions

. Distribution of the x? of the kinematic fit for the signal (a) K= va. K, for
bactground type Y, {b) Kn vs. nx, {¢) K= vs. KK and background type
2, (d) K vs. Kxx",

, M: from fits to K~ x* va. K™r~ from Monte Carlo simulations of
(¢) K~=x% vs. Ktx—, (b) K~x* vs. atx~ ((ehaded), XTx~x" (cross-
hatched), and K+ K~ (solid}).

. AM for (a) the origina! data, and (¥) Monte Carlo simulations of (i) the sig-
nal (K~x* vs. K*57), and {f1) the backgrourds (K~ =t va. ™ x% (cross-
hatched), K=t vs. X tx~x* (solid), and K=+ vs. K~ X+ (shaded)). The
relative size of signal and background in {b) reflect that which is expected
in the data.

. Fitted mass M; for K*x~ vs. K~ ntx"x®.

. {e¢} The Dalitz plot for D° — K~#*x°, and the three projections, shown as
data points. The results of the fit are shown as histograms superimposed
on Lthe 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.

(8) The Dalitz ploc for D* — Xontx—, and the three projections.

(¢) The Dalitz plot for D* — Ken*#®, and the three projections.

{d) The Dalitz plot for D* — K~ x*x~, and the three projections.
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1. Distribution of the x¥ of the kinematic it for the signal (a) K'x va. Kx,
for background type 1, (8) Kx vs. x¥, (¢) Kx vs. KK
and background type 2, {d) Kx ve, Kxx*.




.
2000 | (o) -
1500 | L -
1000 | -

NU

3 500 | -

(&)

8

5 o PR L PR

g

e 10 ) 7

w

2

w., —

1.83 1.85 1.87 1.89
Mass  (Gevrc?) rsam

07

2. My from fts to K~x* va. K*x~ from Monte Carly simulations of
{8) X~»* va. K*x~,
(8) K~u* va. (x*»x~ (shaded), K*+s~x* (cross-hatched), and K*K"
(salid)).



EVENTS /(0.02 Gev/e?)

4-87

data.

40

0

1000

300

200

0

-0.4

{a)

o n

(b)

-0.2

am  (Gev/e?)
3. AM for (a) the original data, and (4) Monte Carlo simulations of
(¥) the signa! (K= 2* va. K*x~), and
(¥} the backgrounds (K~ x* va. £~ 2% (cross-hatched),
K-x* vs. K*2~x* (30lid), and K=«* ve. K- K* (shaded)). The relative
size of signal and background in (3) reflect that which is expected in the
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5. {a) The Dalits plot for D* — K~ x*x*, and the three projections, shown
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posed on the projections, The lower histogram in each projection givea the
contribution from backg:ound events, while the upper histogram gives the

total contribution from signal plus backgrat.nd.
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5. (§) The Dalitz plot for D* —~ Kex*x~, and the three projections.
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5. {¢) The Dalitz plot for D* -+ Ken*x®, and the three projections.
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S. (d) The Dalitz plot for D* — K~x*x~, and the three projections,



