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- _ ABSTRACT -

We discuss charmed meson production through two body
processes in ete- annihilation. Evidence for states of
charm excitation beyond the D* is obtained through an
analysis of the recoil spectrum agaxnst D*s produced at
Ecm = 4.415 GeV. Direct observation of the reaction
p*+.+ 9+D? in SPEAR data taken at Ecm exceeding.5 GeV
will then b2 discussed. This reaction provides an ex-
tremely accurate determxnatlon of the D**,n0 mass dif-
ference ‘(Mpws - Mpo. = 145.3 * 0.5 Mev/cz) and-a new upper

11m1t on-D0 - D° mixing- effects. . The results of fits to
the DY,D+ recoil.spectrum will then be discussed. These
fits prov1de,con51derablg information on the masses, pro-
duction mechanisms, and decays of charmed mesons. This
will be followed by a brief presentation of the known
cross sections for charmed .meson production and decay and
an.analysis of p9551b1e resonant structure in the decay
products of .the DO and D*. Lastly, we_discuss a bubble
chamber D? candidate submitted by Hagoplan et al., of
Florida State Unlver51tv ~

PRESE\TATIO\ OF CHARM SIGNALS

Much of thxs talk describes data from the SLAC- LBL coliabora-
tion's .experiment on e*e- annihilation conducted at the Magnetic
Detector at SPEAR. Fig. 1 shows a schematic of the Magnetic Detec-
tor. Momentum measurement is afforded by system of two proportional

. chambers and four wire spark . chambers which cover the polar angle

region cosel < 0.65. ‘Momentun resolution is, approx1ma1ely 1.2%
at 1 GeV/c. .Particle 1dent1f1catlon is achieved -using time-of-.

~flight 1nformat10n provided by a cylinder of 4§ scintillation coun-

ters. placed at a radiis of 1. 5 m. “This- system has a R.M.5. time
resolutlon of 0.35 ns over a fl1ght path'of 1.5 to 2.0 m.
Unless othclw1se stated, the data sample consists of 29,000

‘hadronic eveiits (1. =" 1830 nb- l) collected in a non- -uniform scan from

'3.9:t0 4.6 GeV center-of—mas> energy ‘(Ecm)s-and two high statistics,

monoenergetic sampleq collected at Ecm = 4.028 GeV and Ecm = 4.415

‘GeV of luminosity L = 1280 nb-! and 1630 nb-1 respectively. The

scan data was the data set in which charm was originally discov-
ered.! Subsequent to that result, the SLAC-LBL collaboration

*This work was done with supporf from the U.S. Enerpy Rescarch and
Devclopment Administration undef the auspices of the Division of
Physical Research,
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“be
devoted a consndcrablc portion of their rcm:nnmg running to collec-

“tion of data at th ¢ two most promlnent peaks.in the R = OHad/ouu plot
shown in Fig. 2.
. Fig. 3 shows the Knnn, Knn, and Kr 1nvar1ant ‘mass distribution
for the complete data with Ecm = 3.9 to 4.6 GeV.. Each signal has a
width conpatlble with the resolution of its particular channel, In

. Fip.’ 4 wé present evidence for a Ksn*n- decay mode-for the new neu-
tral meson. -The kaons of F;g 3 are selected by a simple track iden-
‘tification algorithm based on time-of- flxght 1nformat10n The meas-
ured time-of-flight for a given track-is compared to the flight time
expected :under . the .pion and kaon hypothesis. .The expected flight
time“is computed fron the measured momentum and reconstructed flight
path. To be tagged as a kaon, the track must. have a flight time more
cons1stent ‘With the kaon hypothesis than the pion hypothesis, and
the x2 for that hypothesis cannot exceed 3. If cither Tequirement is

- v1olatedﬁ or.no t1me-of~f11ght lnformatlon is avallable, the pronn

‘ 1s tagge as-a pion..

' . *'The: Ks's of Fig. 4 are selected by . an 1nvar1ant mass cut. coupled
w;th ‘a geometric, vertex cit,
© " -Before discussing the. recoil system agaxnst these new mesons,
we brxefly list the evidence linking these particles to the (D7,D*)
charmped 1sodoub1et. As' previously mentioned, the new mesons were
dxscovered in e*e-~ annihilation near 4.1 GeV center-of-mass energy.
If one interprets the psion family--the ¢, ¢' and ¢ (4.415)--as cc
bound states, this would bc prime hunting ground for the charmed
mesons. One would expect to find charmed mesons r]ght after the
onset.of the last narrnw resonance of the psion, i.e. directly after
the ¢'.

" The true carmark of charm is a tendency for charmed isodoublet
states to decay into final .states containing a haon. We sec that all
three of the neutral meson's observed decav modes involve kaons. The
observed decay mode of the charged meson into K-=*n* provides a
partxcularly dramatic demonstration of the. GlM mechanism which
causes charmed mesons ‘to decay into kaons. Here the Cabibbko EthnLEU
decay modes for a state of positive charge and charm are into state
of ‘negative strangeness. Such fipal states are labeled exotic, '

'-51nce, if. thev ‘were due to.the strong decay of a new state, the
‘staté could not bé constructed from a quark-anti quark pair of the

.“conventional u,d,s quarks. As we shall demonstrate shortly, hoth
the charged .and ncutral states ‘dppear to have 'states of equal or

igreater mass: recoxl:ng againy't them: Such associated production

¢ “tequiréd. for a state possessing a new quantum number con-

y the electromagnetlc (and strong) interaction. Lastly, a
udy - of the ‘KFntnd palitz plot provides evidence for parity violu-
tlon in thc ‘decays of the now mesonq. by muoch’ the SUmMe Teasoning
as*the 1-0" puzzle of the mid 50's
. Hav:ng prcscnled a guick revxew of the evidence linking the
new mesons to the (D ,D*) charmed isodoublet, we will assume that

";dcntlfxcntxonvthroughout the remainder of this talk.

o - C
A QUAL]TATIVE LOOK AT THE RECOIL SPECTRUM AGAINST CHARMED MESONS

§ou “In Px; Sa. b, and ¢ we show the recoil spectrum against the

. ‘,(Ll)o (1865), thc (K3n)° (1865), and the (K2n)2 (1875) for the ddtd
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- collected from Fem = 3.9 to 4.6 GeV. In Fig. 5 we requxrc the Kin¥
and K atutn- invariant mass. to lie from 1820 to 1900 Mev/c2 , and
tequire the K¥nta® invariadt mass to lie'from 1850 to 1910 MeV/c2.
All three spectra are subtracted spectra, computed with-a fixed o
mass of 1865 MeV/c2. For the ncutral meson, the backgrounds are taken
from’ adJaccnt regions of the Kn and K3n invariant mass plots, while
for the K2n, D* signal, we use a background taken from the non-exotic
Knn system subject to identical cuts in invariant mass. .

Approximately 60% of the legitimate D + K-v* candidates will be
classified as wm or KK by the timé-of-flight tagging system, owing to
our finite time-of-flight resolution. Expcr1menta11v, such misiden-
tified DY candidates can be easily found because they create narrow
reflection peaks in the KK and #7 invariant mass plots. . Exgept for
negligible dlfferences in the energy loss corrections for pions vs.
kaons, the D? momentum will be correctly measured for these reflec-
tion D0 candidates. Thus they can be easily cntered in a recoil mass
distribution if the recoil mass is computed with a fixed D® mass.

All three recoil spectra’ show evidence for sharp recoil peak:,
indicating’ that charm production OLCurS primarily through- two-hody
production processés for the energies under discussion. These peahs
appear at ncarly the same recoil mass for all three signals, but the
area ratios are quite d1fferent for the charged versus the neutral
recoil system.

The peaks shown in . Fig. S appear to represent charmed meson pro-
duction via the neutral :and charged versions of:

e'e” + DD "Reaction (1)
~ DD* + DD* . Reaction (2)
= D*D* Reaction (3).

For D masses near 1870 MeV/c2 and D* masses near 2010 MeV,/c” one ex-
pects reflection peaks due to reactions 2 and 3 to lie at 2010 and
2150 MeV/c? respectively.

The sharpness of the peak ascribed to D*D* production indicates
that D*'s can cascade to D's via pion emission as expected for a pair
of mesons which carry a common conserved quantum number. A yuantita-
tive analysis of the rec011 spectrum, which we shall discuss later,

- shows ev1dence for p*0 - po Y as well, occurrlng at a rate comparable
to D*0 + a0p0. .
In rlg 6a we present the "kn" reconl rspectrum for data -col-
lected at Eci = 4.028. The solid curve -of Fig. ta gives the expec-
‘'ted sha e of ,the DY recoil system for Reactions (2) and (3) where
D*0 & pY4%, . We have Lomputed this curve using a nominal DO ,H*U mass
of . 1865 and 2005 MeV/c? and have JdJustcd the peak areas to crudely
match the data.,
The interpretation of the second peak near 2150 “cV/c~ as a
kinematic reflection of Reaction (3} may appear qurprzslnL in light
of its; narrow width.’ An alternative interpretation is that thik

*. peak is due to the productlon of a higher mass charmed state -at

2150 MeV/c2. This interpretation xs contradicted, -hoivever, hy the
data of Fig. 6b, which shows the D? recoil spectrum :it Ecm = 4.415
GeV. ‘The solid curve again gives the positions .of peaks duc to
Reactions (2) and (3). We :note.that the peak that was at 2150
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“MeV/c? in F1g 6a hns ‘shifted to 2200 MeV/c2. This is what ‘would be

expected. for: a reflection of Reaction (3), uhereas a new resonancc

at 2150 HéV/c ‘would not be expected to change p051t10n uhen the

centet-of-mass energy changes.

We notethe: presence: of an enhancement at 2440 MeVIc in the

. recoil; spectrum obtained at Ecm = 4.415 GeV. , The solid curve of

Fig. 6b- regresents this enhancement by a Gaussian peak centered at
2440 MeV/c? with a width of o = 50 MeV/c2. Such an enhancement

may -be; due ‘to.multibody charm production such as ete- -+ D*D*n, or the
formation of a new, hlgher-mass charmed:state. Higher mass states
are expected in the charm theory, but since this-enhancement can be
‘tolerably fit by a multiparticle phase spnce Monte Carlo, we cannot
prove that such new states exist.

1

DIRECT OBSERVATIONI OI- e DOyt

Up to thlS point, our ev1dence for the ex1stence of the D* comes
. through the ‘observation of structure in the DY and D* recoil spectra.
- In-this sect1on we will present direct evidence for, ti.e equtence of
the D** by constructing its invariant mass from the K-=*a* final
state obtained via the sequence D** » 7+p9; D°-*k'w+ . Because of
the low Q value for the reaction D** » n*DO the cascade picn
essertially moves in-the Magnetic Detector Frame with the same
velocity as the D**, and hence has only 7% of the D** momentum ~
fi.e. Ppe = (M +/Bb.)PD*] "Because of the 4 kG magnetic field of
the SPEAR Magnetlc Detector, particles having momentum less than
. 270 MeV/c will escape detection;. hence, in orde* to observe the "
from D** > «*D0, one must operate wh..e D** momenta exceed 1 Gel/c2.
. For this reason, .the data reported in this =ect10n come from data
" collected at center-of-mass enerpies from 5 to 7.8 GeV. This
sample represents a total 1ntegxat;d luminosity cf 17,000 nb~1.
Figure 7 shows the Kn invariant mass d)str1but10n for ncutral
Kr pairs with Kn momentum exceeding 1.5 GeV/c. In this analysis
we employ a previously .described tim:-of-flight weighting algorithm’
K he track tagglng algorxthm described in the first sec-
h ht nique; :each: track .is assigned weight
d oﬁputedsfroﬁ ‘the.measured time-
of-f11ght expected T‘ from the measured
nder ths given mass hypothe515. ‘The

wlth W, normalzzed such that' Z, W; ='1, One can then counstruct
: o - i=nKp :

,“hlstograms sav the Kn invariant- mass hxstoglam, by entering a
ncutral _two=prong - comblnatxon wlth a wcl;ht -given by, uiwz

tha ncw wexbht H1W§ .
¢-clear evidence for high momentum D° productlon in the
n: fact the SILnal to bnulgrnund ratio is improved
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by requ1t1ng Pgn > 1.5 GeV. The signal of Fig. 7 is considerably

broader than that ‘of Fig. 3. ‘This_broadening is due to the effects

of Km' 1nterchange in" the: calculation of the: Kn' iitvariant” m355v' For-

p0's with momenta exceeding 1:5°CeV/c? such Kr 1nterchange can Shlft
the computed Kn invariant mass by: over 200 ‘MeV/c2.

* In Figs. 8a and"b we show the D%7* and Don,11nvar1ant mass plot.
Because the calculation of MpOy% is dominated’ by the- mass that one
assumes ‘for .the DY, we “plot-Mp0gt - Mo tather than My0q:. For this
plot we.requite a DY candidate to have a Ki invariant mass from

- 1820 to 1910 MeV/c2. This mass cut is con51derab1{ narrower than the

sxgnal seen in Fig. and -hence tends ‘to exclude D” candidates with
transposed -pion and kaon. ‘A clear peak is seen in the D'n* mass
difference plot (Fig. 8), at a My, - My value of 145.3+.5 MeV/c?.
Using a nominal D? mass value- of 1865 Bevlcz we find this peak cor-
responds to a N** mass of 2010 MeV/cZ. Ke also see that the signal
resides in-essentially three 1 MeV/c2 bins. The width of the-signal
is completely consistent with the resolution of -the magnetic detec-
tor and-serves to set zn. upper-limit on the natural width of the

p** (and- D9) of T < 2.4 MeV/c2 -(90% CL). By” compar1ng the amount of
DY signal. in Fig. 8a with the number-of events. in the ‘peak of Fig. T
and taking into account the DOy* Hetection efficiency, -we estimate
that 25:9% of all DO's produced with *Ecm from § to 7.8 GeV and having
momentum -exceeding 1.5 GeV coine -from the féed~down process D*’ - n’D .

LIMITS ON nﬂ—no MI)\I\(‘ EFFECI'S

The observation -of a strong D*+ 51gnal in-the Don’ invariant
mass distribution of Fig. 8a, and its abserice- in the D0+* invariant
mass plot of .-Fig. 8b, can be-used to set limits on the presence of
possible:d -D mixing effects, a topic realizing considerable popu-
larity in the literature.” -Barring the presence of first-order,
neutral’ IACl = 2, weak currents, mixing would proceed via-virtual
Cabibbo suppressed intermediate states, such as D% » p*n~ » DO, and
hence mixing amplitudes would be on the order of tan®¢abibbo. 'f,
on the other hand, first order [AC| = 2 néutral currents existed,
D%-H9 mixing might be nearly complete (i.e. the characteristic: time
it would take a D? to mix into a no would be con51derably shorter
than ‘the-D% 1lifetime) . - - R e

The data *f‘Flg. 8 clearly rule out comglete m1x1ng'where ono
would expect to"see-many:-charged D*'s5.in a m K*#- (1865) Pplot as in a’
K-nt (1865) invariant mass h1stugram A quantitative measurc of
the. possible mixing. effectﬁ 1s prov1ded bv thc n1x1n° rat1o whlch
we deflne as: - . T : :

N(D'+ +> L*ﬂ‘n . .
u(n**’-'» k"n n+) n u(n** Ko T

‘where : the: underllncd partlclcs are requlred 'to" be cons1stent thh

p9's {or D's); .We .find 38 events within +2:5°MeV of-the ‘pedk’in
ng. 8a-and ll evcnts within the'peak of Fig. - “8b: - ‘Here -we. Lount any -
combxnatxon u:th a: wclght chater thnn 0. l as an cvont.
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“that the: K. and ™. compnsmg ‘the D9 or (D’ ") ‘have been’ correctly
identified is at lcast three times. the probability that tRey have:
been interch:mged' the 38:events drop:to 26 events, but the. 11 events
drop. to.only 3.. These later.3 events are consistent with coming from
unknown background and instrumental effects.. We. expect.l.4 events
from background (i.e. -uncorrelated) particle.combinations and 0.6
events. from residual Kr 1nterchange 1'hus at the 90: -confidence
level we find Fy < 16%.

.- It is of. interest: ‘to .compare thl.s ;measurement of 9 0-p0 mixing -
effects to'an’iearly measurement, reported by Goldhaber,’ based on the
limits. for apparent strangeness violating events mvolvmg Kn (1865}
producuon., Using the time-of-flight particie tagging technique
discussed. earlier, .we find 77 events in our total data sample
3.9 < Ecm. < 4.6.GeV with a Kn (1865) candidate and .an additional
kaon 1n_th.. .recoil system. _ These kaons have the opposite charge in
62 of our 77 events, and like charge in 15 of the events. After
correcting for the '39% background underneath. the Kv signal we find
that in 12:9% of the two kaon events containing a D? the two kaons
have 'like charge. This value is 4.2 standard deviations away from
50%, the value’ expected for complete p%-Dp 'mixing. One expects a like
charge ratia of 13% from time-of-flight particle m1s1dent1f1catxon,
as determined by a Monte Carlo simulation predicated on no D%-? mix-
ing. After correcting for the effects of track misidentification, ve
find that less than 18% of events containing a DY exhibit strangeness
violation at .the 90% confidence level. .

The exact relationship between these two measures of DO-D0 mix-
ing depends in detail on the mechanisms for D¢ production over the
" data sample employed to measure the apparent strangeness violation.

In particular, certain production mechanisms should exhibit rather
_ striking interference effects as detailed by Kingsly.® Although we

have performed a relatively detailed analysis of D% production near

Ecm = 4.03 GeV, we lack the data to do this over the full data

sample from 3.9.,to 4.6. Denoting the violating-fraction by Fy, one

finds Fy > Ky irrespective of production; hence the upper limit on

Fy serves as & conservative independent upper limit on Fy. Using

both measurements we deduce Fy < 13% (90% CL).

’ We have. scen. from the foregoing that o’ - p° muung cffects can

be excluded beyond.abuut the 10% level, and complete p® - D0 mixing

is ruled out.

~ RESULTS OF A FIT TO THE D'?.n‘ MOMENTUM SPECTRUM AT Ecm = 4.028 GeV

As previously mentioned, threshold production of both charged
and neutral D's appears to proceed through two-body processes invol~
.ving D's and D*'s. We have performed several fits of the joint DO
.and D*. omentum spectrum for data collected at the fixed center-of-
mass energy of 4028+5.4 ‘MeV. The momentum spectra at fixed beam -
-energy.convey essontially the same information as the recoil &pectra
presentcd earlier, but offer. the advantage of nearly umform reso-

.. lution.,  Monte Carle calvulations indicate that the n® > Xa, and

*’ o K2% momentum rcsolution is ~18 MeV/e and varies by 210% over

- “the?full, monentun range considercd here. The individual b and D*

efficieéncy variation is also ubout £10%.
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" ’ We have fit the D° and p* spectrn in terms of neutral and
'%icharged- _ersxons of rcactions 1-3. Jmplu:xt in these fits is the
assu.mptxon ‘of charm: conservatxon, ‘hence D*9's decay into D°'s via
D*0 % D% and D*0 + 3 D We allow D** to decay via the processes
D *D0 and D** =+ yp*. The _expected spectral contributions of
Reactmns 1-3 with these D* to D decay mechanisms is-seen in Fig.

' L _.spectral ‘shapes are qomput;d from the known. D*,D® momentum
n and ‘assumc 1sotmp1e D* to D’ decays when the angular dis-
fig. 9. is! meant ,ta be

'wé empl.oy the constram that MDQ’ - MDO 145 3.5

is Cussed’ ‘her_e

* the f;t'doesva tea.s' ably good job: in’ repro-
nd,l‘l+ atai, altho 4

“proc ':kctmn processes. appear toidominate D
To set an.upper. limit on multxbody ‘n0

‘ process will have momentum within a broad
e F "'OD ieV/cz) centercd at 400.MeV/c2. As seen in Fig.
‘10-there is: afd1p ‘within this region in the- datz; hence'the fit
»prefers no. DD contnbutmn and sets a 90% CL upper limit of less.
~ithan- 10% ‘of the pors produced at threshold ansmg from 3-body
processes. i
“-Ne also see, ‘from the data of F1g lOb the barest hint of a
-~ 'peakeéd’ structure riear ;200 ‘MeV/c. Such’a peak’ ‘could arise from
petpe- pmductxon follmedby D*++n°D decay. Clearly the data
‘do, not. establish this process; ‘but -there are indications ir the K==
P invariant mass plot for D events thh momenta less than 320 Mel/:c
(see: Fig. 11). 'These events can. ongmate from D**D*- production
followed by either D** + yD* or D** = 70D*. The D9,D* momentum
fits' general.ly ‘obtain D** ‘and D*’ masses: which' are too close to
permit: the reaction D*' » 70D, but -conclusive’ evidence for the
. ) of -

trix element for D**. & y-D should ‘be’ suppressed
t tha “for’ D“ ‘4 yD0.9 Tlus«suppressxon follows froii the
‘.t DY to D radlatxve trans:tmns occur. Yia qu.:r)\ spm flip.

D°,. mvolvuig u fh.p of the & quark of ch.n-g,e
er:D*+ 4 yD*, which involvés the flip of a
Estmates of the suppressxon range from 1/4 to

; c' consxdcratmns are indeed -correct, D** & ¢ *B0 should
N be : ommant P dccax mechanism. Unfortunatcly the momentum of.
. Il“'s from ‘the. process D*” + w*0? can be quxtc clos¢ (and-with -
pre,ent vstausncs, unresolvable) .to DO's from D0 - n°l\° For
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these reasons we- lack prec1se information on 1) the branchmg ratms e
of the D** into its various decay modes, 2) the relative cross sec-
uon “for the charged vcrsxons of reactions 1-3, and'3)- the' fraction
of D0's preduced at Ecm = 4.028 GeV due to D** + w*D0 (estmntes :
range from 6 to 27%). .
~ In. the following table we present the firmer results of several
- p9,0* momentum fits: A

Téble 1. Resu]}.s"of fits to the D",'[)+ momentum spectrum.

N

Masses and Bt-Y

HDo = }863:3 MD* = 187425
Mpu0 = 200621.5 o Mpey = 200923 .

r(Dio -> YDU)

T(D*0 ~ AI) = (60£15)%

Rela'tbivg;‘- Production of Neutral 2-Body Processes at-Ecm = 4.028

Opeopf«0 . ’ o ..48%.12
%pps0 * Op«0fo « 46+.10
b : .06%.03

The relative D*0p*0, p*Oj0 ) and D970 fractions shown in Table
I are interesting because they show far more DU production than one
would naively .expect from spin statistics and phase space considera-
tions. In models where charm mesons are pair-produced via diagrams
such as: . :

12*:.

and spm—spm correlations - between ‘the u- and [ quarks are. neglx-«. a
b1ble,9, one would: expect . that, aside: from the larger number of 'spin
states and smaller phase.space available ‘to D*..final states, the

‘DD. DD' ‘and D+ coupl;ngs should be umversar In that picture:

. . o . e : P . ,"'_'- -
. p*D* - A P S
J, o UD'*DJ‘ UD*D « g[ {4} pa] .

1 oo Ly
-°pb ~ phase space..




Usmg the tabulated-values, for, the.. DeO and D° masses to compute

fhe p3 alffe”s for ‘the three reactions, we obtain: ' »
< .o e 4 =~D‘~°D.°._‘f SD:D.” 3-—7 e R
R © o D90 000 = . gopl | 178100
N | A A '11:.5

V-

from which we ‘find 3D*D’ 3 gbﬁ*': g’ﬁ = 107+33 : 5 9_1 1 1%
This result‘ which rules ‘out D* D coupllng, has been noted in
ayv th . .

triplet ntermed1ate state with no 1so<1ng1et-1sotr1plet
s, U51ngrth15 assumptlon, and using theoretical esti-
mates for the D* ~yb* branchlng ratio, we can obtaln the ratio of
the D+ g Kﬂﬂ over the DO+ Kn branching Fatio.  We estimate that:

{ﬂ

‘.;" «‘ M = 1.6%.6.

BR(D° - x L} )

ection we w1sh to present br1ef1v cross section
'henvar1ous Do D*. decay modes at the fxxed energies

'imé‘objohts;ythc
> 0f: thé,D momentum~'

) 'éh=proccss by‘
‘Gnuss:an signal

_rrdrs,uhich incorporatc
.sectibn determination
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Table II. oBr for 0%,D' decay modes

4:028 4.415

T oK n") + oK) - .52¢.12 mb .35:.08 nb
c(Kon’g-) * U(Roﬂ+ﬂ-)‘ E 1.161.22 nb L78+.24 nb
okt w' 1) + o(K'wnTw) .92+.75 nb .62£.22 nb
o(k"w"1") + o(K'n"n") . -.40%.10 nb .33£.12 nb

The cross.sections in the above table are deduced from a fit
where we have constrained the three DU branchlng fractions to be
equal “at ‘Ecm-= 4.028~'and-Ecm =-4.415 GeV. The x2 of this fit was
1.4 for 2 degrees of freedom. We also note that the entry for
Kuﬂﬂ, which is deduced from K m*m-, includes correctlons for the
presence of K| 's and-neutral- ks decay modes., - g

- We conclude from the data of the above. table that total D pro- -

duction at 4.028 and 4.415 are equal to within factors of 2. In
addition; if charmed meson production accounts for.a substan;lal
- fraction of the rise in R = opap/oy+y- observed at 4.928-and 4.4153,
we Bust be observing a small tractlon (10%)‘of the total D produc-
tion. - .

RESONANT ANALYSIS OF D DECAY PRODUCTS

Theoretical efforts. to understand the D° decay multiplicity
distribution implied-by Table II should *ake into account possible
resonant structure in the D decay proddcts. Our analysis of the
K3m signal shows that it is.compatible with 100% Knp.!2 1In Fig. 12
we show the K3n invariant mass spectrum for events with at least
one dipionwithin-a péut defined from 650 :to 850 MeV/c? (Fig. 17a)
and both d1p10n5 outs1de the p cut (Fig. 12b). Clearly nearly all
i ides: primarily, in Fig. 12a and: thu: con-,

'k1;~ S This ;preut”is narrow in the
- . phase space; “distribution for DO » K3z peaks at
. 540 Mewc2 and extends.-from 280.to, 1100-MeV/c2. After fitting the.
K3ﬂ s1gnal to a lxnear comb1nat10 ‘of Knp, K*ngn, L*p, and Knnn
+0.11
-0.22.

‘There- is no evider or substantial :K* presence, ‘which is

someuhat surpr151ng in lnght of the large amount’ of p. We have

'(phase space), he conclude that the fraction 1nto Kﬂp is 0.85

alsb4examxncd ‘the o7 invariant mass plot and can show that D0.-s KA,;.

Ay » mp: docs not. domxnnte knp product1on. Unfortuuntcly we cunnot
rule out DV kA;, i
similarsto the pn phase ‘Space for DD #Knpl o
Ouy’ analysns ‘of ‘the D* -

. consxstent with-a phdse spuce dnstr:butlon, and this ‘argues

* K-n*n* Dalitz plot3 show< thdt 1t is

=



o i

sso < M
»esangv/»c--;

' MKtﬁP" |

| M,+,1S eso MeV S
Mgy 850 MeV -

E f\‘,'f' e

ig.. 12" ) 8- and with no dipion in:a.
. Note he D™ SIgnaI res1des pnmanly

:,,v .



Fig. 13

Schematic of_Hagopian et al. - bubble chamber gvent. .
If tracks 6 and 7 are interpreted as K ,and v they
have an invariant mass of 1860- 25 MeV/c”.
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- against: substantlal K* prcsence in the D* three- body decay products

R -

CHARM IN A Bunsu: CHAMBER’ S

nd 7 are: interprét as. aAkaoﬁ and pion
‘their 1nva ant mass. is' Mg = 1860« S MeV/c2 whxch is,
i ’h ,mass of the. SLAC

MeVIc and»appears to point back to. thE prrmary vertex. This down—
: sition and net. momentui impli€s a decay proper time of
:c; ‘which certaxnly 1nd1oates the -production of a weak !y
decayxng obJect but is conslderably longer than' the theoretical D?
>,11fbt1me estxmates of 10-‘3 to 10'1“ seconds.

} nty in the est1mat1on of
arily due to'the unknown

Hagopian et'al. estimate
oqso Me\’/cz When’ the

_m5. which dp »
“M(Ksx®) ="18502110 Mey/c

‘KS, one obta1ns “the suggestive mas$ of
We thus see that-there is evidence for
associative’ productxon. one event correspénds to a cross
séction of-10-31-on Dy .which is: somewhat large when:compared to
yprevxously ‘published upper limits on hadronic production of charmed
. . mesons. Hagopian-et al., however, argue that these experiments may
. be biased aga1nst such long-lived plrs,
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