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‘STUDY OF CHARMED MESONS AT SPEAR

. Gerson Goldhaber
Department of‘PhysiCS‘and Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720
I. PRODUCTION AT SPEAR

The data I will discuss here cémes from éhe SLAC-LBL magnetic detec-~
tor at SPEAR., This detector as well as event selection techniques have
been described e_arlier,1 and I will thus confine myself to some details
about the:time—of—flight.system only, . |

Early 'in May 1976 we ogserved a narrow peak in two neutral decay
modés2 Kn(1865) and K3r(1865) based on the study of ~ 29,000 hadronic
eveﬁts from the Ecm region 3;9-—&.6 GeV. .In this talk I will disguss |
this data as well_as new data from two édditional runs at SPEAR at
Ecﬁ =.h.028 Gev and E_ = 4.415 Gev, taken during May - June 1976,

These consisted of ~ 25,000 and ~ 26,000 hadronic events respectively,
The energies were chosen to lie at the two prominent peaks of the R plot
/Uup) shown in Fig. 1,

In June 1976, from a study of the 4,028 Gev data, for which the
ratio of signal to background for the new mesons is considerably improved
over the earlier 3.9-4.6 Ge& data, we observed the charged decay mode3
K;n%nt(1876).v

The entire sample analyzed here thus corresponds to ~ 80,000 ﬁadronic
events idehtified in the detector. 1In the present analysié we have con-

fined ourselves to hadronic events with three or more observed prongs.

Summary of Data Sample (Preliminary)

B, (Gev) . Hadronic- Events - Integrated Luminosity (nb ')
3.9- 4.6 - :

pro-tay 1976 29,000 ~ 1830

H.028‘ ~ 25;000“ ~ 1280

k415 ~ 26,000 ~ 1630

3.9-%.6 a1l ~ 80,000 ~ 4ho




The Particle Identification Methods by Time of Flight

An important innovation'used in this study was the application of
time-of-flight (TOF) information to help identify hadrons, ~The TOF system
includes 48 2.4 cm X 20 cm X 260 cm Pilot Y scintillation counters
arranged in a cylindrical array immediately outside the tracking spark
chambers at a radius of 1,5m from the beam axis, Both ends of each
counter are viewed by Amperex 56 DVP photomultiplier tubes (PM); ancde
signals from each PM are sent to separate TDC's, ADC's, and latches,
Pulse height information is used to correct times given by the TDC's,

The collision time is derived from a pickup electrode that senses the
passage of the 0,2ns 1long beam pulses; the period between successive
collisions is 780 ns. Run-to-run calibrations of the TOF system are
performed Qith Bhabha scattering (é+e_ - e+e-) events, The rms resolu-
tion of ‘the TOF system is o, = 0.4 ns,

Typical time difference between a n and a K in the.Kn signal is'only
about.0.5 ns, We have used the following two.techniques fo extract the

" best possible information oﬁvparticle identity. To apply thesg methods,
tracks are required t0'have good timing information from both Pﬁ's, con-

sistent with the extrapolated position of the track in the counter,

A, Direct Particle Identification by TOF
In this method we calculate two'X2 values for each observed track,
The first is related to the.probability that the track is a n,(xf) and
the second to the probability of the track being a k,(XE). Here X? is
defined by:
x? = (ti - tM)2/of
" where i = 5,K; ti is the time calculated for mass i from measured momen-

tum; t  is measured TOF, 1If the track satisfies the criteria Xﬁ <3,

2
i

M

Xi < Xf the track is called a K, If %X < Xﬁ the track is called a =n;
the track is also called a n when no reliable TOF information is available

as when, for example, wmore than one track hits the TOF counter, . There are

also a small numbér of nucleons and antinucleons which have been identified



but these do not play a part in the present analysis.

B, The Weight Method

In the weight me£hod each track is assigned a weight corresponding
to its probability of being a x and a second weight corfesponainé to its
probability of béing a K, These are determined from the measured momentum
and TOF assuming a Gaussian probability distribution with standard devia-

tion O.4 ns, Tracks with net (n plus K) probability less than 1% are

rejected, (Thié eliminates most of the nuéleons.) Then, the relative

n-K probabilities are renormalized so that their sum is unity, and two-

particle combinations are weighted by the joint'probability that the

particles satisfy the particular n or X hypothesis assigned to them. 1In
this way, the total weight assigned to all nn, Kn, and KK combinations-
equals the number of two-body combinations and no double-counting occurs,

To be more specific, we define

2
- 2
W < e Xﬂ/

o 2
- 2
and wK < e XK/

with the normalizing condition
’W:‘t + WK =1 .
In the study of the two-body system for example, each pair of particles

with total charge zero gets entered into three graphs:

R + ¥
in M(n"x') - we enter W W
ny ﬂ2
: + ¥
in M(Kx ) we enter W,w and W W
. : Ky no ny K2

+ F

in M(XK'K) we enter W W
172
In our earlier publicationsa’3 we have used method B, the weight method.

This method allowed us to give a quéntitative assessment of the reliability
of the K particle assignments in Kx(1865). In what follows we will use
method A which lends itself more readily to the spudy of scatter plots,

We will also show a comparison between the two methods which demonstrates
that for the study of mass plots they do not differ in any éssential

features,



C. Summary and Nomenclature

At the moment we have no "rigorous proof" that we are indeed dealing

with charmed mesons.h However, every clue we have uncovered, so far,

points in the direction of charm, It is becoming clear that we are

dealiné with those particles which are correlated with the broad y(k.1)

resonance and thus very likely with the property that is still "hidden"

at the lower energies corresponding to the w/J and V',

observed:

a. Observation of a threshold: Bep > 3.1 Gev.

b. Associated production: ﬁhe particles are produced exclusively in
association with another particle of equal or larger mass.

c. Exqtic final state: the ;harged particle decays into an exotic.
final state. Inéidentally, this is the first clearly estabiished
case of an exotic final state,

d. Experimental width: from the direct mass measurement of Ka(1865)
we showed that the width is TI' < 4O MeV/czﬁ.by including informa-
tion on the recoil system this can now be reduced to I' < 5.Mev.

e, I-spin mﬁltiplet: the proximity in mass of the neutral and chérged
particles in both the ground state and first excited state is evi-
dence that we are dealing with I-spin multiplets,

f. Parity violation in the decay: from a comparison of Knnx and Kx we
give evidehce fdrvparity violation, and hence weak decay.

g. Search for Cabibbo forbidden decay modes: we note an indication,
in the ' channel, at the 1,5 standard deviation level (i.e., not
statistically significant),

h, Semi-leptonic decay modes: evidence for these from work at DESY

¥ could now proceed and call these new parficles Mo, M+, M

I will discuss the following about the new particles we have

i

5

was' prescnted at this Topical Conference

O% +x

s M7, etc,

where M stands for a new meson, but I will not do so. For clarity and

. . . O + . :
ease of comparison I will use the nomenclature D', D', etc, introduced



¥e

for charmed particles? with the understanding that we dd not havé eompléﬁe
proof aé'yet6 that our observed particles are indeéd'the mesons of.charm
theory. Our situatioh is'soméwhat analogous to the case of the discovery
of the § . The obsérved particlé.has most of the properties pfedicted

f§r the lOth baryon.of the A-decuplet while to date no spin and parity

: . ) N +
measurements are available to check the theoretical prediction J = 3/2°,

IXI, THE ESTABLISHED DECAY MODES

. ) T +
A, Threshold Behavior for the K s Decay Mode

In Fig, 2 we show the K$nt mass distribution for three energy
regions: the y/J, the ¥', and the. E o= 3.9~ L4.6 GeV region. The
k¥*(890) signal shows up clearly in all of them; however the Kn(1865)
signal occurs only for the 3.9~ 4.6 GeV region, Figure 3 shows the
M = 1500- 2500 MeV/c2 region in detail, in these figures the ¥ data
corresponds to ~ 150,000 hédronic events and the ¥' data to 350,000
hadronic‘events. We note that of these ~ 72,000 hadronic events
correspond to second-order electromagnetic interaction and thése at
least could be a source for the Kn{1865) signal. We consider the absence
of aﬁyvsuch signal a clear indication that the Kn(1865) does not get
préduced'below a threshold ehergy Eth‘ Thus Eth >'3.1vGeV.. In Figs 2,3
we'also show the E_ = L.028 Gev data, For this energy the_signalffo—
background ratio is much laréer than for the overall 3.9-4.6 GeV region,
The K(1865) particle thus appears specifically associated with the peak
in R, l |

In Fig, i we show the Kx signal for all the E = 3.9- 4.6 Gév
data with a cut on the recoil mass at M | > 1800 Mev, Thi; selec-

recoil

tion tends to reduce theé background while the signal iemains unaffected,

Also shown in Fig, 4 are the kinematic reflections in the "a n " and

+ - . - . . . ! o . S e s
"K 'K ' mass distributions which occur because of K misidentification or
lack of TO¥ information, in which case the track is assigned the pion

mass. With the present statistics we note clear "kinematic reflection"
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signals at 1740 Mev/c2 for "an" and 1990 MeV/c_2 for "KK." We note that
the momentum of the two—bodymsystem in such a kinematiérrgflection signal
is Aot altered by the masg assignment to the track. We will make use of
these additional events below in connection with the rec§il spectrum,

The K;nt signal is_taken from the experimental mass distribution
region M(Knj = 1820 - 1900 Mev/cz. Background is estimated from two
equal width side bands M(Kn.) = 1700~ 1780 MeV/c2 and M(Kn) = 1940 - 2020
Mev/cz, a totallof twice the width of the signal region, This gives é

total signal after appropriate background subtraction C%ANbgnd) of 340+ 47

+ - + - » co - : . -
events, The "gx 5t " and "K K " reflection signals are obtained in a similar

fashion and give signals of 159+ 30 and 46 11 events respectively. Thus
if we ascribe all these three contributions to Kn(1865) we get 545 +57

events,

B. The (K3r)® Decay Mode

In Fié. 5 we show the K nion'n” mass distribution, The’K3n(1865)
signal suffers from a much more severe background problem than the Kn(1865)
signal. We will comment on fhis in connection with the recoil mass study
below. The X3n signal was determined for thevmass interval 1860- 1900
MeV’/c2 with iwo eéual side bands for background determinétion. We find

325 + 67 evénts in the signal after background subtraction,

. . F+i
C. The Charged Exotic Decay Mode K 5 n (1876)
. ‘ . F o+t
In Fig, 6 we show a comparison of the exotic decay mode K n xn  and
. F o+ - '
the non-exotic mode K nt 7t .
Here "exotic" stands for the fact that the I-spin of the final state
is I = 3/2 or 5/2 rather than I = 1/2 as is the case for all known

K

s. Such a final state cannot be formed out of a qiaj pair where here
a; (65) stands for any of the three "old-fashioned" quarks (anti-quarks).
Another way of describing the "exotic" nature of this final state is that

the charge of the K is opposite to the charge of the entire Kun final

state, In terms of the charwm modelu the Cabibbo- favored decays involve
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a c-quark transforming into aﬂ s~quark with AC =.AS. Thus the ot with
C,= 1 .and S = O decays to a system with C = 0, S =V-.1 and positive
charge,\whi;b is exgtic. ‘The exotic Knx signal was defermined from the
mass interval 1840 - 1920 MeV/czY Here background estimates come from
the non-exotic channel'over.the same masé interval, scaled by 1/2. We

find 160+ 35 events in the signal after background subtraction,

III, THE RECOIL SYSTEMS
. : o o FrE o o ' . .
We find that the (Xn) , (K3n) and K n n signals are associated with
a very distinct recoil spectrum, This can be illustrated in a scatter

plot of the final state mass M versus the recoil mass In Fig., 7

M fae
recoil

we show the scatter plot for the K'n~ mass distribution and in Fig, 8 for
+ + . . : :
the Kxn'n" mass distribution, The scattexr plots shown correspond to the

E_. =", 1" GeV region; i.e., E.= 3.9- k.25 GeV, including the data at

k.028 éeV. We note a strong correlation between M and Mrecoil' This is

in agreement with the charm theory expectation that M is essentially a
§-function, on our energy scale, and thus the observed width in M is
entirely due to our instrumental resolutioh; Thus when_the measured M

value is too large the'corresponding M value is too small and vice

recoil
versa, This then gives rise to the observed correlation, Here Mrecoil
is defined by:

—_— 2
Mfecoil = (Ecm - P2 + Mz) - pz.

where M and p are the measured effeétive mass and momentum of the final
state considered. Alternately if we consider M as a 5~ function, we can
substitute a nominal fixed value of Mg = 1865 Mev andA Ménn = 1872 Mev
for M respectively,

In Fig, Qa we show the M distribution as measured directly and

recoil
in Fig. 9b withiMKn'fiXed for all the data, 1In Fig., 9a only the Kxn signal
with identified K mesons is shown. . On the other hand in Fig., 9b we have

. ! . I + - . :
also added in the signal from the "g 5 " and "K K " kinematical reflections

illustrated in Fig, k&, This is possible as only the experimental quantities
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Ecm and the momentum p are used to calculate Mr The addition of

) ecoil’
these signals increases the available statistics, but more important,
removes biases due tb the fact that the reliability of K identification
decreases with increasing K momentum, In the distributions in Figs, 9a
and 9b thg corresponding background has been subtracted, The background
was evaluated from the population of two bands on either side of tﬁe
signal, In Fig, 9a the background b;nds were subtfacted directly without
cbncern for slightly different kinematical boundaries. In Fig. 9b Mrecoil
for the backgrouﬁd evenfs was evaluated with the same fixed Mkn value,
This "séales" the kinematic boundaries., Because of the subtraction pro-
cedure the statistical errors corresponding to the histograms in Fig., 9
are not given by Jﬁ but rather by ~+Vv1.2N to -JIT§;;.

Somevcaution must.be used in interpreting the four prominént struc-
tures in Fig. 9b. Namely, we must remember that the data samples added
together in this figqre have a highly non-uniform integrated luminﬁsity
distribution from Ecm = 3.9-4.6 Gev. 1In particular the second and third
peaks come largeiy from the 4,028 Gev data, We observe peaks in Mocoil
at ~ 1860 MeV/cz, ~ 2005 MeV/c2, ~ 2145 Mev/c2 and ~ 2430 Mev/ce. of
these the fourth peak is still being studied. An interpretation suggested7

for the first three peaks is as follows:

.o —
ee - pp° (1)
ete” - poD*° and charge conjugate (2)
e'e” - D*OpFo | _ - (3)

A priori, an alternate possibility exists for the third peak; viz,,

+ -
e'e - D°D** and charge conjugate . (3')

We will discuss these interpretations in more detail below and in partic-
uiar show evidence for the stroné preference of ipterpretation (3) over
(3'). The recoil spectrum against the (K3n)° mass peak showé consistent
. features (not shown here) but suffers statistically from the very substan-

tial background subtraction,
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. i M .
In Fig, 10 we show the corresponding recoil

distribution for the
exotic channel K;nini. In this case the background ié deduqeﬁ from the
non-exotic channel Kih+n_. In this case we again have a more severe
background subtraction as well as a lower statistical significance on
the signal (~ 160 events). The very prominent peak observed at Mcoil
~ 2012 MeV/c2 can be interpreted as

ete” o D+D*f and charge conjugate . _ (4)
There are indications in the data for the presence of the other three
peaks observea in the recoil spectrum against the Db. In particular there
is some evidence for |

e'e” » p¥'p¥ ’ (5)
or " 5 p'p*™ ana charge conjugate , (5")
only much weaker relative to reaction (4). This feature is clearer if
we compare the recoil spectra for'fixed'masses at E;m = 4,028 Gev. 1In
Fig, 11 we show these recoil spectra for the (kn)®, (x37)° and (Kan exotic)*

signals each with the appropriafe background subtraction,

VIV. MASSES, WIDTHS AND MASS DIFFERENCES

For mass determination we focus on a single energy: Ecm =_h.028 GeV,
We can then consider momentum distributions p pf the two—particle system,
In Fig, 1l2a we show thé momentum spectrum for Kini, fogether with the
kinématic reflections "z x " and "KK", in 10 MeV intervals, In Fig, 12b
the same for the K;ninivsystem. The background level is sketeched in.on
these. |

In Fig, 13a and 13b we shéw these same disfributions in 20 MeV.inter-

vals, with background subtracted.

A. Momentum Values

Several peaks stand out prominently:
p, = 165 %12 MeV/c,
, P, = 560+ 8 Mev/c

with a "satellite structure” ~ 50 MeV/c lower,
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Py = 178+ 8 ﬂev/c‘, 1‘3 = 35%8 MeV/c
for the negtrél'distributions and - :
P, = 5352 10 Mev/c

for the charged distribution, Here thé indices correspond to the reac-~
ti&ns quoted aﬁove,. The: errors afe estimates of the precisibn to which
the central.values are kn;wn including én allowance for systematic errors
in the momentum écale. Finally the inqident energy is

| | Ecm/2 = E = 2014+2.7 MeV . |
Here the error has three‘components added in quadrature: * 2MeV from
the 0.1%_uncertainty in éhe aﬁsolute enexgy célibration, + 1.4 MeV beam
spread from synchrotron radiation effeqts,'and + 1 MeV variation (which
is knéwﬁ from flip coil measurements) in precise run-to-run beam settings,

As far as widths of distributions are concerned the latter two errors

contribute in quadrature giving dEo = 1,7 Mev,

VB. D*0 Decay

The possibilities for D*® decay with charm conservation are:
D*° DO+1[o (6)
p* 5 0% 4y . W

‘The Q value for z° production is so small that we can ask which of these

two decay modes is the predqmlnant one, Here Qno = MD*O - MDo - mno,

+ - . .
We also note that the p*° 5 D n decay will be ruled out by energy

consgrvation.

In Figs, lha,b we show momentﬁm spectra resulting from Monte-Carlo
.calculations for reactions (2) and (3) with p*° decays according to (6)
‘and (7) respectively. ?hese were calculated at Ecm = 4028 Mev and for
MDO and MD*O.values és indicated. It is clear that the shape of the peak

centered at p_ is a sensitive function of whether we are dealing with 2°

3
or y decay of D¥O, For 7° decay {Fig. lha) we get an essentially Gaussian
‘distribution while .for v decay (rig, 1hb) we get a distribution with

2 ' .
dN/dp” = constant . or dN/dp < p. It can be noted from a comparison of

Fig; 12a with Fig. 14 that the predominant decay mode is no decay; however



-12-

there is evidence for appreciable y decay as well. A preliminary estimate

for T(p*® 5 p%)/T(p*® - D% and 0%:°) is ~ 35- 459,

C., Mass Determinations

We can quote the following preliminary values, From reaction (1)

using p, we get a mass estimate for Mbé from Mso = Eg -~ pf

‘ 2
MDo(l) = 1863%5.3 Mev/c®
Here the erro? is arrived at from vdMDo(l) = 1.1 4E_ - o.4 dp,. From

reaction (2) using p, we get a relation between Mo and M x, from 2E =

Ejo + Epx0. Ina linear approximation this is given by:

%0(2) + Moo = 3869 £ 6.4 MeV .
Here the error is arrived at from
dMD°(2) = 21dE - 0.6 dp, - M xo .
From reaction (3) we get

2
M xo

M
2 p¥o, 2
EO - (p3 M ) .
Do .

1

This gives:

2005 * 3 MeV/c2

o

where the error comes from

dMD*o(3) = de_ - 0.1 dp3 .
Using this M, value in the relation for MDO(E) we get

Moo = 1864 5.4 MeV/c2

Here dMD§(2,3) = l.l.dEo —.0.6 dp, + 0.1 dp3.
The resulting value for Qno is
Q.0 = 6+5.1 Mev
whefe the error comes frqm dQno = 0.6 dp2 - O.2ldp3 since the dependencg
on dE (essentially) cancels here,
The experimental width P3 is a very.sensitive function.of Qno; In

3

- MeV, Aside from the experimental resolution the contributions to the

particular the observed width T'_ fits best with a Qno even lower than §

widtb T, come from Q o, T\o, Tpxos énd GE_ = 1.7 MeV (the gortion

3



. contributing to the broadeéing of the distribution), . This places more
stringent 1imi£s on PDO and PD*O of < 5 MeV, From charm theory Pbo is
expected to be << 1 eV (weak decay) while %0 is of typical electro-
magnetic width because of theréry low on value,

Finaliy from reaction (4) and p), we get a'relation.between MD+ and
MD** which in a 1ingar approximation becomes:

Moy + Moy = 3883+ 7.3 MeV .
Here the error is arrived at from:
am 4(k) = 2.1 dE, - 0.6 dp, - Ay .

This yields ’(MD; + MD*+) - (MDO + Mb*o)'= b +7.7 MeV/ce, where now the
efror in Eo Cahce}s; We have no reliable experimental determinétion for
5 and 8* where]wé define § = MD+ - Mo and 5* = MD*+ - MD*O' Here
5 +8%= ihi‘?.?IMéV/cz, If from theory 5 and §* are considered approxi-
17,859 '

mately equa we get

5 ~8% ~ Ttk Mev/c2 .

If on the other hand as suggested by Ono10

5 =~58% + 3 Mev/cel
v o .
5~ 8.5+4 Mev/c
and ¥ = 5.5} MeV/c2 .
‘As shown in Fig, llc we have an indication for reaction (5); this gives
an upper limit on M xi, namely E_; i.e.,

2
Moxt < 201k Mev/c .

This limit is consistent with the 5% values quoted above.

. O_ %%O
D. Does p. Correspond to D*OD*o or DD ?
3

With the value for MD*O given above Q= E__ - ZMD*O = 18 Mev, and
p(D*O) = 191 Mev/c. .This represents a phenomenal rise from threshold
for reaction (3), a p-wave process, In fact it has been suggested11 that
perhaps process (3'), with D**© a g = 17 state with mass M(D**C) =
2146 Mcv/c2 and s-wave production, could be occurring., From a very

preliminary study of the M spectrum at Ecm = 4,415 Gev we find

recoil

2 .
however no evidence for a recoil mass peak near 2146 Mev/c” but find
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instead a braod peak at M = 2200 Mev/c2 and I'=~ 80 Mev/ce. These

recoil

values are completely consistent with values expected from reaction (3).

E., Study of an Individual Event

We have studied individual events to try and find examples of "com-

plete" events; viz.?
+ - o] D*°

K n [_’ Il)co“o

-+
- Kn .
We have observed one clear-cut case at Ecm = L028 Mev (see Fig. 15).
This event gives a good fit to the above assumption and has been further
constrained by a hand calculation to demand equal masses for the p° and
Eﬁ. This gives N
1866.5 M 2
Mo .5 MeV/c
M %0

The event does not fit a missing y-ray,

2006. 7 Mev/c2 .

This result lies well within the errors of the mass determinations
given above. Figure 16 shows a sketch of the (central values) of the
relations between Mios Mpxos MD+"MD*+’ 5 and 5" as well as the above

event.

. . .
V. THE 7-0 PUZZLE REVISITED; EVIDENCE FOR PARITY VIOLATION FROM D~ DECAY
+

A study of the D — Knxgx Dalitz plot shows that the plot is compat-
ible with a phase space distribution, does not appear to die off on the
boundaries as a natural spin parity assignment would, and is specifically

L - + .
incompatible with'JP assignments of 1 or 2, These observations, coupled
with the observation of the Kn decay of the Do, a final state of natural
. . 134 + - +- . )

spin parity (0 = 0, 1, 2, ...), and the belief that the ncutral and

charged particles are members of the same isomultiplet, suggest parity

violation in the decay of the D's,

A, Appearance of Dalitz Plot

+

- . - . 3 F+ot
In order to obtain a relatively clean sample of the decay D™ -» K+n n

+



we apply mass and missing mass cuts. to three—body combinat ions for'data
taken between 3.9 < E__ < k.25 GeV.. The cuts are 1860 < M < 1920

Mev/c2 and 1960 < M < 2040 _Mev/c2 (see Fig. 17). From this o

recoil :
selection we obtain a sample of 126 events of which we estimate 58 events

to be background. In Fig. 18a we present the Dalitz plot for these 126

events, choosing the Dalitz variables:

T -'r| :
Dalitz ~ J% 0 " “palitz T @

with- T being D rest frame kiﬁetié energies and Q = T . + 'I‘n2 + TK'
Figure 18b shows a béckground Dalitz plot consisting of non-exotic Knnr
combinatigns, Kin+n-, with ideﬂtical kinematic cuts, Both the.signal
and background plotsvapéear'uniformly éopulated Qithout either 5quhdary
zeros or zeros along the y axis as expected for natural spin parity
assignment. In order to épecifically'rule.out the staﬁes 1 and-2+ we
have performed Monte-Carlo simuiétions using the giﬁplé, bhenomenological

‘ =
matrix elements presented by Zemach, 2

B. The 1 Matrix Element
' . P - A
For the case of J = 1 we construct an axial vector amplitude
symmetric under the exchange of the two pions, . A simple representation.

is provided by: (Tn )(El X'H;) where 7 represents a D rest frame

- T
_ 7 1 T2 _
pion momentum, For the case of unpolarized production oné then expects

, 2 2
an intensity proportional to ’T - T l IE) X E’I .
ny T, 1 2
.For comparison with the data we have divided the Dalitz plot into
13 )

the four discrimination regions of Fig. 19a,’ Thése regions are nearly
evenly populated by phase space whereas the 17 matrix element strongly
popuiafes region 3 at the expense of regions 1 and 4, Figure 20a compares
the background subtracted regién populations of the daﬁa to thé populations

expected.in the 1 model, both distributions normalized to the phase space

Monte Carlo,
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C. The 2 Matrix Element

Again following Zemach12 we construct a symmetrié, traceless second-
rank tensor which is also symmetric under‘fhe exchange of the two pions,
A simple exampie is provided by: Aij = Aﬂiqj + Aujqi where ZQ? is the.
difference of the’pion momenta and afis their cros;'product.

For uﬁpdlariZed production one expects intensity propoftional to

ij 2 52y - 2
? § A Aji _ or Igl "2' ]nl X n2!

The discrimination regions for the 2" matrix elements are éhown in Fiq.
19b. Comparison of the region populations to the data is shown in Fig,
20b,

The X2 comparison between phase space and the respective.;- and 2+
matrix elemeﬁts are given on Fig. 20,

We have thus demﬁnstrated from a study of the Knxr Dalitz plot that
this three-body finai statg ié incompatible with JP assignments of either
1 or 2+. JP = O+ is not an allowed state of tﬁrée pSeudoscélars. Since
the presumed isomultiplet state, Do, decays into two pseudoséalar;, a
final state of natural spin parity, we conclude there exists evidence
for parity violation in the décays of the D's, which implies that we are

dealing with a weak decay.

VI; THE PRODUCT OF CROSS SECTION AND BRANCHING RAT.IO

We have searched for the charmed particle signal at all the eneréies
from the ¥/J up to E .= 7.8 Gev. I have already shown in Figs, 2 and 3
the aﬁsence of any p° signal in the K;ni decay mode at the ¥ and y°'.
Above Eon ™ 3.9 GeV where we begin to observe a Do.signal the
cross section rises rapidly to a maximum value of ¢.BR = 0.6%+0.1 nb
(preliminary) for the K:;ni decay mode at Ecm = h.028'GeV. This is
followed by a répid drop off by a factor of ~ 3 at 4.4 Gev. Beyond L.6
. GeV the cross section drops off further to a level where we either cannot

obscrve a signal at all or can just barely recognize it, The preliminary

Copis . : . : - . ¥+
g-BR distribution is shown in Fig, 21, To obtain BR(K 1) one needs to
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study "complete" eQents 1ik¢:the_ohe illustrated in Fig, 15, Tﬁis study
is_in progress{ As "comp;etg",events are very ;are,'this ihdicatesAthat
BR(Kxn;) is smail, of the order of a_féw_peréent. ‘ o .
O'BR(K;nini) ~0,3%0.15 b at” E .= 4,028 Gev, evaluation at
other energies is in?proggess; Finally o.BR(K3r) is appfoximafely 2 to

o _— » _
3 times larger than 0-BR(K+n_) but the detailed study is not complete as

yet, : ) ) . . - - . oy

VII. SEARCH FOR A CABIBBO FORBIDDEN DECAY MODE
According. to charm theoryh the decay p° - K-n+ proceeds with a
2 . o - + Co ' .2
BR « cos 6 while the decay D™ - =xn = proceeds with a BR « sin @

-. . . : : - 4 _' - 3
where 0 is the Cabibbo angle., We have searched for a n n signal with
optimal cuts on the recoil system, We find an indication étvthe 1.5

. o el AOf O + =y 0, 0y _F &
standard deviation level giving 'BR(D (p°) > T n )/BR(DO(DO) - Kx) =

6.5 % 4% (see Fig, 22). Thus the éffect is not established as yet.

The results présented here'éré the Qork of the LBLFSLAC'collabora—
tién at SPEA#, whose members are: F, M, Pie?re, G. S. Abrams,‘ﬁ, S. Alam,
»'A.fM, Bo&arski, M, Breidenbach, W. C, Carithers, W, Chinowsk§, S; C.
Cooper, R, G, Devoe, J. M, Dorfan, G, J. Feldman, C, E., Friedberg, b.
Fryberger, G, Hanson, J. Jaros, A, D, Johhson, J; A. Kadyk, R. R. Larsen,
D. Like, V. Liith, H, L, Lynch, R. J. Madaras, C. C. Morchouse, H, K.
Nguyen, J. M, Paterson, M. L. Perl, I. Peruzzi, M, Piccolo, T. P. Pun,

. P. Rapidis, B, Richter, B, Sadoulet, R, H.-Schindle_rJ R, F, Schwitters,
J,'Siegrist, W, Tanenbaum, G. H, Trilling, F. Vannucci, J; S. Whiﬁaker,
and J, E, Wiss.

We.wish to thank the SPEAR operating staff for their enthusi;stic
efforts in successfully cafkying out the runs at h.028-and h.hls GeVv
under new conditions and very limitéd fime. We also wish to thank the
LBL and SLAC cémputer centers for théir hclp in faéilitating the data
analysis. Finally I wish to thank Ms, Christina Frank for her meticulous

work in typing and compiling this report.
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FIGURE CAPTIONS

Fig. 1. The ratio R = %hag opp' The distribution corresponds to the
pre-May 1976 data sample., The location of the two new high-statistics
points L4.028 and L, 415 is also indicated,

Fig. 2. A composite of the Kn mass distribution for the W/J region, the
V' region and the Eop = 3:9- 4.6 GevV region (all data) as well as
the E. = 4.028 Gev data separately.

Fig. 3. Detail of the Kx mass spectrum in the M = 1500 2500 Mev/c2

region for the same data samples as in Fig, 2.

Fig.‘h. The two-body mass distributions with Mrecoil > 1800 Mev/c for
. F ¢+ + - +_ - . .
all data, (a) K n , (b) "n x, (c) "K' K " and insert (d) which shows

F ¥
the Kfn' distributions as obtained by the two TOF methods for the
E . = h.928 GeV data énly.
c F o+ 4+ - X . » .

Fig, 5. The K'x n n mass distribution for the E_ = 3.9- 4,6 Gev

region {all data),

. . : . F it . ¥+ -
Fig., 6. Comparison of the exotic (XK s n") and non-exotic K'x x mass

distributions for all data,

F o+
Fig. 7. Scatter plot M(K+n—) versus M
E_ = 3.9-L4.25 Gev.

cm

.. for the "L, 1" GeV data
recoil

F & & . X .
Fig, 8. Scatter plot M(K n n" ) versus M Data sample as in Fig. 7.

recoil®

+ =
Fig. 9. (a) M distribution for the K n' signal as measured.

recoil
+ T X .
{b) M o ocoiy Gistribution for the K'n' signal, as well as the kinematic
+ - = v e e .
reflection signals "g s " and "KK," for fixed M = 1865_Mev/02.
Each distribution is background subtracted as discussed in the text.

E . = 3.9- 4.6 Gev  all data,

. . . : . FE4E )
Fig, 10, Mrecoil distribution for the K n n~ signal as measured. The
background subtraction comes from the same mass cuts on the non-exotic

Kane channel, - . : -

Fig, 11. The recoil spectra at E_ = 4,028 Gev against (Kn)o, (k3n)°

4 . : :
~and (Knn exotic)” for fixed masses with background subtraction,
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Fig, 12, Momentum spectra at E_ = 4.028 Gev in 10 MeV/c intervals,
: - o
(a) Signals observed in the two-body systems K:n* as well as kinematic
" = et , . F %+
reflections "n.n ," "K K ." (b) For the signal observed in K n.

The dashed curves indicate background'levelﬁ.

Fig. 13. The same spectra as in Fig. 12, now in 20 MeV/c intervals and

with background subtraction,

Fig, 14, Momentum spectra from Monte-Carlo calculation simulating the
detector at SPEAR, (a) D*® - D° + 7% (b) D* 5 D%+ y.
Fig. 15. Computer reconstruction of an example of e o DOD*O,
0% 5 Kfn-, D*® Dono, p® > K-x+. The right-hand part is an
enlargement of the vertex region showing no measurable path length

for p® ana p° decay.

i . ati a M . .
F}g. 16 OSEetcﬁ Sf the iei tions between M, and M .o, M and M x+..
The n D, n D° and n" D~ thresholds are indicated by shading, The
inset shows § and 8% as a function of‘MD*+ for the "best values" of
Mpo = 1864  and Mo
are only shown,

o = 2005 Mev/cz. For clarity the central values
Fig, 17. The Knx distribution for the "4,1" GeV region with an M ocoil
cut 1960 - 2040 MeV/cg. (a) Exotic, (b) non-exotic,

Fig. 18. Dalitz plots, folded around y-axis, for the Knn system with
‘mass cuts M(Kmn) = 1860- 1920 MeV/c2 and the selections given in

Fig. 17. (a) Exotic, (b) non-exotic,

Fig. 19. The discrimination regions on the Dalitz plot selected for
effective separation between phase space and (a) a 17 matrix element,

+ ,
“(b) a 2 matrix elewent,

Fig, 20, Comparison of background subtracted populations in the four
. - . . - +
discrimination regions (a) the 1 model, (b) the 2° model, :with all
distributions normalized to phase space Monte-Carlo calculations,

. 2 o
The respective X~ values and confidence levels are also shown,

. F t .
Fig,  21. ¢-BR for K x (186%) production,
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+ - . : . : . .
Pig, 22, M(nx n ) distribution for the "4, 1" GeV region with a cut of
M coil > 1800 Mev/cz. We note the kinematic reflection signal
centered at 1740 Mev/ce as already shown in Fig, L4b, as well as a

‘possible small excess of events consistent with 1865 Mev/ce.v
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