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RESULTS FROM THE SPEAR MAGNETIC DETECTOR WITH
THE LEAD-GLASS-ADDITION *

A, Barbaro-Galtieri
Lawrence Berkeley Laboratory .
University of California {
Berkeley, California 94720

ABSTRACT

Results from the SP-26 experiment at SPEAR are reported. First we
discuss the parameters of the Y(3772) recently discovered in this experiment.
This resonance is just above threshold for D production, therefore we have
been able to measure the D masses with high precision. Next we report
measurements of D branching fractions into hadronic and semileptonic modes;
the hadronic branching fractions are reported here for the first time and
include a number of decay modes not observed before. At higher eve™ center
of mass energies we present some data relevant to charmed baryon production
in ete™ collisions. Finally, we discuss the data on heavy lepton production
obtained in this experiment. '
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I. INTRODUCTION

The SPEAR results presented in this talk come from experiment SP-26
which ran from QOctober 1976 through June 1977. The physicists involved in
- this experiment— overlap only partially with the ones who have built and
developed the software for the main detector.?2 Recent results obtained
from that experiment, SP-17, can be found in Sadrozinski's talk in these
Proceedings., ' ‘ '

In order to improve electron and photon detection and resolution, a
lead glass system (LGW) has been added to the magnetic detector for part of
the solid,angle.3’4 Figure 1 shows a cross section of the modified magnetic
detector. Details can be found in Refs. 3 and 4. Briefly, three shower
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Fig. 1. Magnetic detector
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/ =\ incident beams. The
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the left of the figure.
Details on this addition
are given in the text,
and in Refs. 3 and 4.
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counters have been removed and replaced by 1.9-cm thick scintillation
counters, and a lead glass system (LGW) has been added. It consists of a
2x 26 array of lead glass active converters, 3.3 radiation lengths (X,)
thick; and a 14X 19 array of lead glass blocks, 10.5 X, thick. Two magneto-
strictive spark .chambers are placed between the coil of the magnet and the
active converters and one more chamber is placed between the active
converters and the back blocks. Since this system is placed behind the

1 X, of Al of the magnet coil, its energy resolution is found to be

9//\/— with E given in GeV.
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II. THE $(3772) STATE

The data on the Y(3772), Y", discovered in this experiment, have already
been published.5 Only the main results will be mentioned here. Figure 2
shows the ratio R of the total hadronic cross section to the cross section
for u pair production plotted vs E, ,, , center-of-mass energy, in the region

1 ¥ I I 1

c.m.
The data points are: 4

» this experiment,5
X, Augustin et al.é2
, Siegrist et al.

3r L
Radiative corrections h H+
have been applied.
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3.6 to 4.6 GeV. Data from this experiment are shown in full circles; the
other data are published results from SP-17.2,6 The radiative corrections
have already been applied to the data; hence, the height of the y" resonance
itself is enhanced by a factor® of 1.29. Figure 3(a) shows our data before
the radiative corrections have been applied; the tail of the Y(3684) is
responsible for the high points below the Y".

Since this resonance is above DD threshold, we have assumed that it
decays mostly into DD, and therefore have used a P-wave Breit-Wigner form,
with a momentum dependence calculated for equal contribution of D° and D
mesons. One of the fits obtained with this hypothesis is shown in Fig. 3(b)
(here radiative corrections have been applied to the data). The parameters
of the y" are essentially independent of assumptions on the background form;
with systematic errors added, the results are:

M= 3772 + 6 MeV Te = 0.345 + 0.085 KeV ,
''= 28 %5 MevV , AR = 2,08 * 0.35 .
These parameters are shown in Table I along with parameters for other vector

mesons decaying into ete~. This value of l'e is the revised value, as dis-
cussed in Ref. 19. '

The §" can be identified‘with the le state of cc predicted at this
mass by Eichten et al.,12 who studied the charmonium spectrum using a linear
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R versus Eq pn.

(a) before and

(b) after radiative
corrections. The
curve is a P-vwave
Breit~-Wigner fitted
to the data.

TABLE I. Resonance parameters for vector mesons.? T is the full
width, T, is the partial width to electron pairs, and
B,e is the branching fraction to electron pairs.
State Massb T Tee Bee
(MeV) (MeV) (keV)
p(773) 7733 152+3 6.5+0.8 (4.3%0.5) x107°
w(783)  782.7 £0.3 0.0%0.4 0.76%0.17  (7.6+1.7) x10~°
- ¢(1020) 1019.7%0.3 4.1%0,2 1.31#0.10 (32+£2) x 10°°
P(3095) 30954 0.069 * 0.015 4.8+0.6 (69+9) x 1073
P(3684) 36845 0.228 £ 0.056 2.1+0.3 (9.3+1.6) x1073
V(3772) 37726 28+5 0.35:0.09  (1.2%0.3)x10"°
Y(4414) 4414 %7 33:10 0.44t0.14  (1.3£0.3) x107°

The pgrameters shown in the Table are taken from Particle Data
Group” for p, w, ¢; Boyarski et 2110 for ¥(3095); Luth et all
for Y(3684), and Siegrist et al.b

bErrors for Y states include a 0.13% uncertainty in the absolute
energy calibration of SPEAR.
P(3684) and Y(3772) is 88 + 3 MeV.

for Y(4414).

The mass. difference between the
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form for the confinement potential. In their simple model, the leptonic’
width, which is proportional to the square of the wave function at the origin,
would be ', =0 because the £ =2 wave function vanishes at the origin; however,
the J" would be observed because of S - D1 mixing with the nearby ¢'. 1In
Ref. 5, we have calculated a mixing angle for these two_states based on the
model of Ref. 12. However, as pointed out by Jackson,13 additional terms
should be considered into the F and the mixing angle calculation becomes
more complicated than we have assumed. The correct evaluation of this angle
will have to wait for more theoretical work.

One final observation is that the total width of the Y", T'=28 MeV, is
much larger than those of the Y, I'= 69 keV, and of the Y', I'=0,.228 MeV, as
expected from the Okuko-Zweig-Izuka rule. In fact, the Y" is above DD
threshold, and it can freely decay into charmed particles. We have measured
the cross section times branching ratio 0+ B for D® + K™t across the
resonance (Fig. 4); it shows that the D meson is strongly produced at the
Y". In Section IV we will assume that Y" decays entirely into DD, and in
Section V we will see that this assumption is consistent with our branching
ratio results. :

Fig. 4. Data for O*B versus

E. p. for p° and_ﬁo :
decays into K* 7.

The cross-hatched bars
represent 907 CL upper
limits. The curve is -
the same one shown in
Fig. 3(b), normalized
to the point at 3.774

GeV. ) L
} 1 1 1

0
3.72 3.76 3.80 - 384 3.88
E (Gev)
XBL 7711-10396

III. PRECISE MASS MEASUREMENTS OF D ME3ONS

The invariant mass of n particles is calculated by the formula

Verp? - @3 W

where the Z is over the n particles. At the y" we can measzre the masses
of the D mesons with better precision than previously done.14 1In fact, since
the Y" is so close to threshold for DD production, we can use the following
facts to improve the mass resolution:

(a) No other particles can be produﬁed besides the D and D. We

can then assume that the D energy, i (Ei)’ is the same as the
beam energy, Ey, which is much better determlned than the energy
obtained by the momentum measurements of the trackin§ system of
the magnetic detector. The rms error of E, is 1 MeVld and its
central value can be monitored with high precision.
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(b) The momenta of the secondary particles are low. In fact,
Pp ~ 300 MeV/c and the effect of the uncertalnty in p on the mass
error is small.

 The overall resolution is of about 3 MeV, and the final error is
dominated by systematic errors rather than statistical errors.

For each event we identify charged kaons by time-of-flight measurements17
and neutral kaons by calculating the whr 1nvarlant mass and then applying
appropriate cuts to reduce the background. We then calculate the energy
for all K and (n-1)T combinations possible in the event, select those for

n
which 121Ei agrees with E, within 50 MeV and calculate the invariant mass
for these combinations using E, instead of the measured energy. The
invariant mass plots for the most copious decay modes of the Dt and D° are
shown in Fig. 5. The results for the masses are shown in Table II.
TABLE II. Masses, mass differences, and Q values for the D mesbn
system. The quantities in parentheses are taken from
Refs., 14 and 20 and are used in the calculation of
quantities involving D*'s. All units are MeV. See
text for a discussion of errors.
Mass (MeV) Mass Difference (MeV) Q Values (MeV)

p°  1863.3%0.9 |D'-1° 5.0£0.8[0*°+%°  7.711.7

p" ' 1868.3%0.9 |p*-p*° 2.6+1.8[p*>p"r” -1.921.7

D*®  (2006.0 ¢ 1.5)| (0*-D°)-(0**-D*°) 2.4+ 2.4[p* =% (5.7:0.5)

p*"  2008.6£1.0 p**ap*tr®  5.3:10.9
The mass difference is better determined than the individual masses because
some of the systematic errors cancel out in the mass difference. The value

We can now use

My-M_ = 5.020.8 MeV agrees with theoretical expectations.21
the published values14 20 of the D*© mass and the Q for D** > pOrt and improve
on the D*t mass value and the other Q values for D* decays. These results
are also shown in Table II.

IV. MEASUREMENT OF D BRANCHING FRACTIONS

A. Method

For the first time we can calculate, with relatively few assumptions,
branching fractions for D decays. If N; is the number of D events found
in channel i, we can write

N =

1 Zc(e e - DD) B,A

AL (2)

where B; and A; are the branching fraction and the acceptance for that D
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decay mode, L is the total integrated luminosity of the sample analyzed,
and the factor 2 indicates that either D can decay into that mode.

In previous studies of the D meson properties,22 it has been difficult
to evaluate 0 for D production, therefore only 0*B values were measured.
At the " we can calculate ¢ for D' and D° production with the following
assumptions:

(a) The Y" decays entirely into DD. As discussed in Section 11,
this is a reasonable assumption.

‘(b) The Y" is in a definite Isospin State (0 or 1). 1In this
case; we can expect that Dt and D° are produced equally except
for barrier factors. For P-wave we get for the ratio of the rates

r(o°) o1+ (rp+)2] :
+ = 3 2 ‘ (3)
r(") p+[1+-(rpo) ]

where p,, p_, are the momenta of the D' and D° respectively, and
r is the ragius of interaction.

It turns out that the ratio (3) is not too sensitive to the value of r;

in fact, the fraction of D °D° varies between 0.59 and 0.53 for r between

0 and infinity. We take this fraction to be 0.56+0.03. This fraction is
energy dependent; however, the data sample we used for branching fraction
determination is confined to 3.76 < E < 3.79 GeV, with about 70% of the
data at the fixed energy E = 3.774 GeV, where we have calculated the fraction
quoted above.

With the two previous assumptions and the data of Ref. 5 we get

20(ete” + 0°1°) = 11.5%+2.5 nb, 20(ete” »D'D7) = 9.2£2.0mb  (4)

B. Hadronic Decays with a K and Charged Pions

The mass plots for the D decay modes with a K meson and all charged
pions in the final state are shown in Fig. 5. The sample used has an
integrated luminosity L = 1.21 pb~!. The acceptance of the apparatus A;
includes geometrical acceptance as well as efficiency of the apparatus for
triggering (two charged particles are required), track reconstruction,
time-of-flight identification of kaons, etc. The acceptance has been
calculated by a Monte Carlo program; more details can be found in Ref. 19.
The number of events in each channel and the calculated branching fractions
are given in Table III; the errors in By include systematic uncerta1nt1es.
Figure 5 and Table III show that we have a good signal for the pt + KOort
decay mode. This mode would be suppressed if the AI = % rule observed in
SU(3) is extended to SU(4). Some authors®” have argued that if the octet.
enhancement phenomena that has been introduced to explain the AI = % rule
is extended to SU(4), one expects 20-plet enhancement and therefore suppres-
sion of modes which belong to the 84 representation of SU(4), like the
bt + X°7t. For comparisons with models we give

P(D +> K° n )
F(D + K )

= 0.70 + 0.23 (5)
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various D decay modes.

Fig. 5. Invariant mass spectra
for various D
left) and DV
right) decay modes.
Note that the distri-
butions are plotted
in 4 MeV bims.

(on the
(on the

Number of combinations_and branching ffactions, By, for

Mode Number Combination Bi (%)
F *
K7 130 * 13 2.2%*0.6
Ertn + c.c. 28 £ 7 4.0%1.3
t 4
Kntrw 44 + 10 3.2+1.1
K7n 4+ c.c 17 £ 5 1.5*0.6
T+ 3
Kmm 85 * 11 3.9%1.0

which has a smaller error than the ratio of the branching fractions of

Table ITII, since some systematic errors cancel out.

CO

The Decay p° > Kfn+h°

Using the lead glass wall information we have found some events24 of
the type

Do -+ K-ﬂ+ﬂ° ~and c.cC.

(6)



Fig. 6. Ratio of the 70} 4
measured energy over the rgggi
beam energy for Y rays 60 89 be

in the lead glass wall

(4]
(o]
|

for the reaction efe™ + §
Yy. These data are at £ 40F
the Y(3772); the energy 2 30k

luti i E. =5.8%.
resolution is OY/ ¥

l..).w..l.l‘ LJ e P LYY B Y.
0 25 50 75 100 125 150 175
Meosured energy / beam energy (%)

XBL 7710-6928

Figure 6 shows the energy distribution for Y rays measured in the lead
glass wall (LGW) for events for which a second Y ray is detected in the
magnetic detector shower counters opposite the LGW. These events are of the
type ete~ + yy and the beam energy is at the Y(3772). The energy resolution
for y's of this energy is found to be 5. 87, and we expect it to vary with
energy according to the formula o_/E. = 8%Z/VE. Ey in GeV. There is some
background because no kinematical constraints-mave been applied.

To find ﬂo's from reaction (6) we calculate the invariant mass for
those events for which we have N,,22 in the lead glass wall and at least two
charged particles in the detector. This distribution is shown in Fig. 7,
where only photons with Ey > 150 MeV were used. The mass resolution is

' g
T 0

Ry = 18% .
™

We expect this resolution to improve in the future, since we are still working
on calibration of low energy Yy rays and other aspects of Yy energy measurements.

400 —

W
o

o
—
|

Fig. 7. The two Y invariant mass distri-
bution, MYY’ for events with at
least two Y rays in the lead
glass wall. Only combinations
with each photons having Ey >

- 150 MeV are shown.

200
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44 XBL 7710-6931
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The lead glass wall covers only 6% of the solid angle (10%Z of the solid
angle covered by the magnetic detector), therefore the acceptance for reac-
tion (6) is small. This acceptance has been calculated by Monte Carlo
simulation and includes all the efficiencies of the apparatus as discussed
in Section IV.B. Figure 8 shows the invariant mass distribution of the Kmm©
system calculated using formula (1) with

Z(E) = E

i=1

as for the other hadronic decays. There are nine events near the D° mass
with a mean value of 1861 MeV, consistent with the D° mass we have measured
in other channels (Section III). The background is estimated by counting
the events in the 1.70 to 1.85 GeV region, and it is found to be_l.7

_ events. The 7.3+3.0 events in excess give a branching fraction“” for
reaction (6)

BO® » K% = (12+6)%

where systematic errors have been included.

[ T |
3 - -~
F + o0
Fig. 8. The K w7~ invariant mass  _

for events with a 7° in the 2
LGW, at the W(3772). A z e -
cluster of events appears at @
the D° mass, giving evidence =
for D° » K~mtm° and the E L+ -
charge conjugate reaction.

0 1l B}

L.70 .75 .80 .85 1.90

MKFrsa®) (Gev)
XBL 7710-6974

D. Semileptonic Deeays of D Mesons into Electrons

We have measured the branching fraction25 of the decay mode D - eX
(assuming D > KeV_ or K*ev o) at the Y" using the assumptions of Section
IV.A. We also have pre11m1nary results on an estimate of this branching
fraction at other ete” energies.

The electrons are identified in the lead glass wall. Figure 9 shows the
energy resolution of the lead glass system for electrons of the reaction
e'e” » ete~ at the y". The e-m separation is achieved by measuring separately
the energy, E,c, deposited in the first 3.3 X, of the lead glass and the
energy, Epp, deposited in the remaining 10.5 X,, since the electromagnetic
shower of an electron and the hadronic shower of a 7 have different behavior
at different depths into a given material. For electrons we require typically
(the actual criteria change slightly with momentum) E,~ = 150 MeV to eliminate
noninteracting particles, Epp>0.1E and (Ejc+Epg) > 0.65 E, where E is the
energy of the electron as measured in the magnetic detector. ‘More details can
be found in Ref. 26. We have used data at the P(3095) to determine the back-
ground due to hadron misidentification, photon conversions and Dalitz decays
of m© and n's which result in a pair of electrons of which only one is
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detected in the apparatus. The background per particle in the LGW varies
between 1.4% at 300 MeV/c and 0.4% at p=21 GeV/c; its average over the hadron
momentum spectrum is 1.1%. At higher energies to this value we have to

add the additional contribution from y conversions and Dalitz decays due

to increase in 7° and n productions. The increase of this contribution

from the value at .the § is, at most, 0.4% at p =300 MeV/c and E; eam = 3.2 GeV.
With our selection criteria, the average detection efficiency for electrons

is 75%, and it has been determined by using the QED processes ete™ + ete” s
ete~y, and ete~ete.

Events of the type

ete” » ei + 22 charged prongs + ny (n=0) (D)

have been used to determine the semileptonic branching fraction of the D's.
Only multiprong events are used because heavy lepton production and decay is
also expected to produce electrons in the final state. However, about 85%
of the reaction e+e“+ 1H1~ with one electron in the final state will have
only one additional prong. (See Section VIII and Ref. 3.)

At the Y" we find a total of 61 events which Yass our criteria for
reaction (7) in a sample corresponding to 1.34 pb~' integrated luminosity.
After background subtraction and efficiency correction this corresponds to
53+ 15 events.2> The momentum spectrum for p & 300 MeV/c is shown in Fig. 10.
The curves represent the expected spectra2 for D meson production eIe -+
$(3772) + DD with subsequent decay of the D into TeV Keve, and K" eV,
(V-A coupling has been used). The data are somewhat fnconsistent withlthe
Cabibbo suppressed mode TeV_ (confidence level CL=3%) but are consistent
with both the D + Kev, (CL=133%) and D + K*ev(V-A) (CL=13%) decay modes.?8
The best fit to a combination of the last two decay modes gives the contri-
bution of the D -+ Kev decay to be (57 £ 30)% of the total.

The acceptance for the K or K* decay modes has been evaluated by Monte
Carlo calculations. ' This is somewhat dependent upon the electron spectrum
of the semileptonic decay and the average charge multiplicity of the hadronic
decay of the other D, {(n.,). We have used <nch) = 2.3 as experimentally
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determined (see Section V and Ref. 21). Assuming that D + Kev, and D »
K* eV, contribute equally, we get '

B(D+>eX) = (7.2+2.6)%

We also have data at energies higher than the Y". The electron momentum
spectra are shown in Fig. 11. The curves shown have been calculated from the
center-of-mass spectra given by Ali and Yang27 assuming the reaction mechanism
ete™ + D*D* at 4.16 GeV and the 4.4 -5.7 GeV region, and ete™ + D*D*mm at the
higher energies.
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Fig. 11. Preliminary electron momentum spectra for P, > 300 MeV/c in three
different E, , regions. The curves are normalized to the events
seen for P, > 300 MeV/c and are derived from the spectra given
in Ref. 27. '
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As previously pointed out, it is difficult to evaluate Op to use in
relation (2) at these energies. It is also difficult to determine whether
the electrons are decay products of D mesons, F mesons, or charmed baryons.
We can estimate a value for the D + eKv or eK*v also from these data assuming:
1) all the electrons after background subtraction come from D mesons (this
assumption is needed to calculate the acceptance of the apparatus), and
2) Ry = Reharm = R-Ry-R,14, where R is the constant value of R below‘
charm threshold. Since charmed baryon production is very small (see Section
VII) and F production is not known, these may turn out to be not too unrea-
sonable assumptions. We use Rjj4 = 2.6; Ry is calculated with.M;=1.9 GeV
and R is from SPEAR data.29 Preliminary results of this analysis26 are
given in Table IV, The data at the Y(3772) are also shown in.the table for
completeness; as discussed earlier, this branching fraction determination is
relatively assumption free. In calculating R,, we have removed the contri-
bution from heavy lepton decay into multiprong electrons; it varies from
0tol8+5 events at the highest energy. Figure 12(a) shows a plot of R,

‘as a function of E m,+ Notice that below and above " the electron
production is consistént with zero, which shows that the e signal is assoc-
iated with D productioﬁ. Figure 12(b) shows the variation of Bp with energy.

TABLE IV. Branching fractions for the semileptonic decay of the
D meson into electrons. See discussion in the text
for the assumption used and for explanation of symbols. .

Ee.m. ' El Ci;i;ﬁifd Re Reharm Bpse
(GeV) (pb™ ) . (p > 300 MeV/c) (%)
Y(3772) 1.3 53+15 0.17 £ 0.04 1.7+£0.3 7.2+2.6
4.1-4.2 1.01 50+12 0.26 £0.08 2.1%0.5 7.7%3.0
4.4-5.7 3.46 11920 0.230.06 1.920.5 7.4%2.8
6.4-7.4 5.37 113%19 0.26 £0.06 1.9%0.4 8.7%3.2
16 Rt T | T

21 (b)

, i
_ 12 .
Be (%) ’
Fig. 12. (a) The value of - 08 + + l : |
Ry = 0e/0,,, versus Ec.m, 04} 1 1
—

T
for electrons with 0.0 t + t }
p > 300 MeV/c in multiprong 04+ (a) ete— e + X (2 2prongs)
events., (b) The D branch- C
ing ratios as a function 03

of E. p.» see text for :
assumptions made. . Re v
Results above 4 GeV , ©02 7

are preliminary.
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V. TAGGED EVENTS

At the Y(3772) every D produced should be accompanied by a D for charm
conservation. We can use this fact to "tag" D events; that is, if we have
detecEgd a D or D in an event we know that what is recoiling against it must
be a D or a D. As noted earlier, there is not enough energy at the y" to
produce another pion or D*. 1In our data we have "tagged"

— F +
130 0° or D° + K@
+ O F + ¢
85 D +K7nT
. Preliminary results from this analysis will be presented here (see also
Ref. 21).

A. Absolute Branching Fraction Determinations

The branching fractions By can now be measured independently of any
assumptions on the individual cross sections, using the expression
Ni

€iNp

)
B, =
where Njy is the observed number of events of the ith decay mode, €; is the

corresponding detection efficiency, and Ny is the number of tagged events.

We have some events for which all the particles in the final state have
been observed. We can use these events to calculate branching fractions to
compare with the values obtained in Section IV.B, calculated assuming: 1)
the Y" decays only into DD; 2) DD has definite isospin (0 or 1). Table V
shows the results for those modes with at least two events. Among the other
events, there are examples of

+ - 4 -
Do'*K:TT‘lT'ﬂ'TT

+ +

-+
-»K‘s’ﬂ,n'n

D

Table V shqwé that for the three cases in which we could measure the branch-
ing fraction with this method, the results are in good agreement with those

TABLE V. Comparison of D branching fractions as calculated with the
tagged events(Bi)and with the method of Section IV.B, (Bi)'

\J

Tagging D% Mode? N, B, (%) B, (%)
p° » Kn Kn 2 4.5%2.2 2.240.6

> Kt ntn™ 2 5.5%3.0 4.0+1.3
pt o k't Sk 2 3.4+2.4 3.9+1.1

%Each event has either the decay modes indicated here or their
charge conjugates.
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obtained earlier, proving that the above assumptions are reasonable. This
analysis is continuing, and efforts are being made to fit all the events
where one single particle is missing.

B. Charge Multiplicity Determination

We can use the '"tagged" D events to determine the average charged
multiplicity of D decays. Since the solid angle of the detector is not 4m,
we have to calculate the efficiencies for detecting a given number of charged
particles and then, given the observed multiplicity distribution, we can use
these efficiencies to obtain the true n_; distributions of the D decays.

The unfolding matrix has been determineg by Monte Carlo calculationms.
Figure 13 shows the observed distributions and the preliminary unfolded n
distributions for D° and DY decays. The average values are

(vnch) = 2.3%+0.2 . for D° . (9a)
) = 2.330.3  for pt (9b)
D° Dﬁ
T ] I 1 T I T L

o
o
1
1
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iy Fig. 13. Distribution of number of charged
4 ¢ + prongs in "tagged" D decays.
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VI. COMPARISON WITH THE STATISTICAL MODEL

Table VI is a summary of all the p° and D" decay modes we have observed
and their branching fractions. Assuming p~e universality, and therefore
doubling the D semileptonic decays into electrons, we have measured a total
of (35.8%7.3)% of the D° and (19.8 £3.9)% of the D' decay modes. What are
the other decay modes? Continuing studies of the tagged D events will
undoubtedly improve our knowledge, although the statistics are not large
enough to answer all the questions.

TABLE VI. Summary of D decay modes and branching

fractions measured in this experiment.lg’zl*’25

Mode : B (%)

p°> K 2.240.6
fon-hn- o 4.dil.3
Koot 3.2%1.1
K-n+ﬁ° 12 6
Ronnntn ‘ seen
ex? 7.2+2.6

pt > XOnt - 1.5+0.6
grtnt 3.9%1.0
Kontnnt seen
ex 7.22.6

2 These branchlng ratios are calc%}ated assumlng
D+ KeVor K*ev, and that B(D° ~ e) = B(DY ~ e).

We _will now compare our results with the statistical model of Quigg and
Rosner. 0 These authors have recently calculated the branching ratios of
charmed mesons into various hadronic modes using two different models for
hadron multiplicity distributions: a) a statistical model, and b) a constant
matrix element (c.m.e.) model. Their choice of parameters for the statistical
model gives (n.y) = 3.0 for D° and (n.,) = 3.1 for p* hadronic decays.: These
values are larger than our experimental values given in Eq. (9) Their c.m.e.
model gives smaller average values for charged multiplicities, that is,

{n.? = 2.4 for D° and (n_,} = 2.5 for b decays, however, the ind1v1dual
branchlng ratios [for .example, B(Do + K°rtn™) = 14.5%, B(D° » K7 )y = 4.72
and B(D* + Kk~ ntr ) 12.8%] are considerably different from our experimental
values of Table VI.

Figures 14 and 15, taken from Quigg and Rosner (QR), show the expected
branching ratios to all the K+ pions decay modes for the statistical model
with our values shown for comparison. The following comments are relevent
for the comparison: :

1) For the D~ we have normalized our hadronic branching fractions
to 75% instead of 100%. 1In fact, the QR plots show percent of hadronic



-17-

30 D° decay
(statistical model)
g. B K°7]I7T° K'})l2'ﬂ'
o | Km2m |
o KOm 970 K*nlwr= KO 370
o 20 7 Kn'3
.g : Ktnm=— K*mr=2mw?® 77 ‘
H Ko27© - Kp3mw
[+ -]
f | Ktor-3wr° Ke4m
<
:5 Komt Kt Kertwr-27Y
S 10k Koar*m=mwo®
o Koy
o L4 other K57
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Koo K * 2w 7° | e e 270299
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o ///// Ko Seen |eemarmey K27
Ke2mr+2mr-
o LY L) K'3r2r
2 3 4 5 6 27
Number of Final Particles XBL 7710-6975
. \ v e s . —0
Fig. 14. Prediction of the statistical model of Quigg and Rosner30 for D

decay into all mesonic decay modes.

Our results, normalized to 857

(see text), are shown by the cross-hatched areas. For the p° + X" ntn®
decay mode we have a value B' = (14 *7)7% which is larger than the
predicted value, but since the error is very large, we have cross-
hatched only the expected area (7.7%).

D" decay

30—
(statistical model)
’—
g Ko2zox-
o
8 201 '
© KO3 707~
[72]
c
3 onoq” Ke2mro2mr~
s F Kerom | kegoon-
x .
:: 0 01her?(51r
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K2 6r
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;4?/ Seen Kowe3m
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Number of Final Pariicles XBL 7710-6976
30 for the

Fig. 15. Prediction of the statistical model of Quigg and Rosner

D~ decays into K+pions. Our results, normalized to 75% (see text)

are shown by the cross-hatched areas.
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~ modes into K+ pions, the contribution of the other hadronic modes

is expected to be of the order of 10 to 15%. So we calculate

By = 1.0-0.12 (1.0 - B))-By = 0.75

" where we have taken 12% to be the other hadronic modes and B, = 15%
is the branching fraction for all the semileptonic modes (see

Table VI).
2) For the D° the decay modes into n and n' are included in Fig. 14,
so we normalize to 85% (B .. =1.0-B, = 0.85).

hadronic 2

3) The statistical model does not include any considerations of
dynamics, so the 20-plet enhancement discussed in Sectlon IV.B does
not enter the branching ratio predictions. The pt » ®¥ort decay
mode is calculated using a statistical isospin model, therefore

the possible suppression of this mode does not appear in Fig. 15.

In conclusion, the statistical model seems to be in disagreement with
the present results on branching fractions. However, many decay modes are
still to be measured and certainly we will know more when our analysis of. the
tagged events is completed.

VII. INCLUSIVE PRODUCTION OF p, A and A

We have collected a total of 3.1 pb'1 integrated luminosity between 4.5
and 5.7 GeV with the aim of studying charmed baryon production. We have
looked at various channels like Am, Anmm, but we have found no significant
signal for charmed baryons. However, the inclusive cross sections for produc-
tion of p, A and A show a rise when the energy changes across the thresholds
for charmed baryon production. If these particles were produced, such a rise
would be expected since p, A and A should be part of their decay products.

Figure 16(a) shows the value of R for A and K.production in the 3.77 to
7.4 Gev region, measured by this experiment.31 As discussed in Ref. 31, the

1

T T
olof (0). AcAJz*z*
C

4,+J,+++*Jr o+

i1

0,06

R +
Ak 004
0021
0.00

T

L

Fig. 16. (a) The measured values _

0.8 . of R for A and A production *
versus E. ,  (b) Twice the
06 measured value of R for p
Rp+p Vv —1 ‘+_ production versus E. m. The

04 arrows point to the thresholds

|

for charmed baryon pair
+.++‘ N production calculated with
0.2F &;2-* - the assumptions explained in
. Acxclzc Zc the text.
0 Lkt I 1_ ] 1 |
3 4 b} 6 1 8
Ecm ( GeV)

XBL 7710-6972
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A and A are detected as peaks in the pm and Eﬁ+ invariant mass plots. The
plots are obtained using p and p identified by time of flight (TOF) and other
requirements necessary to reduce the background. Monte Carlo calculations
are used to determine the efficiencies; they vary between 12% at 3.77 GeV

and 18% at 7.4 GeV.

Figure 16(b) shows the value of Rp+p versus E. . as obtained in the
data of SP-26.31 Here we have really measured R— and then multiplied it by
two, assuming that P and p are equally produced; this is done because the p
have a larger background due to e~p interactions in the residual gas of the
beam pipe. The p are identified unambiguously by TOF up to 1 GeV/c; between
1 and 2 GeV/c a "weight" method is applied which requires 7, K'and p separa-
tion on a statistical basis, as described in Ref. 31. Very few p are produced
with p > 2 GeV/c and we evaluate this contribution to be < 9% of the cross
section;_cﬁ,'at all energies.

Figure 16 shows the thresholds for charmed baryon pair production calcu-
lated from the mass formula of De Rujula, Georgi, Glashow32 and using the
values of the masses observed in the event of Cazzoli et al.33 and the
photoproduction data.

If we assume that the increase of p+P and A+ A production going across
the thresholds is due to charmed baryon production, we estimate a maximum
value of AR ~ 0.35 as due to this process. A comparison with Table IV shows

‘that this is much smaller than the charmed meson production and explains

why it is so difficult to detect charmed baryons in individual channels.
Furthermore, the A and A increase is smaller than the p+p increase, which
indicates that A, L°, and therefore r* production is not very large. Most
of the increase in R is in p+7p production; therefore, the most coplous
decays of'A or E may be into strange mesons and nucleons.

VIII. HEAVY LEPTON PRODUCTION

We have studied the process34 etem » 1t~ by analyzing events of the

type

~ eYe” + e* + 1 prong + ny (n = 0) (10)
where the electron is identified in the LGW. We have confined our analysis
to two-prong events because the sequential heavy lepton is expected to decay

85% Of the time into a one—charged prong.

Results from this experlment in three energy regions between 4.1 and
7.4 GeV have already been reported. 3 The published data include 60 anomalous
electrons, with momentum Pe 2 400 MeV/c, identified in the lead glass wall
with a background of 13.9 events. We now have data at the Y(3772) which we
can analyze to investigate the mass of the heavy lepton. The quoted values
for this mass from previous analyses are: M = 1.9%+0.1 GeV from Perl et al.
and M = 1.91+0.03 GeV from PLUTO.3’ |

At the " we have data in the region 3.71 to 3.95 GeV, for an integrated
1um1n051ty gf 2.18 pb This sample includes ten events with an electron
in the LGW3® and satlsfylng the same criteria we have used in Ref. 3. 'The
electron identification uses less stringent requirements than those of
ziztlon IV.D (1 e., Exo >.150 MeV and (EAC4-EBB) Z 0.65 E). The criteria
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.a) Pe 2 400 MeV/c to achieve good e-T separation in the LGW;

b) p pron > 650 MeV/c in order to distinguish u from hadrons in
the magne%lc detector,

¢) the missing mass sguared recoiling against the two prongs
required to be M2 > Mg, an energy dependent cutoff3? chosen to
reduce backgrounds from QED reactions; and

d) coplanarity angle between the two prongs, 6., required to be
= 20°, again to reduce QED background.

A. Inclusive Electron Production in Two-Prong Events

First we calculate the inclusive cross section, T, for events of Eq.
(10) satisfying our criteria, without any assumptions on heavy lepton
production. We use the expression

Ne

o = —

e a

where the acceptance a, is calculated from the covered solid angle of the
two prongs and the efficiencies for triggering the magnetic detector, track
reconstruction and other instrumental efficiencies. The results for the "
data and the higher energy data are given in Table VII. The background is
calculated as explained in Ref. 3; it includes the contribution from events
of reaction ete~ » ete™, ete~y, e'e “ete” , and from hadronic processes such
as ete~ - hh.

TABLE VII. Inclusive electron cross sections for two prong events
‘ ’ with an anomalous electron with p, = 400 MeV/c and
other criteria explained in the text.

Back-~

E (o]
c.m. Lu?;go?;ty Elggzzgns ground Ng (ng) Re
Electrons Corrected
3.71-3.76 0.22 0 0.7 -1.1+3.5 0;1610.54 -0.026+0,087
3.76-3.79 1.28 5 2.0 "4.5%+5.0 0.12%0.13 0.020+0.022
3.79-3.95 0.68 5 1.2 6.8x4.9 0.34%0.25 0.059+0.042
4.1-4.2 1.03 8 2.1 8.7+6.4 0.29%0.22 ° 0.058%0.042
4.4-5.8 2.71 19 4.1 23.5%9.9 0.29%0.12 0.081%0.034
6.4-7.4 5.52 33 . 7.8 37 £13 0.23+0.08 0.126%0.043
Figure 17(a) shows R, versus E The point at 3.774 MeV is one standard

deviation above zero, suggesting that the mass of the heavy lepton may b=z

< 1.9 GeV. Although the statistics are low, we do not observe in the
"2-prong electrons" the same dip after the Y" as for the "multiprong elec-
trons" (see Fig. 12), but we observe a smooth rise of R,, as expected for
T production.

Second, we assume heavy lepton production and calculate
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Ro- % . e
T T 5. T B A C

Hu

where A, is now the acceptance including geometrical, kinematical and instru-
mental efficiencies for the reaction e e -+ Tt1~. Here one T is taken to

" decay into €VeV. and the other one into one charged prong plus neutrals, i.e.
T * UV,\Vr, TVr, pPVg, weighted according to the expected fractionms. > B_ is
the branching fraction of T + ev, v decay for which we have used 18.67%, which
is the value obtained in the expergment with the most statistics.34 For the
spectrum calculation we have used V-A and M; = 1.85 GeV. This plot is shown
in Fig. 17(b), where the point with negative R; has not been included. Here
the curves have been calculated from the QED cross sections for T and uy pair
productions.

: Or 1 43.4 2. B(3-8%
RT = 5 = 5 . S B(3-B°) = R
Hu HU

and assuming My = 1.8, 1.85, and 1.9 GeV. The data are in agreement with a
mass between 1.8 and 1.9 GeV, although thg statistics are not sufficient
to pin down the T mass with good precision.3

T ]
(o)

0I5
Fig. 17, Anomalous electron

I Ll 1 T
production in 2-prong events ' .
with the electron identified ROJO— - ‘ ’
in the LGW. (a) Inclusive e v
- Re = 0g/Opy versus E..m.» 0.05 o
(b) Ry = UI/OUU’ calculated
assuming ete~ - Trt~ produc-
tion with subsequent decay 0.00
of one T into ev, v, and the
other one into one-prong -0.05

only. The arrows indicate
“the wvalues of the Y(3772).

¥
= =

The-curves are calculated 1.0
assuming the QED point 0.8
cross sections Ry = 43.4/s x 'R105
B(3 - B%)/2, where B is 04
v/c for My = 1.8, 1.85, :
and 1.9 GeV. : 0.2

00

Ecm.(GeV)

XBL 7710-6971

B. Background from Charm Production

Next we discuss the background in the electron +1 prong events (Eq. 10)
due to semileptonic decays of D mesons that we have measured in the multi- _
prong events. Figure 18 shows the momentum distribution for the 10 electrons
and one U (from one ep event) observed at the y". The background from ee '
and hh events has not been subtracted, but we know that it is larger at the
lower momenta, as discussed in Section IV.D. This spectrum should be
compared with the one shown in Fig. 10. The two spectra are clearly
different; in fact, the two-prong spectrum peaks at p~800 MeV/c which
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is at a higher value than the peak of the multiprong spectrum (400 MeV/c).
The same effect is observed at the higher energies (2-prong spectra not shown
here).

In order to calculate the contribution from charm to the two prongs,
we need to know (a) the fraction of DD pairs producing only one electron and
one prong in the final state with total charge Q=0, (b) the fraction of the
D+e spectrum with p, = 400 MeV/c, and (c) the fraction of prongs for D decays
with p =2 650 MeV/c. The other cuts to be included are the MM? and the coplan-
arity cut. Without these last two factors we estimate, at the y", the back-
ground from charm to be b_ <137 in the one-prongtelectron events (Eq. 10) and
< 3% in the ey events. At higher energies both R.p,,p (see Table IV) and R,
in two-prongs increase. However, the latter increases by a larger factor
than the former so we estimate that the charm background in the two-prongs
will not exceed the values quoted for the Y" data.

C. Branching Fraction Calculations

The 70 events of Eq. (10) can be studied in more detail in order to
measure branching fractions of different T decay modes. The reactions
considered are now:

ete” » 1tr” | (11a)
™+ etvv; S (11b)
T - AT - (1lce)
T - h; + neutrals . | (11d)

The hadron of Eq. (11d) can be a m or a K from T * pvy, T *> TV, T * KvT

T > K* Vs Or T > AjV. with Ay giving only one particle in the detector.

From the expected branchlng fractions?? we estimate the decay modes contribut-
ing to Eq. (11d) to be 45% of the total. Table VIII shows the distribution

of events in the various categories. The procedure used to obtain the corrected
events from the observed events has been described in Ref. 3. In brief, the
background is calculated from the observed ee and hh events and the known
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TABLE VIII. Two-prong electron events divided in the different
' categories. All energies are added together. The
background is due to misidentified ee and hh events.

N (ep) N (eny) N (eh) N (ehy)
Observed events - 22 10 15 23
Background 0.52 1.73 4,12 11.4

Corrected events 21.8+6.3 4.6+5.0 25.5+10.4 28.2+14.1

probabilities of incorrect particle identification; the final corrected events
are obtained after background subtraction and corrections (a) for misidenti-
fication of h as py and y as h, and (b) for detection efficiency. Background
from charm has not been subtracted.

In order to calculate branching fractions we write

olen) = 24, o(e'e” > TT7) BB, o aw
o(eh) = ZAeh c(e+e' - T+T-) BBy (13)

From the ey events of Table VIII, the acceptance of the apparatus, the QED T
cross-section, and assuming B, = B, we can calculate the leptonic branching

ratio. Averaging over the different E..m. energies, including systematic
errors, we get (for My = 1.85 GeV)
B, = (20.4%5.4)%

For the hadronic modes we add the eh and ehy together, average the acceptance
over all the possible modes, use the value of B, just measured, and obtain,
again including systematic errors,

B, = (45+18)7%
in good agreement with the expected35 value of 45%. In obtaining this value
we have not used the 4.6 +5.0 eyy events. These events are not understood at
this time, but since the signal is less than one standard deviation we ignore
it for the time being.

We have not yet done a separate analysis for the T + TV and T » pv
decays. Preliminary calculations for the ratio B(T-mv)/B(T~+pv) yield
0.44 +0.37, where we expect 0.5. The errors are large, but the result is not
inconsistent with a T + 7V at the expected level.



10.
11.

12.

13.

14,

15.

-2
REFERENCES AND FOOTNOTES

The members of the Lead-Glass Wall collaboration are: A. Barbaro-Galtieri,
R. Ely, J. M. Feller, A. Fong, P. Lecomte, R. J. Madaras, T. S. Mast, M. T.
Ronan, R. R. Ross, B. Sadoulet, T.G. Trippe, V. Vuillemin (Lawrence
Berkeley Laboratory and Department of Physics, University of California
at Berkeley); J. M. Dorfan, G. J. Feldman, G. Hanson, J. A. Jaros, B.P. Kwan,

" A. M. Litke, D. Luke, J. F.Martin, M. L. Perl, I. Peruzzi, M. Piccolo,

T. P. Pun, P. A. Rapidis, D. L. Scharre (Stanford Linear Accelerator Center
and Department of Physics, Stanford University); B. Gobbi, D. H. Miller
(Department of Physics and Astronomy, Northwestern University); S. I.
Parker, D. E. Yount (Department of Physics and Astronomy, Un1ver51ty of
Hawaii).

J. E. Augustin et al., Phys. Rev. Letters 34 (1975) 233.

A. Barbaro-Galtieri et al., Phys. Rev. Letters 39 (1977) 1058;

Lawrence Berkeley Laboratory Report LBL-6458 (1977); and SLAC Report
SLAC-PUB-1976.

J. M. Feller et al., The Lead-Glass Wall Addition to the SPEAR Mark I
Magnetic Detector, Lawrence Berkeley Laboratory Report LBL-6466 (1977),
to appear in Proceedings of the IEEE Nuclear Science Symposium,

San Francisco, California (1977).

P. A. Rapidis et al., Phys. Rev. Letters 39 (1977) 526.

J; Siegrist et al., Phys. Rev. Letters 36 (1976) 700.

G. Bonneau and F. Martin, Nucl. Phys. B27 (l971)v381

D. R. Yennie, Phys. Rev. Letters 34 (1975) 239; and

J. D. Jackson and D. L. Scharre, Nucl. Instr. and Meth. 128 (1975) 13.

The formula for this factor can be found in the last paper of Ref. 7.

Particle Data Group, "Review of Particle Properties,”" Rev. Mod. Phys. 48,

‘No. 2, Part II (1976).

A. M. Boyarski et al., Phys. Rev. Letters 34 (1975) 1357.
V. Luth et al., Phys. Rev. Letters 35 (1975) 1124.

E. Eichten et al., Phys. Rev. Letters 36 (1976) 500;
K. Lane and E. Eichten, Phys. Rev. Letters 37 (1976) 477.

J. D. Jackson, New Particle Spectroscopy, CERN Report TH.2351 (1977),
to appear in Proceedings of the European Conference on Particle Physics,
Budapest, Hungary (4-9 July 1977).

G. Goldhaber et al., Phys. Letters 69B (1977) 503.

P. B. Wilson et al., Stanford Linear Accelerator Report SLAC-PUB-1894%
(1977). ‘



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

—25-

The systematic uncertainties contributing to the errors are: 0.5 MeV
from the long term stability of the E, monitoring and 0.5 MeV from the
absolute momentum calibration.

G. Goldhaber et al., Phys. Rev. Letters 37 (1976) 255;
I. Peruzzi et al., Phys. Rev. Letters 37 (1976) 569.

V. Luth et al., Stanford Linear Accelerator Report SLAC-PUB-1947 (1977),
submitted to Phys. Letters.

For more details on the analysis methods used, see I. Peruzzi et al.,
"Study of D Mesons Produced in the Decay of the Y(3772)," SLAC-PUB-2012
and LBL-6755 (1977), submitted to Phys. Rev. Letters.

G. J. Feldman et al., Phys. Rev. Letters 38 (1977) 1313.

Many authors have discussed this mass difference. Predictions range
from 2 to 15 MeV. For a list of references see Ref. 20 of G. Feldman,
"Properties of the D Mesons,'" SLAC-PUB-2000 (1977), to be published
in Proceedings of the 1977 SLAC Summer Institute on Particle Physics,
Stanford, California.

M. Piccolo et al., SLAC Report SLAC-PUB-1973 and LBL Report LBL-6489
(1977), submitted to Phys. Letters.

G. Altarelli, N. Cabibbo, and L. Maiani, Nucl. Phys. B88 (1975) 285;
R. L. Kingsley, S. B. Treiman, F. Wilczek, and A. Zee, Phys Rev. D12
(1975) 2015; M. B. Einhorn and C. Quigg, Phys. Rev. D12 (1975) 2015,

D. L. Scharre et al., SLAC Report SLAC-PUB-2019 and LBL Report LBL-6761

+ (1977), submitted for publication.

J. M. Feller et al., Measurement of Semi-leptonic Decays of D Mesons to
Electrons at the Y(3772), Lawrence Berkeley Laboratory Report LBL-6772
(1977), submitted to Phys. Rev. Letters.

R. J. Madaras, Anomalous Electron Production in the Lead-Glass Wall
Experiment at SPEAR, LBL Report LBL-6766, to be published in Proceedings
of the 1977 SLAC Summer Institute on Particle Physics, Stanford, Calif.

The electron momentum spectra are derived from the calculations of
A. Ali and T. C. Yang, Phys. Letters 65B (1976) 275, and A, Ali, private
communication. :

Measurements done at DORIS on multiprong electron production, at energies
E>4 GeV, can be found in W. Braunschweig et al., Phys. Letters 63B (1976)
471; J. Burmester et al., Phys. Letters 64B (1976) 369; R. Brandelik
et al., DESY preprint DESY-77/41 (1977). '

The value of R used in the 6.4 -7.4 GeV region is from SP-17 data (V. Luth
to be published in Proceedings of the 1977 SLAC Summer Institute on
Particle Physics, Stanford, California); the others are from this

, experiment: Ref. 5 for 3. 772GeV and unpublished preliminary values

for the other two regions.
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C. Quigg and J. L. Rosnér, Hadronic Decays of Charmed Mesons, Fermi
National Accelerator Laboratory Report FERMILAB-Pub-77/60-THY (1977).

At this writing (October 1977) the SP-26 and SP-17 data on this subject

have been combined and a common paper has been submitted for publication:

M. Piccolo et al., Inclusive Baryon Production in ete™ Annihilation,
SLAC-PUB~-2023 and LBL-6775 (1977).

A. De Rujula, H. Georgi and S. L. Glashow, Phys. Rev. D12 (1975) 147.

‘E. G. Cazzoli et al., Phys. Rev. Letters 34 (1975) 1125; and
B. Knapp et al., Phys. Rev. Letters 37 (1976) 882.

First reported by M. L. Perl et al., Phys. Rev. Letters 35 (1975) 1489,
and Phys. Letters 63B (1976) 466. For a recent review on this subject,
see M. Perl, Proceedings of the XII Rencontre de Moriond, edited by

Tran Thanh Van, RMIEM, Orsay (to be published), also issued as SLAC-PUB-

1923 (April 1977). See also M. L. Perl, these Proceedings.

H. B. Tacker and J. J. Sakurai, Phys. Letters 36B (1971) 103. Also
Y. S. Tsai, Phys. Rev. D4 (1971) 2821. For updated predictions, see
G. J. Feldman in Proceedings of the 1976 Summer Institute on Particle
-Physics (SLAC 1976), also issued as SLAC-PUB-1852 (1976) .

M. L. Perl et al!, Properties of the Proposed T Charged Lepton,
SLAC Report SLAC-PUB-1997 and LBL Report LBL-6731 (1977). Submitted
to Phys. Letters.

G. Fligge, Review of Heavy Leptons in e+é— Annihilation, DESY Report
DESY-77/35 (1977), to appear in Proceedings of the Vth International
Conference on Experimental Meson Spectroscopy, Northeastern University,

Boston, Massachusetts (1977).

The analysis of these data, using only the magnetic detector information,

can be found in the paper of M. Perl, Review of Heavy Lepton Data, in
these Proceedings. ‘

M, = 0.8 GeV® for E, ; < 4.4 GeV, M) = 1.1 GeV® for 4.4 <E, ; < 6.0

GeV, and Mé = 1.5 Gev’ for Ec.pm. = 6 GeVv.

For the energies above 4 GeV we have increased the luminosity by a factor

of 1.08, which was missing in Ref. 3. This factor has the effect of
reducing the branching ratios of Ref. 3 by 4%. All the luminosities
quoted in this talk have been corrected by the 1.08 factor.

The DASP group has reported at this conference a measurement for
B(T + pv._); they also report that their signal for T + mv_ is smaller

than expected.

See the presentation by S. Yamada in theseé Proceedings.



This report was done with support from the Department of Energy.
Any conclusions or opinions expressed in this report represent solely
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