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ABSTRACT

The total eross section for the production of hadrons in e*e” annihilation
exhibits complex structure in the region of center-of-mass energy-about 4
GeV, where R, the ratio of the hadron to p-pair cross sections, changes
from a plateau value of about 2.5 to a new flat region of about 5.2. Corre-
sponding structure is not seen in exclusive 2(rtr~) and 3(rt7~) cross sec-
tions, nor is structure seen in identified K~ spectra. Anomalous e-u events
are observed ahove an E, ,, of about 4 GeV, which are not explainable as
arising solely from K° semileptonic decays of charmed mesons, or from two
body decays of a new meson.

INTRODUCTION

The total cross section for the annihilation of e*e” into hadrons has
yielded a rich structure even excluding the peaks of the §(3095) and the
$*(3684). In particular there appears to be complex structure around E,
=4 GeV, the region separating the domain where R, the ratio of hadronic to
p-pair cross sections, changes from a plateau value of around 2.5 to a new
plateau around 5. 2.

I will describe the newer results of the SLAC-LBL Magnetic Detector
Collaboration! in the areas of total cross section measurements and in sev-
eral areas where we have searched for other structure that might be associ-
ated with the transition from the "old"" R ~ 2 physics to the "'new'" R ~ 5
physics. Iwill go over the status of the charm search, our K~ and p spec-
tra, the information on exclusive multipion final states, and finally the sta-
tus of the anomalous e—u events. The apparatus has been described before,
so Iwill only mention a few details as we go along.

We define a hadronic event as one with a vertex in the luminous region
of the beams, having > 3 prongs or two prongs acoplanar by > 20°, and
having momenta > 300 MeV/c. The hadronic yields are corrected for back-
grounds originating from beam gas or beam wall interactions, which are
typically a few percent. The yields are normalized by measurements of
Bhabha scattering in the detector, or, for the 'fine scans', by measure-
ments of small angle Bhabha scattering by small counters set into notches in
the beam pipe. This is done, of course, to avoid the large statistical errors
associated with the wide angle Bhabha scattering of these relatively short
runs, The small angle luminosity measurements are calibrated and checked
for consistency with the wide angle measurements.

The efficiency of the detector is determined from a set of Monte Carlo
programs that estimate the probability of detecting p charged particles given
that q were produced. Several models, varying from pure pion phase space
to limited transverse momentum jets, were tried, with approximately 5%
variations in the overall efficiency of the detector. The Monte Carlo gener-
ated probabilities were then used with observed charged particle distributions
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Fig. 1--Average detection efficiency

vs Ec.m. .

The total cross section ver- 30
sus Ec,m. of about a year ago is + :
shown in Figure 2, The cross . +++ +
section due to the 3 and y' and 20 r HH + T ]
their radiative tails has been re- ¢ ¢ 4
moved, as has been done for the 10 k- ¢
'subsequent plots of o' and R. ¥ (3100) v (3700) .

The cross section drops o Let ! ! 1 ! !
smoothly until encountering a 02 3 4 5 6 7 8
broad peak around 4.1 GeV, and Ecm (GeV)

then resumes a smooth drop.

Fig. 3 shows the total cross Fig. 2--Total hadronic cross section
section at the time of the lepton- vs E, p, circa January 1975.
photon conference, 2 While the

general falling behavior of g., is unchanged, the area around 4.1 GeV seems
more complex, indicating stfucture around 3.9 GeV and 4.4 GeV. A plot of
R versus E, [, corresponding to the data of Figure 3 is shown in Figure 4.
R is flat at a value of about 2.5 up to E, ~ 3.5 GeV, roughly consistent
with the value expected from colored u, 'dt?'and s quarks. R then goes
through a complicated transition region and plateaus at a value of about 5. 2.
This contribution of the '"new physics" seems high for only a charmed quark,
and might indicate thresholds for heavy leptons or other new processes have
been reached, (Note that most hadronic and semileptonic decay modes of a
‘heavy lepton would satisfy the "hadron definition' of an event. )

Our most recent data for R between 3.8 and 4.6 GeV are shown in Fig-
ure 5. There is a broad peak between 3,9 and 4.3 GeV with indications of
substructure. A small peak is seen at 3.95 GeV with a width of about 60
MeV, and a dip is seen near 4.08 GeV, Finally, another somewhat narrower
peak is seen at 4,4 GeV. It is difficult to quantitatively obtain the param-
eters of these peaks. The resonances are occurring in the transition be-
tween the two plateau values of R. The threshold effects of the new channels
that are opening up may distort Breit-Wigner line shapes. The shape of the

Thadrons (Nb)
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Fig. 4--R vs Ec m corresponding to cross sections of Figure 3.

background is unknown so separation is problematical and the resonances
may be interfering with the background and each other, We have fitted only
the relatively separate peak at 4,4 GeV. Fig. 6 shows the mean charged
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multiplicity and mean observed
momenta for the data in this en-

ergy region. There is no structure, thus justifying the smoothed efficiency
that was used. It is interesting that in a region where o4 changes by almost
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Fig. 7--R vs E;_p,. for data used to
fit (4414).

a factor of two, no significant
change can be seen in these two
features of the data.

Figure 7 shows a fit of a
Breit-Wigner with its radiative
tail to the data, The ¥ 2is 17.9
for 20 degrees of freedom. If we
assume J=1, then I, =440 * 140
eV. The resonance parameters,
along with those of the 3 and y'
for comparison, are shown in
Table I. The y(4414) has a full
width more than a hundred times
that of the y'; nevertheless its
decay width into e pairs is around
1/5 that of the ',

Shortly after the discovery
of the ¢, SPEAR and the Mag-
netic Detector were set up to run
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TABLE I
$(3095) 3" (3684) b(4414)
Mass (MeV/c?) 3095 + 4 3684 + 5 4414 £ T
T (MeV) 0.069 + 0,015  0.228 % 0. 056 33 £ 10
I, (eV) 48506 2.1 0.3 0,44 £0,14
B, 0.069 £ 0,009  0.0093 £ 0,0016 (1.3 % 0.3) X 107>

in a scanning mode to search for other narrow resonances. The system's
first (and only) success was the discovery of the y'. This scan and a sub-
sequent scan up to Eq ., =7 7 GeV are shown in Fig. 8. The first scan,
excluding the 3', sets upper 90% confidence limiis on a narrow resonance of
about 900 nb—MeV while the high energy scan sets upper limits of about
450 nb-MeV. The errors shown are only statistical.

Due to the dlscovery in P-Bg scattering of the T,3 a peak at 5,97 GeV
decaying into ete” pairs, there has been considerable interest in searching
for it in ete~ annihilation. Consequently, we conducted a search between
5.68 and 6. 08 GeV with considerably greater sensitivity than the older fine
scans. The preliminary online results are shown in Fig. 9. The integrated
luminosity at each point corresponds to the production of about 20 p pairs.
The data are consistent with a constant value of R « 5.2, If the T is narrow
compared to the SPEAR energy resolution of ~ 9 MeV FWHM (at E, .m. ™
6 GeV), then one can set an upper limit on I}, of ~ 100 eV. If the T is'wide
enough to be resolved at SPEAR, then we set an upper limit on the branch-
ing ratio into e pairs, Bee> of ~1%10779,

CHARM SEARCH

A search has been made in_the 1nvar1ant mass spectra of Ki1r s 7r+1r"
KYK~, KsK*, Ksrt, Kgntr~, K¥r¥r®, and nt7~1", looking for peaks cor-
respondmg to a new mes LF The amount of data that has been examined
since our last publication™ has approximately tripled, but the results are
still negative. Data samples of roughly 10,000 events at E, . =4.1, 4. 4,
and 4.8 GeV have been searched. If one assumes that the 'new physics" is
associated with the production of charmed mesons, then upper limits on
various decay branching ratios can be set. These limits appear to ""push"
the expected values,5 but do not rule out the theory. Of course, if part of
the increase in R is due to phenomena other than charm, the upper limits
are higher.

PARTICLE SPECTRA

The Magnetic Detector separates n's, K's, and p's by a time-of-flight
system consisting of 48 plastic scintillators in a cylindrical array at a
radius of 1.5 m from the beam. The time resolution is ~ 400 ps, allowing
7-K separation up to momenta of 600 MeV/c and K-p separation up to 1.0
GeV/c. Only negative prongs are identified to avoid problems from beam-
gas events which preferentially scatter protons. The particle spectra are
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Fig. 9--High sensitivity fine scan of 0p vs E,
for 5.68 GeV < E_p, < 6.08 GeV.

corrected for trigger efficiencies,
decay losses, and losses due to
several particles striking a single
timing counter,

Figure 10 shows the particle
production cross sections at
Ec.m, =4,8 GeV. The spectra
at other energies are similar,
The 7's peak before the K's or
p's. Figure 11 shows the frac-
tions of K™ and p versus mo-
menta for various E between
3.0 and 7.4 GeV. The Tractions
of K~ and p increase smoothly
over the identified range in mo-
mentum. Incidentally, the K~
fraction must stop increasing by a
momentum of 1 GeV/c in order to
connect with the K¥p fraction of
0.21 + 0, 06 for particles with
p>1.1GeV/catE, ,, =4.8
GeV measured by the Maryland-
Pavia-Princeton group.® Fig. 12
shows the number of identified K~
and p per event versus E, .
Since the identification procedure
has fixed momentum cutoffs and
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Fig. 11--Negative particle fractions have previously seen that there is no
for indicated E dramatic change in the mean mo-

mentum of charged particles in the

Eq. ~ 4 GeV region. It is in this
region where the transition to the ""new physics" occurs, and where the 4.1
GeV bump causes a large change in 0.. Nevertheless, no change is seen in
the K™ spectra, as might naively be expected from the decay products of
charmed mesons if charm is involved with the step in R. It is also interest-
ing to note the drop in K™ per event at the y and y'. This effect, with less
sensitivity, is not seen for the p's.

C. m,

EXCLUSIVE MULTIPION FINAL STATES

It might be possible to gain some understanding of the '""new physics" by
examining the cross section for exclusive final states as a function of E, . .
If the processes responsible for the doubling of R produced exclusive finéIm'
states similar to those of the "old physics', we might expect a substantial
increase in those cross sections in the E, m =4 GeV region, :

The only exclusive final states that wé are able to analyze over a wide
range of E, ., are the states 2(rtr~) and 3(n*t7~). Other states have not
been studied over the full SPEAR energy range because of limitations of
cross sections, acceptance, resolution, and particle identification. The ac-
tual events analyzed can be those where all the prongs were seen (4¢-c
events), or where one charged particle was missing (1-c events). 1-c events
were not used above Ec.om, = 4 GeV to avoid contamination problems. The



T T ! | i I

ete —=2(mr*mr) (a)

e

o Orsay
o)
% A‘ Frascati
e This Experiment

T T l]'llll

o (nb)
T TYI'”T‘
o

H+'

¢
0.1 = ++
0.0!
- ete—3(r*r) (b)
10 a Frascati

T T TT'”II

?# ? e This Experiment

o {nb)
H lfT‘l”I
e
——
.
=
——
——

0.l

=
=
__+_

T 7T llll"l

Y lllIHlI
~N -
i tatapl ! L i lllllll L L Llillll 1.4 lllllll NN YL bod llAI i llAllll L1 lllllll 11 lllllll Lot 1L i4sl

0.0l

1T 7[‘”[!

ooo Ll 1 1 11|

Ecm. (GeVv)

20702

Fig. 13--Cross sections for exclu-
sive productlon ofa)2(rtr)

and b) 3(n*77) vs Ec.m.

_9_

data sample at 3 GeV was enriched

by using data from y running. This
is legitimate since the y has odd G-
parity, implying that the decays to

states with an even number of pions
are mediated by a virtual photon.

The cross sections as a function
of E, are shown in Fig, 13. The
upper Irﬁot is the- 2(7r TT) Ccross sec-
tion and is cons1stent with a smooth
fall, o ~ s~ * 0.5, The lower
plot is the 3(7r T~) cross section and
it glso fallg approximately like o ~

-2.3 Neither set of data
shows any structure in the Ec.m. =
4 GeV region,

At the low energy point, there
are sufficient data to investigate
resonance production within the ex-
clusive states. Fig. 14 shows the
invariant mass distribution for pairs
of n's. In the 2(n*7r~)data, strong p
and f signals are seen; the solid
curve is a fit using only uncorrelated
Breit-Wigner shapes for the p and {,
with a ratio of prm to frmr of 1.9+0.5.
The 3(r*tn~)data are fit with only a
prrrm assumption. No f signal is
seen., The dashed curves in both
plots show invariant phase space,
Figure 15 is a scatter plot of the
mass of one pair of m's versus the
mass of the other for the 2(n*n~
data, plotted so that M, > MZ‘ A
clustering of points is seen at My ~

which is evidence for
the exc ?1u31vepprocess ete™ — pf.

ANOMALOUS e EVENTS

Probably by now most of you
have heard the arguments for the
anomalous e-u signal seen at SPEAR,
Rather than review these arguments,
I will discuss a small subset of the

data from the so-called muon tower before going over the phenomenology of

the e—u data.

During the interval when SPEAR I changed into SPEAR II, two concrete
absorbers corresponding to ~ 30 ¢cm of iron were placed on top of the mag-
netic detector and spark chambers were installed above each absorber, as

shown in Fig. 16.

Candidate events for the tower analysis were required to

have precisely two oppositely charged particles headed in directions so that,
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a0 b ] for data of Fig. 14a ordered
so that My > M.
30 |~ -
20 - - if they were muons, one should get
to level 2 or level 3, and the other
10 - 7] should get to a spark chamber at
o A | ! | level 1, It was also required that no

0O 05 10 |15 20 25 30 photons be seen in the shower count-

Mot (Gevic2) ers; and that the charged tracks have

momenta > 650 MeV/c, be acoplanar

by > 20°, and have a missing mass
squared recoiling againsé hem
greater than (1.5 GeV/c“)®, The
acoplanarity and missing mass re-
quirements discriminate against ra-
diative ete- and putu- events, Fifty-
eight events satisfying these require-
ments were found. A muon is iden-
tified as a particle with small pulse
height in the shower counters and a
signal within the expected area of the
muon spark chambers. An electron
is identified as a particle with large pulse height in the shower counter and
no signal in the expected muon spark chamber area., Other prongs are
called hadrons (h).

Misidentification probabilities for e's and u's are determined from a
sample of collinear lepton pairs. The probability thast an electron simulates
ap at levels 1 and 2 in the tower is less than 2 X 107, The probability that
ap gives a large shower counter signal and does not penetrate the absorber

Fig, 14--n1*7~ invariant mass dis-
tributions for a) 2(rtn")
and b) 3(r*7~)final states,
The solid lines show fits
using uncorrelated Breit-
Wigner distributions for
the indicated resonances
plus uncorrelated pions.
The dashed lines show
invariant phase space.
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Fig. 16~-Muon detectors in SPEAR I and SPEAR II.

is less than 3x 103, Hadron misidentification probabilities are estimated
from data in which 3 or more prongs are detected and all are assumed to be
hadrons. The probability of a hadron simulating a p at level 2 is about 7%
and the probability of a hadron simulating an e is about 20%.

Of the 58 events, 10 were identified as ete™, 11 as ptu~, and 37 as com~
binations of e, p, and h, including 5 eu with the u identified at level 2 or 3.
A conservative estimate of the misidentification background can be made by
assuming the 37 events are all hh. The arithmetic is summarized in Table II,

TABLE 11
Event Number Misidentif'ic_ation Backgroupd
Type Probability Contribution
ee 10 0.002 0.02
Hp 11 0.003 0.03
hh 37 0.2x0.07 - 0.53
TOTAL " 58 ' 0.57

and the expected background is 0.57 eu events. The statistical probability
that the 5 observed ey events are due to the background is about 3x 10-4.
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Onto the physics! Possible sources of the e~y events might be the decay
of a new meson:

ete” — vty

N L__. bt
uty

. K’
Another possibility is the leptonic decay of a sequential heavy lepton:
ete- U*E _
L e P vy
+ =
n VuVU

Another possibility is the semileptonic decay> of charmed mesons, such as:

ete- — UtU”
‘_Ql——- K'e D,
+
R v, |
Other possibilities such as radiative pair production and two-photon proces- -
ses appear unlikely. 8 1t is also unlikely that the semileptonic decays of
charmed mesons are the sole source of the e-u events. The 777~ signal of a
K_ decay is clearly observed in the magnetic detector. In a data set having
48 ep events, a search was made for events of the form epKg, eeKg, and
puKg. If all of the e-p events were from K semileptonic decays, then, put-
ting in the efficiencies and acceptances, 47 #Kg events should have been seen.
None were observed. Another way to state the result is that the fraction of
ep events due to K semileptonic de-
cays is less than 5% at a 90% confi-
dence level. If other semileptonic de-
cay modes are considered, the upper
limit to the semileptonic contribution
is less than 19 to 32%, depending upon
assumptions about the misidentifica-
tion of e-u events.

The raw cross section for the
production of ey events versus Eq m,
is shown in Fig. 17. The cross sec-
tions have not been corrected for the
detector acceptance or the kinematic i , + ]
cuts since the origin of the events is
unknown. There appears to be a L N
threshold slightly below E, ,, =4 GeV. ole L 1 l L l
The statistical accuracy is insufficient 3 4 S5 6 7 8
to distinguish between the production TOTAL ENERGY (GeV) .
of a heavy lepton pair, which would .
fall like 8/s, or meson pairs, which Fig. 17--Uncorrected cross sec-
would fall like (3/8)3. More informa- tion for observation of
tion can be gained by combining the e and ¢ and no other
data at different E¢, m. to examine the particles vs Eqo ., -

30 I T T T T

20 - -

36 2
Oe ., observed (10736 cm?)
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— 3 body decay of U
- .} 2-body decay of U
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NUMBER OF e's OR u's

Fig. 18--Distribution in p=(1-0.65)/
(Pmax-0.65) for all E,
The solid curve is the dlS—
tribution expected for the
decay of 1.8 GeV /c2 heavy
leptons. The dotted curve
represents 1sotroplc decays
of a 1.9GeV/c? boson. The
dashed curve is similar to
the dotted curve except the
collinearity angle distribu-
tion which has been set to
fit the data.

momentum spectrum by constructing

.- a variable

p-0.65 GeV/c
—0 65 GeV/c

P,
The data are shown in Fig. 18.
The solid line is the distribution
expected from the V-A decays of

heavy leptons of mass 1 8 GeV/c2.
It is a good fit with a y2/DOF of

about one. The dotted curve is the
distribution expected from an iso-
tropic two-body decay while the
dashed curve is a two-body decay
with a collinearity angle distribu-
tion adjusted to match the data.

Both curves are poor fits to the
data the isotropic decay curve has
ay /DOI‘ of about four and the
curve which matches the collinear-
ity distribution is worse. This in~
dicates that not all of the e-u events
come from two-bhody decays. Figure
19 shows the collinearity angle dis-
tributions of the e-u's for three
ranges of E, , . The heavy lepton
distributions are again better fits

than the two-body decay distributions.

The distribution becomes much less
isotropic as E, i, increases,
which is characteristic of the pro-
duction of a pair of particles.

SUMMARY

The total hadronic cross section
to p pair ratio R is flat above and
below a transition region around 4
GeV. The transition region has at
least three peaks in it. No other
structure is seen in the total cross
section, nor is any seen in K~
spectra, or in 47 and 67 exclusive
cross sections. There are no en-
couraging results from the charm
search, but the present limits are
not very damaging to charm theo-
ries. Anomalous e-u events exist,
with origins that cannot be explained
as coming exclusively from semi-
leptonic decays or two-body decays.
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J\_\z: ~—— 3-body decay of U
/9‘ ......... 2-body decay of U

coll

T I I
3.85/5<4.8 GeV

10 /5= 4.8 GeV -

EVENTS

4.8< /5<7.8 GeV

Fig. 19--The distribution of ep
events vs the cosine of
their collinearity angle
for three differentranges

0 —d - of Eg .. The curves
1.0 0.5 0 =-05 -0 have the same meaning as
€0s Geqn) - in Fig. 18.

Hopefully some of the questions implied by these data will be answered by the
next conference.

2.
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