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Introduction and Summary 

Before discussing experimental comparisons with the "Standard Model", 

(S-M) it is probably wise to define more completely what 5s commonly meant by 

this popular term. This mod*»l is a gauge theory of SU(3)/ x SU(2)i, x U(l) with 

18 parameters. The parameters are or,, aqed, &w, M v [Mz ~ Mw/cca0w, and 

thus is not an independent parameter), Mjam; the lepton masses, Mc, A/M, Mt\ 

the quark masses, JWj, Mt) JW&, and M„, Mc, Mt\ and finally, the quark mix

ing angles, 9i,8j,9^, and the CP violating phase 6. The latter four parameters 

appear in the quark mixing matrix as shown in Figure 1 for the Kobayashi-

Maskawa'1) and MaianiW forms. Clearly, the present S-M covers an enormous 

.» range of physics topics, and I can only lightly cover a few such topics in this 

report. 

The measurement of Rhadron I E fundamental as a test of the running coupling 

constant Of in QCD. I will discuss a selection or recent "precision" measurements 

of Rhadmn, as well as so mc other techniques for measuring &,. QCD also requires 

th« seh" interaction of gluons. The search for the three gluon vertex may be 

practically realized in the clear identification of gluonic mesons. I wilt present a 

limited review or recent progress in the attempt to untangle such mesons from 

the plethora of qq states of the same quantum numbers which exist in the same 

mass range. The elec.trowcak interactions provide some of the strongest evidence 

supporting the S-M that exists. Given the recent progress in this subfield, and 

particularly with the discovery of the W and Z bosons at CER.Nl3), many recent 

reviews'*' obviate the need for further discussion in this report. Finally, in at

tempting to validate a theory, one frequently searches for new phenomena which 

would clearly invalidate it. In that spirit I will examine recent searches for new 

particle states. 
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The Meararement of a. 

In ibis section I will discuss recent measurements of £««&>» which haw 
systematic overall scale errors on the absolute value of H*^™. of ±1% or less. 
The meet accurate measurement* from the JADE*5' and MAC*0' collaborations 
are reported at the 2-356 level. The range m y/a of all the measurements -.-. 5 to 
over 40 GeV, and thus the full combination of QCD and electroweali contributions 
to AjurffM roust be considered. 

la the quaik-parton model the ratio JZ*B(i„„ - owron/^wi of the total 
hadronie cross section to the lowest order moon pair cross section is given by 
summing over the available q>iark flavors, n*, 

ftW = 3 ( £ Q\ - «.*«(*(*))£ Q,vq + Itf + a") [s(3)|2 £>? + «J) ) 

(i) 
Where Q9 are the quark charges, u,' and a* are the neutral current vector and 
axial vector coupling constants of the electroweak theory!*), and 

_ g 1 *M& 
= ^ 4ff<* e - Ml + »Af?rz ' ( 2 ) 

It haa been shown'*' that a rapidly converging; perturbative expansion for i ^ 0 j r ( ; n 

may be obtained from QCD , 

*)**••(•) - *.(•) ( i + V + C (?)') • ( 3 ) 

Calculated in the modified minimal subtraction {MS} scheme, one- has 
C " 1.980 - 3,ll£n/. Additional corrections are needed for fi.ate quark mass 
effects near qf thresholds**^ The coupling constant «*, is predicted in QCD to 
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run as a. function of ^ ; the rate of the logarithmic decrease of a> with increasing 
/̂S is governed by Ajj^, the QCD scale parameter. Thus by determining a* at 

one energy, the y/& dependence of Rktinn predicted in QCD can be checked* 
and at higher >/s the weak contribution to Shairon «ft be measured in principle. 
The possibility of confronting theory with experiment depends on being able to 
measure Rhadnn to within a few percent, given the present range of y/i available 
(s < yfe < 45 GeV). The difficulty of such measurements lb partially Illustrated 
in Figure 2 where a. number of < +e" reactions are shown. Many of those reac
tions pose serious backgrounds to the process to be measured (In the cubby In 
the upper right of the figure). In addition, cosmic rays, beam gas Interactions 
and other machine generated backgrounds can destroy the accuracy of an RkUrm 
measurement if not treated properly. Finally, the measurement of the Integrated 
luminosity, typically using Bhabha scattering) is an Important element In the 
accuracy of the measurement. 

In order to best measure Rkadnn certain detector features must be present, 
and an example of the generic R^adm detector Is shown In Figure 3. Illustrated in 
the figure are the requirements of large solid angle (> 90% of 4ff), good hadron 
and electromagnetic calorimetry (over the entire solid angle), charged particle 
tracking (over most of the solid angle), and at least two Independent measure
ments of the luminosity (large and small angle measurements, the latter with an 
independent apparatus), needed by a proper Rhtirm detector. 

Figure 4 illustrates tlie imparlance of a large solid angle. In this example 
froro the MAC collaboration'*', distributions in two (of a number of) variables 
used to extract the hadronic events are shown as obtained from data and Monte 
Carlo. The agreement is excellent, giving confidence that the hadronic event 
extraction efficiency in well understood. K large acceptance of the detector al
lows for a large hadronic efficiency, and the ability to observe most of the event. 
Under such conditions, it is unlikely that the experimenters will be mislead by 
errant Monte Carlos, and even libera] error estimates on MofltO Carlo param-
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etcrs yield only a small contribution t i the overall systematic error. Figure 5 

illustrates the advantage of good calorimetry. This eixample from the Crystal 

Ball collaboration'1 0^ demonstrates the ease of separating certain ty^es of hack-

ground. Using simple caloriifletric variables obtained From only the energies and 

angles from each of the approximately 700 NaI(TI) elements of the detector, an 

almost totally complete separation of cosmic lay events (Teal data) and hadrotiic 

events (Monte Carlo) is achieved. The need for independent measurements of 

the luminosity is shown in Figure 6 also using results from the Crystal Ball. 

In observing the differences in the two measurements, one can with confidence 

estimate the systematic errors (overall and point to point) coming from the lu

minosity; in the case of the Crystal Ball the systematic errors are ±2.7% overall, 

with an additional contribution from point to point ' 1 0 ) . 

Figure 7 shows selected Rhadron values from experiments which have system

atic errors less than 1%. The statistical errors are added in quadrature with 

the quoted point to point systematic errors to yield the error bara shown in the 

figure. The rest of the (overall) systematic error of each experiment is given in 

the figure. Note that MAC reports a ±2.3% systematic error on their Rhadran 

value measured at y/s = 20 GeV-, this is the smallest error yet to be reported. 

Figure 8 repeats Figure 7 with the prediction or the simple parton model overlaid 

(electrowcak effects arc not included). The impression one obtained from Fig

ure 8 is one of an increase in Rhudron At bb threshold, and a general excess over 

the simple parton model aver the entire range of •/» shown. These qualitativr 

impressions are in agreement with the expectations of QCD, however, as w^ sh.il! 

sec, quantitative comparisons are not particularly supportive ?f QCD. 

Figure 9 shows results to higher values of ^ for the Mark-J ''> and TASSO , , : !> 

collaborations. Only beyond y/i of 40 GeV may one hope to see an clTect from 

the purely weak contribution to Rhairim'i however, the errors are still too larj;e 

for a useful determination of the Weinberg angle. Also, the overall systematic 

uncertainty on lifadrtn °f about ±5% for these experiments precludes the pre-
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cisc determination of or, needed tu obtain the QCD baseline from which the 

eloctroweak contribution c;iu he deduced at the high energies. Figure 10 demon

strates another difficulty; namely, at ^aU«'a of the Weinberg angle close to the 

presently accepted v.iluc of 0.23 the cluctrowoak contribution to R/adrjn (domi-

nantly an intcifercncc term) has a KCTO. This makes the electroweak contribution 

e.vcn more difficult, to delect in Ibis energy range. 

Of primary interest is how the value of Rtiatron versus •y/s quantitatively com

pares with the predictions of QCD. In order to attempt such a comparison for •*/$ 

below 40 GcV, a reliable determination of a, at low energy is needed. Recently, 

the use of T(1S) decays has been considered to be reliable for such purposes. In 

particular the calculation of Mackenzie and Lcpagel 1 3 ' which determines a , from 

•A simple ratio of well measured T(1S) decays is particularly appealing: 

a, is defined to second order in the MS ^normalization scheme by, 

462lnln(^ /A| p . ) 

( 3 3 - 2 n , ) l n W A ^ . ) 
1 - 625ln(s/A* ) 

MS' 
(5) 

Application of equation (4) to the T(1S) data ' 1 4 ) yields the first value shown 

in Table I and \^y - Ua + j!? MeV. The other entries in Table 1 arc obtained 

from Ittiair.m measurements as indicated in the tabic. That QCD is not well 

confirmed in its prediction of a decreasing or, with increasing \A is evident by 

examination of the table. Indued, the MAC experiment alone shows almost 

a two standard deviation disagreement with the extrapolation or a, from the 

T(1S) determination. However, it is dciu that more data h needed, and with 

even smaller errors, to reliably check the QCD predictions. 
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Qiurkoohim and QCD 

Another check of QCD of a qualitative nature is given by the comparison of 
the hadronie widths of the 3Pj states of charnionium with those of bottotnonium. 
figure 11 shows the lowest order diagram in QCD perturbation theory describing 
the hadronic decay of the 3Po and 3 f t states; two gluon emission is thought to 
mediate these decays. The diagram for the hadronie decay of the 3Pi state 
is somewhat more involved^*). Equations (6)-(8) give the lowest order QCD 
predictions for the decay**"*. 

Mx 

In. the above rq..iV)DnB the decay rates arc all proportional to the derivative 
of the P-state wave function at tlie origin squared. Using a potential K(>-) which 
yields a 1S-2S mass spacing independent of quark flavor implies, 

V{r) ~ Mr) , (9) 

and tills in turn implies, 

MlO)?~M*fi. (10) 

Taking all factors we find, 

r t ( l 3 A -Iwdroaa) (a^M^V1 M?" 
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Table 2 shows the numbers obtained from the experiments. The last four 
measurements in the table come from 7 cascade decays of the T(2S) to the T(1S), 
and involve two assumptions, First, the lowest E 7 state observed is assumed to 
be the 3 f i state, and the next lowest the aPi state (the spins of these states are 
yet to be measured). Second, the partial width for the decay via a 7 from the aPjt 
state to the T(lS) is taken from theory, e.g., the CB uses Moxhay and Rosner(10), 
(These are electric dipole transitions in the theory.) The theory combined with 
experiment then gives, 

V h t i { P i i (Br(r-T»P^xflK s f t -»TT)I i M • m 

One can then compare theory and experiment, in ratio for the eft and 60 systems. 
Theory predicts [equation (11)], 

whilu experiment gives 0.035 ± 0.028 for this ratio. Agreement is acceptable 
within the large errors and the assumptions made. 

Gluonlc Mesons - The Search for the 
Three Gluon Vortex of QCD 

Que of the most distinctive features «(QCD, ita non-Abelian character, has 
yet to be verified experin «ntally. Figure 12a shows thb feature realized in lowest 
order. The implication of the existence of such a process in lowest order U 
physically realized in the prediction by QCD of the existence of an extensive 
spectrum of colorless, flavorless bound states of two or more gluons. It is expected 
that the lower mass states of these gluonic mesnna arc bound states or mostly two 
gluons, and their masses are predicted to liti In the range of 1 to 3 GeV/c'. In 
this report I will briefly review the status of two states which have for some time 
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continued to hoid the promise of containing a targe gluonic meson component 

in their wave functions. These mesons are the t(l440) and 5(1700), which have 

been primarily seen in tho decay Jfip -+ 7 + X depicted in Figure 12b. (Though 

the £. may have first been seen in pp amrhilation at rest^ 2 0 ' .) Figure 13 briefly 

reviews the statu3 of the t. Part (a) of the figure indicates the Itvcl or informal ion 

available as of 1982. The K+K~ira mass spectrum obtained from the decay of 

about 2 million J/t/i in the Crystal Ball ( 2 1) is shown with and without a MK \ %-

cut at the £(080) mass. This data sample was used to first determine the J p of 

the 1 to be 0~. The Mark II detector at SPEAR had previously Been this state 

in J/V» decays, but was unable to measure its Jp; thus the state was erroneously 

identified as the JF = 1+ meson the E(U2O)( 1 0 ' I 3>. Jletcnt results from the 

Mark HI detector based on about 2.7 million J/V> decays arc shown in parts (b) 

and (c) of the figure; the KgK±n'¥ and K*K~nc mass distributions are shown 

without ». KK mass cut. This huge 1 signal, and very little background, allow? 

foi a definitive Jp determination^ 2 4 ' of 0 _ , thus confirming the result obtained 

by the Crystal Ball. Ail of the results are summarized in the table a t the bottom 

of the figure. It Bhould he noted that preliminary results from a recmt BNL 

experiment AGS #77l(">, have confirmed the 1 + + #(1420) in jwr, and identified 

this state in pp annihilation in flight; however, the experimenters report that the 

situation is more complicated for pp at rest, the same reaction where Dai Hon 

et alS20) fust reported a 0~ state at the same mass. 

Is the 1 a gluonic meson? From the point of view of many theorists it has 

about the right mass and quantum numbers, and its big radiative decay rate 

from the J/-^ Is also supportive of this interpretation. However, many other 

theorists disagree and classify the 1. as a radially excited qq state. Seemingly, a 

way to settle the argument is to measure the radiative decays of the i, since it is 

int'iitive that a gluonic meson made from gluons having no charge should have 

a vanishingly small radiative decay, i.e., 
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figure 14 shows that this is likely not the case. The Crystal Ball(M) and 

Mark Hll") have measured the decay J/i/i -+ 77^° and find a ratio or branching 

fractions (of what may be an 1 related 7p° final state) ' o t —» KRiv of the order 

of 1%. The experimental situation is not clear, however, eince the enhancement 

seen in 7/)0 isee figure) is broader than the t. Evidence that port of this structure 

is the t is based on a preliminary spin analysis (sec reference 24 Tor a review of 

the present situation). The theoretical explanation for the large radiative decay 

or the t, involving a gluonic meson, is mixing of the pseudo-scalar mesons with 

a 0 - gluonic meson. The models in which the L is mainly a. qij state (radial exci

tation) easily accommodate a "large" radiative width; they would have dilTkulty 

explaining a "small" radiative width of the t. The final status of the 1 is yet to 

be settled. 

Figures IS and 10 briefly review the status of the 0(1700). Figure 15 shows 

the signals seen in J / 0 -» 7 X , where in Figure 15a from the Crystal Ball*18* 

X is rjn, and in 1Gb from the Mark III 1 2) X is /C +/f~. Clear signals axe seen 

in both detectors; however, in the Crystal Ball result the statistics arc limited, 

white for the Mark II there is a large background. Also shown in Figure 15c,d is 

the JTJT mass spectrum in both detectors; no clear signal is seen. Doth detectors, 

with varying confidence, determined the Jp of the 6 to be 2 + . These results arc 

reviewed in the table which makes up the top of Figure 16, along with recent re

sults from the Mark III detectorl"' and the DM2 detector operating at DClf 3 0 ). 

Part (a) and (b) or the figure illustrate the data on which the Mark III tabular 

results arc based. The data have clearly improved since 1982; good statistical 

information with little background is seen in the K+K~ mass plot, and a signal 

is evident in the HIT masw spectrum at the 0 mass. Using this data, the Mark III 
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was able to assign a J ^ of 2 + to the 0 with high confidence, thus confirming the 
somewhat tentative assignments of the previous experiments. 

Is the % a gluonic meson? In my opinion it has always been the best candidate 
seen in J/tl> radiative decays due to its quantum numbers and mass^31'. The case 
would be particularly strong if the -ypp final state first seen by the Mark II from 
the J jib with an enhancement at Mtf about 1700 McV(22) had Jp o{ 2 + . The 
Mark HI collaboration has recently presented evidence that this enhancement, 
which itso has a large radiative branching ratio from the J / ^ , was dominantly 
Jp = 0~. However, the observation of a irir final Btate of the 6 has helped the 
gluonic meson interpretation, Thus, as in the case of the i, the situation remains 
unresolved. 

Of course the T system has hardly been explored when it comes to the 
question of gluonic mesons. The predicted production rates are quite small, and 
the existing samples of data are about a factor of 10 smaller than at the -I/ip; 
also4 the detectors operating today arc barely a match Tor this difficult region. 
However, as Figure 17 (and the previous 4 figures) illustrates, the progress at the 
J/iil> has been rapid and the surprises many; the T may have even more to offer. 

New Particle Searched 

The Search for Right Handed Currents 

Beautiful precision experiments have been done on muon decay ft* —* W>e't 

to search for deviations from the S-M and right handed charged currents in 
particular. The experiments were performed at the TRIUMF meson factory by 
two somewhat overlapping groups, a Berkeley-SIN-TRIUMF group (B-S-T)(:,!), 
and a Berkeley-Northwestern-TRIUMF group (B-N-S)'33). What I am presenting 
in this report has been presented in more detail in reference 34. 

The union differential decay rate, avenged over the e + polarization and to 
lowest nan-vanishing order in Me/M^, is given by, 
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- \{2x - 1) + (45/3 - l){4z - 3)] fP„ cos tf , (15) 

where 

an j JT — 6 is the e + angle relative to the spin direction of the decaying j t + , PM 

is the polarization of the ft+

t and p, rj, £, and 8 are the usual muon decay 

parameters' 3 5) ac calculated in the Standard Model. 

The bask idea of th« experiment I will discuss here is shown in Figure 18. The 

highly polarized unions ai-c stopped in a magnetic Geld and allowed to decay. In 

one set of runs the field is 1.1 T parallel to the muon polarization, in another set 

of runs th^ field is 70 or 120 gauss perpendicular to the polarisation direction. In 

the case shown in Figure 18, the field is parallel to the polarization direction and 

the spectrometer is observing backward e"1' near x = 1. This decay cannot occur 

due to angular momentum conservation unless right handed charged currents are 

contributing to the decay amplitude. 

The experiments measured a numbei of parameters (sometime; in two ways) 

in order to obtain unprecedented limits on the mass of right handed Wa, under 

the assumption that a right handed neutrino would be massless. Figure 10 shows 

some of the results of the experiments. The data presented in part (a) of the 

figure were used by the B-5-T collaboration to measure TJ. In the S-M, tj = 0, 

the preliminary results of the measurement' 3 2 ' yields, 

r,txp = -0.087 ± 0.097 (16) 

In the figure the S-M, with t} fitted, is compared to the measurement. The small 

x end of the spectrum is particularly useful in this measurement, and the B-S-T 
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group working at TRIUMF has built a spectrometer optimized for the low energy 

end of the positron spectrum. 

Figure 19b shows the data (and fit) used to extract a preliminary value for S 

by the B-S-T collaboration. The S-M expects 6 = 3/4, and the fit, leaving fP^ 

free, but fixing p to the S-M value of 3/4, yields the "very preliminary'' value, 

£ = 0.748 ± 0.004 ± 0.003 . (17) 

This is almost a Factor of two improvement on the precision of the present world 

average. 

Figure 20 shows the measurements of the positron endpoint spectrum 

(x near 1.0) by the B-N-S collaboration. Part (a) and (b) of the figure com

pare the spectra in x near the positron endpoint for B± equal 70 or 100 gauss, 

and Bu at 1.1 T, respectively. The effectively unpolarizcd spectrum in part (a) 

shows a characteristic sharp edge which is used to calibrate the spectrometer. 

That edge almost vanishes completely when, as shown in part (b), the strong 

longitudinal field holds the muon spin nearly anti-parallel to the positron direc

tion. (There is a very small remnant edge left due to the finite acceptance of the 

spectrometer^ 3 4).) In order to minimize the effect of the finite acceptance of the 

spectrometer, data like those of Figure 20b (but divided into bins of cos0), are 

plotted in Figure 20c, cos 0 versus (£PM5//>) cos 0. The intercept at cos 8 = 1 a[ 

the best fit line in the figure yields the limit ' 3 4 ' (which as we shall see is related 

to the limit on right handed currents), 

tPfiifp > 0.9959 (90% C.L.) . (18) 

When B± is applied as for the data of Figure 19a, the muon spin rotates and 

(Pp) — 0. (V—A) induces a maximal muon spin rotation (u£R) asymmetry in 

the decay e+ decay rate. When the muon lifetime is factored out of the time 

spectrum, the -.inusoidal modulation in Figure 20d is obtained. The amplitude 
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of the pure (V-A) contribution would be reduced by a (V+A) admixture. This 

technique offers a measurement of (fP^J/p) which has rather different system

atic biases than the previously described measurc-mem/3 , 1). Fitting the data of 

Figure 20d the B-N-S collaboration obtainst 3 4), 

SPpS/p > 0.9S48 (90% C.L.) (19) 

For U(l) x SU(2) t x SU(2) f l , the W mass eigcnstates Wi and W2 need not be 

the same as the gauge bosons Wf, and WR, and so there can be a mixing matrix, 

El- COSf SUl f 

— sinf cosf 

IF one defines a parameter a such that 

WR 

(20) 

a = M^JM^ (21) 

f and a are related to the experimentally measured quantities hy, 

W ^ 1 - 2 ( 2 ^ + 2a«r -1- f 1 ) (22) 

with MVR = 0. One can then plot limits for f versus alpha for the B-N-S ex

periment under the assumption that MVR = 0, and this is done in Figure 21. 

Also shown in in the figure is the only significant experimental constraint which 

does not depend on assumptions about the right handed neutrino mass from 

C D H S ' 3 0 ' . The limit on f comes from the y distributions in vN and VN scat

tering where no right handed neutrino need be produced. For a review or limits 

with other assumptions on the right handed neutrino mass and from a number of 

experiments, see reference 34. Under somewhat restrictive assumptions, we thus 

find WR mass limits of over 400 GeV from this B-N-S very low energy experiment. 

I find this a beautiful result. 

14 



The Search for Narrow States in the Radiative Decays of the J/xjj and T 

First I will discuss results from the Mark II detector at SPEAR on a narrow 

state at a mass of 2.2 GeV/c 1 in JfrJ) radiative decays. This is really a brief status 

report on this state, called the £, since it was first reported in conferences in the 

summer of 1983( 3 7). For a complete status report see the talk of R. Partridge in 

these proceedings'38). 

Figure 22 shows the signal as seen in 1983 data and the sum of 1983 and 1984 

data. Tn thu 1983 sample of about 1.8 million J/I(J decays the signal is fitted as a 

5 standard deviation (s.d.) effect; however, the sum of the 1982 and 1983 data, 

2.6 millions J/ip decays, shows a Lower significance of 4.6 s.d. The best estimate 

of mass and width &rc*JT', 

m( = {2.218 ±0.003 ±0.010) GeV/c 1 , 

T < 40MeV (95% C.L.) . (23) 

The state is best seen in J/ifr —t ^K^K~, and the product branching ratio is 

B1 J / 0 --. ^(2 .2)] x B(e - K*K~) = (5.7 ± 1.9 ± 1.4) x 10" 1 . (24) 

The Jp of the state is not measured with the present data, but the most likely 

hypotheses are J = 0, 2, or 4^3TK Figure 23 shows the data taken in 1982 and 

19B3 separately. In parts (a) and (b) of the figure the masses are allowed to 

be different in the fits to the two data samples, and the fits show structures 

at different masses. If the mass is fixed to that seen in the 1983 data sample 

(sec 23d), the fit of Figure 23c results. In order to confirm the £ the Mark III 

collaboration hopes to obtain much more Jjtj) data in the near futur«- It should 

be noted that DM2 at DCI has only reported upper limits on the £ which are in 

mild conflict with the Mark III results'3^. 
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The possible existence of a narrow resonance in this mass range in Jfifj 

radiative decays has stimulated speculation that the £ might be a non-S-M Higgs 

bosati^ 4 0 ' , but at present more prosaic explanations* 4 1 ' seem more likely. 

Considerably more excitement was caused last summer by the announcement 

from the Crystal Ball collaboration of evidence for a narrow state in T radiative 

decays**42). The large mass of the proposed state, called f, a t 8.3 GeV/c a , sug-

£ested to a number of theorists the possibility that the state was a non-S-M Higgs 

candidate ' 4 3 ' . The state was observed by the Crystal Ball in two independent 

final state configurations, one of higher multiplicity and hadronic character, and 

one of lower multiplicity possibly if. 

Given the numerous reports on the f over the past six months, I will only 

briefly review the results presented at the summer conferences*4 2' as an orienta

tion to presenting recent results from a run of about 200k T events taken by the 

Crystal Ball at DESY last Fall, and results from the CUSB detector also from a 

Fall run at CESR. These latest results are preliminary. 

The first results came from a sample of about 100k T(1S) decays [10.4 pb~ ' ) . 

Figure 24 shows the signal in the high multiplicity final state. The fit to the data, 

shown in the figure, yields a. 4.2 e.d. effect at the f mass. Figure 25 shows the 

results from the low multiplicity final state. The fit to the data, shown in the 

figure, finds a 3.3 s.d. effect at a mass 10 MeV away from the fit in the high 

multiplicity case, and well within the statistical error on the mass measurement. 

Taken as independent, the two final state configurations yield a signal of over 

5 s.d. The best estimate of the mass and width of the state is 1 * 1 ' , 

M( = (8.322 ± 0.008 ± 0.024) GeV/c 2 , 

T < 80 MeV (90% C.L.) . (25) 

The branching ratio, T -+ ^f, is somewhat model dependent since the manner in 

which the f decays can effect the efficiency for finding photons in the final state. 
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This » reSected in the product branching ratio into hadrons for the ?, 

5[T(1S) -* <tf j X S IJ - • Ao<£r«res| = (0.4.7 i 0.11 ± Q3&)% , (26) 

where the Brat error la statistical, and the second error is systematic with the 
bulk of this systematic error coining from uncertainties in the photon detection 
efficiency. Including the low multiplicity final state complicates matters even 
more, thua the Crystal Ball collaboration prefers to give the result as, 

B|r(tt)-+Tf| ~ D.S*» • (27) 

Given the excitement the announcemeut of the i caused, it was natural that 
a large effort waa mounted to check the initial report from the Crystal Ball. This 
was done both at DFSY and Cornell last fr.1). The Crystal Ua.ll obtained about 
200k mow T decays in the detector (22 pb _ I ) in, a six week run. The CUSB 
detector has obtained about 340 k more T decays in their detector (corresponding 
to about 22 pb"1 at CESR due to the narrower beam energy spread}, making 
About 450k events in total when adding in oldw data.. In addition, 6 pb" 1 

were obtained at an energy Juat below the T in this nm. CESR's run at the 
T continued for about 11 weeks. The results I report here Tor both detectors, 
essentially, have been reported previously*4*'45). 

In the Interim between 1983 (100k T) and 1Q84 (:200k T), the Crystal Ball 
detector underwent a major upgrade. A new tricking chamber system was in
stalled which increased the number of proportional tiihe chamber layers from 
sfx to eight. Also, a now gas was used (Ar-COj-Methanc), which stopped the 
chamber degradation with beam expoau™ which was previously plaguing the 
detector. This change necessitated a major restructuring of the online data ac
quisition hardware and software and efflms analysis software. These changes 
had been in progress for some time, but the Fail 1984 run was the first real 
physics data taken with the new system; of course there were problems in the 
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initial part of the run, Th*: problems encountered <w»ly allowed & rapid, analysis 
of the latter 60% of the data from this raa, and only for the high multiplicity 
final state. Most of the first 40% of the data has been recovered and will be 
reported OH soon for the high multiplicity channel. The l«w multiplicity chan
nel is more problematic since the backgrounds in the analysis are sonsitivo to 
the tracking chamber quality (not the case for the high multiplicity analysis). 
Thus, the dramatic improvement nf the new chamber system over the old one 
has necessitated a total rethinking of the charged particle cuts In the low multi
plicity analysis. Tim Crystal Dall collaboration hopes that this analysis will be 
completed by this summer. 

A comparison of the high multiplicity channel analysis from the 1083 run, 
100 k T, and the last 60% of thr. 1&&4 Tim, about 125k T, it presented in 
Figure 26a,b. The new data obviously do not confirm the f. There is over a 
A a.il. difference at the ; mass between the 1983 data and this preliminary anal
ysis of the last 6D% of the 1984 daLa. The Crystal Ball collaboration does not 
presently understand the origin of this difference; however, the potential phynlcs 
impact of tin: f is so great that the experimenters have the burden of proof to 
show tbn.1 the f signal reproduces in every valid data set. 

The CTTSB collaboration has also reported new results. Their result at the 
Leipzig Conference''10' was an upper limit of 0.296 (90S6 O.L.) for the product 
branching latio, B\"C -* TJ?| x S [{ -» hadrons]. This result was based on a 
nample or 112k T decays. However, this upper limit la calculated using a photon 
efficiency baaed on a model of the QCD process, T -» 7;;, for T radiative decay 
to the f. If thi:; mndel is used to obtain the branching ratio In the Crystal Ball (the 
0.5% value in the Crystal Ball is obtained using a c3 model for the- hadronlc decay 
of the c^2') the value obtained is about G.25% The new preliminary analysis 
fr?u-. the CUSB collaboration, using the new data (340k decays) gives an upper 
limit for the product branching ratio of 0M%-G3% (90% C.L.) W» depending 
on whether or not a new sector of the detector, made from BGO scintillator. 
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was included in the analysis or aot (lower limit without BGO sector). The same 
modal fbr T dscsys> T -+ fffff, was rased to calculate the photon efficiency, thus 
the CTJSB upper KmU* nt only is mild disagreement with thestumnerrasiiltsW 
of the Crystal BaB, The taw* trouble ft» the ( at this time is probably coming 
from the Crystal Ball Hself. 

Tha Search for Supersynunetric Particles 

I roport hue recent limits obtained by the MAC collaboration'47' on the pro
duction of photlnoe 7 and aneutrinos 37 in e +e~ production at Etm. = 29 GeV . 
Figure 27 chows the diagrams tested for. The photino diagram has been 
calculated!4*), and, 

<7(«+«- -• T?7) ~ aty(Afi)* . (28) 

Candidate events an aelected by the size of their "perpendicular energy", Ex-
All that la aeen in the detector la a single photon candidate with, 

^J. £ (\/* - fy) sin 8„tll> , (29) 

where E? is tha measured energy of the photon, and 6vtla is the minimum angle 
covered by tha detector. Figure 28 shows the result of the search. Part (a) 
shows the observed Ex spectrum for the first data sample taken (36 pb~ l), with 
Ituio «e 10* and search region Ex > 4.5 GeV, Part (b) shows the observed E± 
spectrum for the second date, sample taken (80 pb~ l), with 0„ t t A = 5° and search 
region Ex > 3-0 GeV, Oat event is observed in the latter data sample. This 
result leads to the upper limit for photino production vc. is e mass shown in 
part (e) of the figure. The exptrlinental observations can also be turned into a 
limit on the sneutrlno mass'*7'. E.V 20 < M$ < 29 GeV, Afj> > 10 GcV/cz. 
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Conctaskxtts 

1. The niimineofUi.ecoup]i^coi^i»nVt^, predictedl>yQCDt«a<>tpf«HatIy 
ooen by using Bre&auraaents of Rhairw Howswr, the systematic (tints 
on the measurements sUK allow a running a*. It should be noted that 
when calculating a, at the J / $ and T using the technique of Lepage and 
Mackenzie'13), a running a, is also not observed, but la allowed within 
error. 

2. Evidence for the three gluon coupling predicted by QCD is atill lacking, The 
search for gluonic mesons has continued to be inconclusive, even though 
candidate meson properties have been considerably refined. 

3. Searches for right handed currents have no fat proved negative, though 
impressive mass limits have been obtained. Searches for aupersymmetrlc 
particles have also proved negative, with mesa limits strongly coupled to 
accelerator energy. Much enthusiasm and inventiveness has been generated 
by the announcement of two possible now states, f (2.2) and f (8.3); how
ever, the existence of these states is presently uncertain. In the cue of the 
f, theoretical interpretation outside the S-M played a very prominent role. 
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Table 1. « , from wioui 

(v5)«//«««(GeV) Tnifwu'lwnt Comments 

4.54 — 0.165 ±0.005 T decay, (14) 
6 0.155 0.12 £0.11 « , CD, (10) 

29 0.126 0.23 dL 0.06 JZ, NoelectTOweak Included, MAC, (6) 
32 0.123 ~0.20 A, aln'tfjv -̂  0.23, JADE, (S) 

32 0.123 ~0.18 R, sin3 % - Q33, TASSO, (12) 

Table 2. Experimental determination of 
hadronic width of l9Pj st&tet. 

State System r^lMoV) Communtg 
s«> c5 17 ± 3.5 CD, (16) 
Bfi cB < 3.8(fiO%CL) CB, (16) 
3ft C2 2.0 ± 2 CB, (16) 
8A ft o.o4i+85* CUSB, (17) 

»J»* 66 O.J521SSS CUSB, (17) 

»ft d °.ora$5S CD, (IB) 

8 ^ 66 °.wi3&S CB, (18) 



Figure Caption! 

Figure L The quark mixing matrix in the KobayaBhi-Maskawa and Maiani forms. 
Ci and at denote coa$t and «in«; respectively. 

Figure 2. The various types of Interactions seen from an e+e~ initial state. Many 
of these reactions are serious backgrounds to JZjudraa (the upper right cubby). 

Figure 3. The generic RtuUron detector as illustrated by the Crystal Ball detector. 

Figure 4. Comparison, in the MAC detector, of data (solid circles) and 
Monte Carlo (histogram) for distributions of transverse energy, ^ , and energy 
asymmetry, L 

Figure 5. Comparison, in the Crystal Ball detector, of energy asymmetry for (a) 
cosmic rays, (b) Monte Carlo hadrons at s/a = 5 GeV. 

Figure 6. The ratio of large angle luminosity measurements to small angle in 
the Crystal Ball detector. The open circles are 1980 data, the closed circles 
1981 data. 

Figure 7. Rhairen f° r selected measurements with the overall systematic error 
±7%. The references to the various measurements are given in the text, except 
for LENA<«). 

Figure 8, Same as for Figure 7, except linos at Rh^m*. = 3.333 and 3.667, from 
simple parton model shown for reference. 

Figure 9. Jl^t,^ from TASSO and Mark J compared to full c-lectioweak theory 
and ranges or sin 0\v • 

Figure 10, R((}CP+WEAK)/^QCD V S > sin'ffiy, for \A = 14. 35 GeV. 

Figure 11. Lowest order diagram from QCD yielding T^^Po) and r h l K t( 3 p2). 

Figure 12. a) Gluon gluoii interaction via giuon exchange predicted by QCD. 
b) possible gluonic meson production mechanism in quarkonium decays. 

Figure 13. Experimental status ..i r.. a) Crystal Ball results, b), c) Mark in 
results, table summarizing status. 

Figure 14. Results on J / ^ -+ ftp. a) Mark III, b) Crystal Ball, c) DM2, table 
summarizing extraction of ip contribution at t mass. The results in the table 
might correspond to an i contribution, based on a spin analysis . 
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Figure IS. Results from 1082 on the 0(1700). a) fjff final state, b) K+K~ final 
state, c) no signal seen in *+x~ final state, d) no signal seen In ifiiP final state. 

Figure 16. Present experimental status of 0(1700). a) Mark HI K*K~ final 
state, b) Mark III ir+jt~ final state with signal evident. 

Figure 17. a.) The CUSB inclusive prompt photon spectrum from the T(1S), b) 
the Mark II inclusive prompt photon energy spectrum from the J/Vs 
c) the Crystal Ball inclusive (unsubtractcd) photon energy spectrum from the Jfif>. 

Figure 18. Muon decay via (V—A). Angular momentum conservation forces the 
decay rate to zero for positrons decaying backward relative to the muon spin 
direction. The presence of a (V .-A) component allows such a backward decay. 

Figure 19. a) The positron momentum spectrum from p + decay at rest used 
by the B-S-T group in their preliminary determination of the decay parameter 
7, b) the /iSK asymmetry measured by the B-N-S group in their preliminary 
determination of the muon decay parameter 6. 

Figure 20. Distributions in reduced positron momentum, r, with the spin 
(&) processed due to the presence of a 70 or 120 Gauss tranverse field, (b) 1.1 T 
parallel field, (c) Fitted [£Ppt>lp) cos 0 for data like those in (b), divided into bins 
of cos0. (d) The decay time spectrum Tor data with transverse field [as in (a)j 
with muon lifetime factored out. 

Figure 21. Experimental 90%-C.L. limits in the a - f plane for the B-N-S exper
iment, shaded area, and CD1IS, region interior to bold lines. 

Figure 22. Mark III results for J/r/> -+ it, { -• K*K~. a) 1082 data alone, 
b) 1983+ 19B2 data combined, 

Figure 23. Mark III ${23} results continued, a) 1982, b) 1983, results fitted 
allowing the mass of the resonance to vary in the fit. c) 1982, d) 1983, results 
fitted keeping the resonance mass fixed nt the 198$ value. 

Figure 24. Crystal Ball rcsulte for TflS) -+ */f(8.3), e -+ kadrona. a) The 
inclusive photon spectrum after all cuts including physics-oriented cuts, b) the 
region of the f peak of (a), with fit shown as a solid line, c) same as (b) with the 
fitted background subtracted. 
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Figure 25. Crystal Ball results for T(iS) -» l{{&3), {~*km multiplicity, T+T~ 
bisaad sample including all cuts, a) The inclusive photon spectrum, b) the $ 
peak region or (a), with fit shown as a solid line, c) the same ad (b) with fitted 
background subtracted. 

Figure 26. Crystal Ball results for T(1S) -> Tf (8.3), f -» multihadrons. a) The 
results from 1983 data Bhovm already in 24a (100k T decays), b) the preliminary 
results from 1084 data, no ? peak is seen (135 k T decays). 

Figure 27. Diagrams used to calculate a) e+e~ ~* -rfr, b) and c) e +c~ - t 71a/. 

Figure 28. Results from the MAC collaboration on 7 production, a) The observed 
B± spectrum for the first data sample of 36 p b - 1 with 0vtu> ~ 10° and search 
region E± > 4.5 GcV, b) the spectrum for the second data sample of SO pb"1 

with 6VA0 = 5° and search region Ex > 3'0 G c V > c ) the lower limit fox M* 
as a function of Afjj the solid curve is for MtL = MiR', the dashed curve for 
JWjt > MjBi the limits are at 90% C.L. 
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