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SUMMARY OF PROPCSAL

A. Physics - We shall concentrate on the following areas:

l. Measurement of o, (hadrons)/d as a function of & in small
total H
steps for 27 < s =Th GeV2.

2. Measurement of s dependence of copious exclusive channels ir small

steps of, s.

3. In large blocks of data st s = 36, 52, and 70 GeV® we shall study
exclusive spectra and scaling properties of mesons in the deep
inelastic region, meson resonances, baryon spectra, and hyperon

spectra.

i, Search for jet structure of miltihadron production.

5. Search for heavy leptons.

B. Equipment Needed

’

This experiment would utilize the magnetic detector already successfully
used by these groups for SPl/SP2. Some modifications and improvements
are planned. '
C. Running Time Requested (Shifts)
Checkout . 100
" Energy Scan: 2.6 GeV to 4.3 GeV in 0.1-GeV Steps® 120
Large Blocks: 3.0, 3.6, and 4.2 GeV 285 ;} Prime time

Background Messurements . 100
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MANY-BODY FRODUCTION -~ INTRODUCTICHN

We have become so accustomed to talking about the production of
hadrons by electron-positron annihilation, that we sometimes forget how
. extraordinary a process it is. In all other hadron production reactions

we start with at least one hadron and then make more hadrons. But in

e + e  + 2 or more hadrons . (1)

we start with only a virtuel photon and that photon changes into hadrons.
Our theoretical understanding of how a single virtual photon changes into
hadrons is very weak. The vector-dominance model is more a prescription or
fremework than it is a basic explanation of the process. ‘For the vector
dominance model does not give us any insight iﬁto how the virtual photon
changes into the vector meson. The simple-quark model does provide some

besic insight, but that model faces grave difficulties if the ratio

’

g s
e e —hadrons (2)

R =
oe'*e' st A

remains substantially above 1 at high energy. In any case, at SPEAR II

energies just about the entire cross sectién U(e+e— —hadrons) will consist

of many-body production; insight into how a virtual photon changes into hadrons

ﬁust be .obtained from many-particle production data. <

Another view is provided by noting that the SPEAR II energy range of
2.5 to 4.3 GeV corresponds to

25 <s ST4 Gev> . (3)

This corresponds to pion-proton collisions in the range of 13 to 39 GeV/c
pion laboratory momentum. Now in this energy range, pion-proton many-body
reactions already exhibit many of their high-energy properties. For example,
the dependence .of the average charged multiplicity*CNch> on s is roughly what
it is at higher energies. And in this energy range the single-particle, pion,
inclusive distributions already exhibit scaling. Therefore, it should be very

useful to compare the many-body properties of
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7¥* — many hadrons (W)
with

x + p — many hadrons (5)
in the SFEAR II energy range.

TOTAL CROSS SECTION

.Quark or parton models have been actively pursued recently es the result
of measurements of decp inelastic electron scattering and e+e_ annihilation
into hadrons. Largely because of its simplicity, the total cross section for

e+e" ~>hadrons has received much attention within these models. The parameter

R =0y va1/%point
for producing a pdir of point-like Dirac particles is one of the most important

the ratio of the total cross section to the cross secticn

numbers to be studied. The most naive models -assume that any quarks/partons
produced are produced to the fullest extent ?onsistent with being point-like
particles, and that no threshold or dynamical effects destroy the simplicity -of
their result, viz., R =1'2 Q,f, where Q‘i are the charges of the constituents and
R is thus some universal number. Many different such numbers have been proposed
in efforts to solve various problems: The first value of R = 2/3 is the result
of the original quark model; such & .value is in clear conflict with existing
storage-ring experiments. Adding "color" to gquarks not only patched up the
quark statistics but also brought R up to a more "reasonsble" value of 2.
Figure 1 shows a collection of the world's data on S0t (e+e- —hadrons),
" including the most recent datum from CEA at s = 25 GeV2. While R = 2 is not
incompatible with the lower-energy Frascati results, it is in poor agreement
with the CEA data. Other models are possible yielding still higher values of

R (e.g. charmed quarks, Ham Kambu + charm...)

Fundamentally, however, these various models all predict some asymptotic
constant. If one takes the data of Fig. 1 at face value, there is no evidence

of having reached a constant value of o as a function of s, never mind get

the "right answer" in any of these modeig?__It should also be pointed out that
the cross section is far from structureless; indeed the totel cross section at
] ﬂ'B.GeVE is dominated by the O ntn end % w0 1onC channels, which contribute
in roughly equal amounts. The former channel is the channel used for the

announcement of the existence of the p' vector meson by Frascati workers. lihe
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Becond chamnel has not been studied in these terms but the p' is expected to
have a large branching fraction into this channel. If one takes claims of

the p' seriously, then we must admit that the Frascati data are more nearly
the domain of spectroscopy than asymptotic guark models. Experiments now in
progress at SPEAR (SP2) will provide zhe first accurate, detailed s dependence

of Gtotal in the range 9 < s < 27 GeV ', These data should provide a good

link to Frascati data and extend knowledge of Gtot' With SPEAR II a similar

experiment would extend the range of s up to 73 CeV .

Recognizing that existing experiments, or experiwents in the near future,
may not reach the asymptotic region, models have been studied of how the limit
might be approached. For example, Appelquist and Georgil suggest that the

limit would be reached from above but the approach is only logarithmic in s.

2 '

[1 + c/log(s/mg)] Sq

A model by Gatto and Preparata? would have

= (1+ M/E)5e"

where _—
A5 GeV. ) 1
3 . o I

A more complex result of Renard” would also approach the limit from above.

All of these models in one way or another sﬁare the common basis of Bjorken
scaling. An intriguing possibility suggested by Chanowitz and Drellu is that
we shall see a breakdown of scaling. Their prediction is that R increases ?
with s: ]
Re< (1 4+ 2 s/MGE)for s << MG2

Estimates of MG? ave -~ 50-100 GeVE. These estimates of MG? come from deviations
from the dipole fit to the nucleon form factor and from the deviation from
scaling in inelastic electron scattering. To be sure, both of these re31lts

are subject to.other interpretation, but a SPEAR II experiment at s-«TO GeV

would meke a clear test of this Lhypothésis.
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Making & detailed measurement of the s dependence of R into the range

s 270 GeV2 would be valuable for testing these varicus models. We should
hope to gain information for these questicns: Is there an asymptotic region
where scaling liolds? Where does such a region begin? How does R approach
the asymptotic region? The answers to these questions lie not only in the
measurement of R but also in looking at specific channels. If, for example,
one finds that some exclusive channel scales, then the correspondence arguments
of Bjorken and Kogut5 will be in difficulty. L1kew1se, one wishes to know if

tot is made up of a number of cheannels which §cale, or whether it is made up
of many channels which open, peak, and fall away again. In order to study such
questions one must.collect a much larger set of dﬁta, at various values of s,

than:would be required for a measurement only of o One of the by-products

tot’
of an accurate measurement of the s dependence of R is a search for heavy
leptons which, due to some branching ratio into hadrons, would be manifested
as a step in R. More detailed informationr on this search-are given in a

separate section.
MULTIPLICITIES

The large solid-angle detector used for SP2 is not only ideally suited
to measurements of Ofot but also to measurement of the multipiisz& of the
final state. The trigger counters cover 70% of lLx and the spark chanbers
an even larger fraction. Thus convincing ﬁeasurements of the charged
multiplicity cen be done with rather little model dependence of detection
efficiency. The shower counters will provide some infofmation on the 2°
multiplicity. .

Numerous different models have been made, of the multiplicity expected
for high energy e+e_ annihilation. The statistical model predicts <n>-"F;
other models predict < n > to grow logarithmically with s or even to reach a
constant. The latter alternative would pose grave difficulties for the
correspondence arguments of Bjorken and Kogut? where < n > — const. would mean
that some specific channel would scale instead of behaving like an elastic
channel (e.g.,'e+e_ —*ﬂ+ﬂ-). Sanda,6 using a constituent model, related possible
growth rates of the total cross section tolthe average multiplicity; viz., if

R increases like log s, then < n > must increase like s/log s.
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The angular distributicn of the final products of Ot ot is also of
interest. ne model which has been suggested to describe the production of
multihadronic events in e'e” collisions is the "jet" model. In this model
the electren and positron annihilate to form a heavy virtual photon which
decays into a pair of virtual partons which subsequently decay into hadrons
(mainly pions). The "jet" model predicts that the average hadron multipli-
city < n > increases with a log s dependence. On the other hand, in a

statistical model for multihadronic production, < n > increases as \/s.

The average multiplicity of charged hadrons < n > in multihadronic
events has been measured.at Frascati and CEA for s ‘=25 Ge‘V2 Using these
data one cannot distinguish between s-dependences of the form < nc> =a+ b log s
and <n>=2a+Dd /& (see Fig. 2). We shall measure the s-dependence of < n >
over the range 25 GeV%f s =T GeVe. This will extend the results of SP2,

which will cover 9 = s = 25 GeVe.

»

In the jet model the average transverse momentum of the hadrons < ?L>
with respect to the jet axis for each event is~360 MeV/c, whereas the
average longitudinal momentum can be much larger. At s = 16 GeV2 and 25 GeV2
(cra), < lil >~ T00 GeV/c. In order to measure < ;_)L>, one must determine
the jet axis for each event. We are now investigating methods for caleculating
the jet axis, for example, by determining the eigenvalues and eigenvectors

of the tensor

_ 3. i i 1 2 2

Top = §(2 PaPs ~ 5 Pop Py )/iZ‘pi

. (suggested by Bjorken and Brodsky,T). The distribution of tﬁe angle between the
jet axis and the beem direction will be used to determine the properties of -

the jets, if they are produced.
INCLUSIVE SPECTRA

The study of inclusive spectre is closely related to measurements of
Ot otal in particular, models based on scaling relate to both types of measure-
ments. The complete analog of inelastic electron scattering from protons is
the process e+e- — D + hadrons. With the apparatus used for SP2 we should be
able to identify protons having a momentum less than 1.5 GeV by time-of-flight.
Calculations by Bjorken and Kogut5 indicate that BO-hO% of all proton events

would be accepted by this cut. In addition they estimate that ZL4% of o)

consists of events having a proton in the final state at s~70. Preliminary
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results from the UCIA groupS at SPEAR suggest that the estimate of Bjorken and
Kogut5 is conservative. On the basis of one observed event at s = 27 they
estimate the cross section for e'e” — P + anybhing of 0.2 nb. Such & cross

section would represent'*l.5% of ¢ « The fraction is expected to rise rapidly

tot
with s.

In addition to a proton inclusive spectrum, more complex barycn inclusive
spectra may be studied; e.g., A or A , These states appear as two particles
in the magnetic detector. Because of this, the particies may be identified
over a widgr kinematic range than protons; the_yields should be of a magnitude

gimilar to the proton yields.

States such as KS and K* may be identified and studied. Other less
specific inclusive spectra may also be studied with the magnetic detector;
any charged hadron will be accepted. However; it will only be possible to
distinguish between x's and K's for momenta less than 800 MeV/c. Nonetheless,
the kinematics are the same (or very nearly the same), and tests of scaling
are possible. In addition, the applicetion of scaling and the Callen-Gross
relation predicts a simple angular dependencé of 1 + cosee, which is characteristic

of the production of point-like fermions at high energies.

THE SEARCH FOR HEAVY CHARGED LEPTCNS

A. Introduction

So much has recently been written about the ﬁossible existence and the
hypothetical properties of heavy leptons {see, for example, M. L. Perl, SLAC-PUB-
1062, now being revised) that there is no need to discuss those guestions here.

We merely summerize the latest results.

There are two main classes of hypothetical heavy charged leptons (called~ﬁ
in this proposal):

Type I — Lepton number is that of e or p. The dominant decay mode is

L > eorp+v. (1)
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Type IT — Lepton number is different from that of e and e

The decay modes are

£—>e+v£+ \'ze (2a)
'&—"p+v£+ Gp (2b)
L = vp + hadrons . (2¢)

For type I heavy leptons the present lower limit on mass is 2 to 5 GeV.
For an £ with electron lepton number the limit comes from an e+e— colliding

beam search9 for the reaction

- - + + -
et re s+ > et 75 (3a)

and from colliding beam studies oflo

+ - =
ee — 77. (3b)
For an"{ with muon lepton number the limit comes from preliminary high-energy

. . 11 . :
neutrino experiments wusing the reaction

¥+ nucleon - £ + hadrons. (&)

For type II heavy leptons,the present lower limit of 1.0 &V ccmes from
an e+e_ colliding beam search.12 This search method consisted of looking for

e* u; pairs from
U A (5)

with the decey modes in Egs. 2a and 2b.

\
"B. Search Method

Since charged leptons with masses greater than 1 GeV are expected to have
lifetimes shorter than 10-11 second, the detection of these leptons depends
completely upon the nature of the decay modes. The decay rate X into the modes
of Eqs. 2¢ and 2b can be calculated frcm first-order wesk interaction theory
if the hypothetical lepton £ has the normal weak interaction coupling. Ignoring

the p-e mass difference

l‘t —’ .V'U.LG“ = }"JP, —+v%e\'}e . (6)
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The decay rate into the hadronic modes can only be estimated, particularly
for the higher masses where the decay will usually be into (q&-+ 2 or more
hadrons). As discussed in SLAC-PUB-1062 there is a connection between

k'f; —+ ¥ ‘{;Ihadrons

r = (7)
AL —w‘[,/e\?e
and
R = 0e+e_ —hadrong . ' (8)
o

+ - + -
ee —+ pp

Using recent data on R, we estimate r in Eg. "'( to be about 3. Therefore we

assume

-

%& —*Y£padrons: %ﬁ H*Y{Pap-: *& -*Y{?Ge = 3:1:1 (9)

We propose to use two search methods:

l. Earlier in this proposal we described a measurement of the total

cross section in 0.1-GeV energy increments. The total cross section for
e +e” > Ll | (10)

is -
ey W LrE0 “) o

*where B is the velocity of %t. Therefore if there is a heavy charged lepton

of mass M*’, once Ebea.m > M£ and P approaches 1, we should see

_ o~ ) /R, (12)
e+e — 'ﬂtf', e+e —+ hadrons
where R is defined in Eg. 8. Of course we do not know R but we guess it will
be about 5. Then the existence of a heavy charged lepton of mass M£ will produce
a shoulder in the observed total hadronic cross section of magnitude
2 L . ~0.12 0 . (13)

> R ete” — hadrons e e — hadrons
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by collecting several thousand hadronic events at 0.1-GeV-energy intervals,

we ought to be able %o find such a heavy leplcn.

2. The second search method involves a search for the special decay-mode
; 4 <
corbination of an e p* pair produced by the sequence

Lo ptety, _ ' (14)

This search would use the data acquired in the large statistics runs at 3.0,
3.6, 4.3 GeV, which were proposed earlier in this proposal, in order to study

many-body production.

-

OTHER SUNDRY INFORMATICN

As residual informetion obtained naturaily during normal data-taking, we
point out that a test of p-e universality ma&_be made. At the energies of
SPEAR II the only two-body cross sections expected to survive are the e+e~
end p+p_ final states. Electrons will be clearly identified in the shower
counters and in addition the p spark chambers give additional information on
penetrating particles. Such a test_yill be entirely limited by systematic

errors of the apparatus; we estimate these to be~5 to 10%.

R. F. SchwitterslBhas studied depolarization mechanisms for storage rings
and found that there should exist operating points relatively free of such effecis,
' and the calculations of Sokolov and Ternov:L should be applicsble. Qur apparatus
may be profitably used for detecting effects of beam polarization by cbserving

azimuthal non-uniformities of the angular distribution of p pairs.

RUNNING TIME REQUESTED

This experiment divides naturalliy into two distinct parts: One pert calls
for modest data-taking at meny different machine cnergies. This "Energy Scan"
is useful for determining the detailed s dependence'of the total cross secticn
and searching for a heavy lepton. The scan is useful also for studying the
behavior of copious exclusive chénnels. For studying less copious exclusive
or inclusive channels we shall also need three "Large Blocks" of data to collect
sufficient data on any one channel to study its scaling behavior, angular

- distribution, etec. . =
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The “"Energy Scan" is expected to require about 120 shifts to cover the 18
steps of machine energy. This will provide ~ 2000 multihadron events at each
energy. To this an extra 25% should be added for background studies (separated
beams, single beams, etc.). The "Large Blocks" are estimated to require 75
shifts et 3.0 GeV, 50 at 3.6 GeV, and 160 at 4.2 GeV in order to obtain about

" 500 proton events at each energy. To thege amounts another 25% should be added
- for background studies. This chemnnel was selected as an interesting but nct a
copious reaction for study. In addition, looking for scaling behavior of

exclusive chamnels will require much data.

Naturally, the deteétor having been off for an extended period, for
upgrading SPEAR and for some equipment improvements to the detector itself,
gome checkout time will be regquired to bring all‘equipment into working order.
Time will also be needed to learn about possible unexpected backgrounds
associated with SPEAR II. For these purposes-we estimate 100 shifts of check-

out time. .

Summary of Running Time

(shifts)
Checkout 100
Energy Scan 120
Large Blocks 285 Prime time

Background Measurements 100

EQUIPMENT NEEDED

This experiment is based upon use of the solenoidal detector designed

and built for SPl/SPB by some of the authors of this proposal. Generally

speaking, the detector would be used as it has been successfully used during

the running of SP1/SP2. There will, however, be some refinements: Because

of the shorter rf structure of SPEAR II compared to SPEAR I, the time-of-flight

will be improved somewhat. This improfement is desirable because of the

increase in energy. Because of the increased energy, momentum measurements

are more difficult with SPEAR IT, and therefore we shall undertake to build an

additional track chamber inside the existing chambers to increase the sagitta cof

thg tracks and tc improve identification of KS gnd.A decays. We are presently

in the testing stage for some additional spark chambers not described in the

SP1 proposal. Thesge so-called "endecap" chambers extend the solid-angle coverage
_of the detector to o5 of kxt. Various changes have been made and are being planned

Fram oyl rstem ease the background rates.
e %Eg@g?gﬂg%%%%%eto the SPEAR vacuum system to decr g
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FIGURE CArTIONS

1. Existing qata on o . (e+e" -+ hadrons) as a function of s

2  Average charged multiplicity as a function of s
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