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I, Introduction

Electron~electron colliding beams were first propo
sed at Stanford by Barber, Gittelman, C0'Neill, Panofsky and
Richterél?. Two separate projects of electron~positron stora
ge rings arc presently under development in Frascati. The-
first project (called AdA, from the Italian "anello di accumu
mazione"), is alrcady at an advanced stage and it is intended
to obtain colliding bcams of electrons and positrons of
250 MeV (500 MeV total conter—of-mass energy)&gy. The sececnd
project (called Adone, which in Italian means "big AdA")
should produce beams of much higher energy, possibly up to
15 BeV (3 BeV total ¢

{

technically feasibie

m energy), if this will be shown to be

i
)
N

o
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The Stanford clectron—sclectron cclliding beam project
was mainly designed for the purposc of testing the validity
of quantum electrodynamics at small distances by accurate mea
surements of sleciron~electron scattering. Electron-positron
colliding beams seom. to offer a wider range of experimental

possibilities,
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In this paper T shall txry to present a summary of

L-—_l

the high energy physics programs comneccted with AdA and Adone,

and in gemeral with high emergy eclectron-positron storage rings,
I hope it will appear from such a summary how the realization of
electron—-positron storage rings would be relevant to seclve a lar
ge number of fundamental problems in elementary particle physies.

I shall summarize some of tho most important experi-

el
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©

mental possibili with electron-~positron colliding beams. We

t

shall mainly deal with the fellowing topies:

1) Possible tests of the validity of quantum electrodynamics;

2) Production of strong interacting particles and study of the
eloctromagnetic foxm-factors for time-like momentum transfer.

8) Investigations of possibie resonance and bound states,

4} Production of the suggested vector mesoms.

©

5) Study of some aspeets of weak interactioms.
6} Verification of the role of strong interacting partieles in
electrodynamics,

The points I shall discuss do not exhaust the field
of experimental investigation made possible by electron-positron
colliding beams. Furthermore, at a later stage of development
of high enorgy phyecies, scme mew problems may arise that may chan

e art the picture as prescnted I
I T
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II. Possible tests of the validity of guantum electrodynamics,

1. I shall be concerncd hsre with the reactions

7, @ - j/ b 5}/ (1)
el r et s gl (2)
e'% - J/;&’t* ’5“. /.!5& - ( 8 )

Cf these reactions the last one can be used to obtain infor—
mation on the muon structure. According to the conclusions of
the g~2 experimentgg} a possible radius of the muon must be
less than 0.4 fermi { 1 fermi = 10-19 em). Also, from the same
experiment, it is comcluded that gquantum electrodynamics is va-
1lid to distances ~ 0,7 fermi.

Highor order reactions such as

g+ =z — gt - 2‘" (4)

e’ g — rf**g"*df (5)
- " 7w -,

(i.? vy "e '-——-"'—::" f/:'l' '{;‘yﬁ(—:’» ) / {6)

may also be conveniently used to test gquantum electrodynanmics,
but their rates are smallor. It should oxplicitly be mentioned
that it is vexry hard to distinguish experimentally a particular
reaction from the corrosponding reaction with one more Y emit—
ted.
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Thus, for inastanecs, when meoasuring (1) a relevant
fraction of the total rate of (4) will alsec be included to-
gother with the rate of (1). This happens to be especially
true at high onergies, For imnstence, at high energy, the cross
section for (1) tends to concenirate all forward and backward
in the c.m. system and the same happens for reaction (4). A mea
surement of the gammas from (1) will also include most of the
gammas from (4), at least with the currently employed detectors
of limited energy resclution. In designing any accurate experi
ment (as needed for instance to test quantum electrodynamics)
the contribution to the number of counts that is due to the com
petitive reaction, with one more gamma emitted, should expliciw
tily be evaluated for the particular detection system that is
used in the experiment. This amount must be calculated together
with the modification to the lowest order cross—section formula
arising from the so~called radiative corrections, which is of the
same order in the eclectromagnetic coupling constant. All this
can be done almest exactly from known formulae of guantum elec—
trodynamics, and what is only reguired to know is the exact spe
cification of the deteoction apparatus (including angular and ener
gy resolution) for the particular exporiment. An example an how
such corrections are calculated can be found in references 4
and 6, It is geonorally possible to compute them with an error
less than 2%. As 2 matter of language, in the following, when
we shall refer to radiative corrections we shall intend all the

corrections to the lowest order cross ssction,
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{
‘here is a conventional way{7} to discuss the consg

guency of a bmakdewn of guantum electrodynamics by introducing

in the electrodynamic formulac suitable form factors, that can

o

be thought of as originating from modifications to the electron
vertex (smoothing of the charge distribution) or from modifica-—
tions to the photon propagator. We shall follow this habit in

the following in discussing the particular reactions.
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Thore are two graphs contributing to

¢}

{see fig. 1). The modif ectron vertex is denoted in fig,.1

};Jo
) C?-«

by a circle, and the modi

feta
]
o F“‘

electron propagator by a black rec

tangle. In the first graph the virtual electron provagates with
i P S

a four-momentum g1 = g ~ky, in the second graph with a momentum
qg = Py ~K9. (The definitions ¢f the momenta are indicated cn

the graphs). Both g3, and g, are spacelike four vectors: in the

C.Mm. System

.
Z RN & {7Z¢

A A {(7)
, 2 £

PP (1)

where E is the cnergy of one of the incident particles and & is
the production angle.

. The cross~scction formula in the relativistic limit

LT e
modified tcVfor a possible break-~down of quantum electrodynamics,
. . 4 .ff,_ }
is, for angle & >>{ =/,
. & ,-"7 o o é {5&
o £ /...- P ‘,;_73_‘{)’ /'%,2/5’«&; - ;‘/f/l:%;e;}/ydlféz {8)

—————— T 57 : -

A fingy ¢ 2 /E St

Vi ) 9
where 7, isYcloctron radius A is 24.94x10-25 cn ), e

is the electron mass, and F??df is a form factor depending on
o . y o 2
the transferred four-momentum sguared ., qz;i.e., aQy for the

first graph in fig, 1, and qgg for the second graph.
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As we have explained, 7 {97/ can be thought of as
4 2 D2 fA s . n .
a product JQ{} ) 7 (7°) whore Vo rg%) is a form factor in
a form factor in the e~-

the electron vertex and f%(;“) is

lectron propagator.
For  F /4%

f? {8) reduces to

P 2y S T 7 .
ATty ) L (9}

the usual formula for 2 y° annihilation in flight in the re-
P . o o < P Me p

lativistic limit. &7 (92} holds for & >>-2% . For # mear
oo

S , 2

e = 3 Ear iy 7

- o= ':” J? ‘?;:; zf} 5/.:’_’: IM,) ;) Frrie 44 2 5 ( 1@)
o~ Séut é o (.:Z,.«j /76".‘.\";'9*

K ey )

The total cross section; always in the relativistic limit, is

o (e iy AR T g EE /
O o= f'lfl'.t' 7 ,-} { ‘““'"*bw! i {’{v“ T3 ) {11)
ARG & ),:a' had

s—-section at various energies is repor—
3. All

The differential cross—
total cross~sccetion is given in fig.

ted in fig. 2. The

valid no breakdown,

if there is
of a breakdown we assume for

these graphs aro
To estimate the effect

445

’rr/;?z} a form

£
&
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With an cnergy E = 250 o7 and for « = 1 GeV, cor
responding to a distance of ©.2 fermi, one then expects, accor-
ding to (8), a relative decrease of the cross scction of 12%
at 909, of 7% at 60°, of 4% at 45°, and only of C0.7% at 30°,
Thus, already at 250 MeV, if one could carry on an experiment
at 600-90° that can distinguish a 7~10% ecffect, one can test
electrodynamics to distances ~ 0,2 fermi. As the whole effect
depends on E/R Ve, at least in this medel, on would also rou
ghly expect that a similar experiment at 500 MeV would test eleg
trodynamics to distances ~ 0.1 fermi.

The radiative cortections at 90° are roughly of the
same order as the effcets we arc discussing. For instance with
an isotropic (in e¢.m.) upper limit for the emergy of the addi-
tional photon of, say 5 MeV, ome finds at 90° a decrease of 14%
of the cross section at 250 MeV and of 20% at 500 MeV. These
figures will however be substantially changed when a more Trea-
listic, necessarily non-isotropic, upper limit will be consi-~

dered, as defined dircctly from the particular detection system

[0

s being ecarried out in Frascati for

- (8),

employed. Such computation i
particular specifications of the detection system!
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Wo shall next cancider the reaction

The Feynman graphs are reported in fig. 4. Here the white

rectangle denctes the modified photon propagalor. The tran—
in the first graph and

sferred four-momentum is .
& is time—

in the second graph: Fy
~like. In the c.m. Systen
P < s - g :2' ,if.

7; = f‘// £ d{{- 5 ( 13 }

e N

s space-—iike,

]

2 ,f'.ﬁf"'m':' (13'}

CD

where & 1is t
The eress section formul
F , to account for a possible

: the c.m. scattering angl
& o~
a in the relat ivistic

limit, with a form factor,

broak~down of guantum olectrodymamics, is, for finite an-
gles
Ie’l.“- - F o, v s
s i a ;a‘ﬁ: | — o
Ty T AR /;x/ = A &

ol i & ,7

K
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This time the form factor /F  can be thought of as
a product @“??, where ¥ 1s the form factor for the electron

~ .
and {k that for the photon

© kg

ropagator., Strictly speaking, the
form factor ¥ in this proc oss not need to be the same one
ccenrring in €%%e” —» 2} , since here both electrons are real

of them was virtual. Therefore they should

e e
strictly be considered as different guantities.

=
fade
ok
=
“y
I

1 one odrtains from (14) the well known Bha

bhe formula, Graphs of the differential cross section are given

i
£ &

in fig, 5 for different energies of the incident electron

in c.m.
To the purpose ¢f having same indicatiocn, we shall
cstimate the effoet of a breakdown by inserting in (14) a parti-

~

cular form of fﬁﬁ%

-

e can use the same form as in (12). Note that
the form factor appears in {14} taken at two different values,
one spacelike, one timelike, In fig., 6 we have reported the re~-
lative correction to the differontial cross section for g€ sere

as computed from (14) with a form factor of the form (12) for two

di iiereni values ¢f the breakdown parameter & . The value
CQ = C.1 f@iml corresponds to a cui-off energy “~ 2 GeV and the

value &’ = 0.8 f¢

(&2

rmi te an energy v 67C HMeV. The percentage

effect of the breskdown (reported in fig., 6) is computed with

respect to the cross—-scstion obtained from {14) by putting A= 1.
t

One sces from fig., 6 that an avvreociable effect of the order of

s

10% requires an energy larger than about 300 M@W'if 7 = 0.1
formi, or an energy larger than 100 MeV if & = 0.3 formi. With

our choice of (12) the break~down effect acts in the direction

of reducing the crossw-section,
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Tho mawimum, offect is expected to be visible, if it

o

exists of course, mainly avound 98¢, Note alsc that the form fag

72 R o ' I o . 5 et N
tor F74/) is less than 1 with our choice (12}, but Fix) is

; AR . - -
greater than 1, because K is time-like. However the net ef
feect rosults in a decrecase of the cross sectiocn, It should howg

ver be stresscd that all these considerations are complietely mg

del dependent. Furthermore radiative corrections must be compu

)
s
}»;la
o)
P
@
g

ted, once the deto: parstus has been designed.
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Finally we comsider the ¥

27+ 27 /é(i{/&'
The relevaunt Feynmen graph is reported in fig., 7. The black cizx
cle indicates the muon vertex. The transferred four-momentum is
£ = 2, * e and it is time--like. In the c.m, system

The cross—secticn formula is, always in the c.m. systen,

'7{'{\ < »; zw/ ; 7 203 ¥ 57 ; 3 < 3
— % O( /‘! \4'»7'11 fléw ;l""‘ A byﬁ,v/ ke E/‘: }wz’(‘ J,’T.‘,/Jf‘z// {]-SF

o foer 97

2

In (15} « = f/ii A is the roducod wavelength of the incoming
electron or p@sitromg !A%a is the velocity of the emitted muon,
and m is the muon mass. The form factor A~  appears as a
multiplicative factor in the form /Fe¥/ = /F(-4£%)/%

This form factor can be thought of as a product ﬁ%, Ve , 3} , of
the form faectors modifving the muon and electronm vertex and

@

The differeniial cross-section for €€ w44 in
¢.m. 18 reported in fig. 8. The angular dependence ¢f the crosg-
~section does mot depend on a possible break-down of electrodyna
mics or on a muon form iactor,

The total cross-sscction can be written as a function

of x = E/m. It is given by

b= 2080t L 5 ) / -3 }/’;:-/~45%;}// (16)
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A graph of the cross—section {16}, for F = 1 ver—
sus X = B/m can he found in fig., 9, On the same figure are ro—
ported, for purpose of comparison, the "perturbation theory"
cross sections for €% e 7 i, ¢hew phi , and ¢h k> k2K
also as functions of the dimension less parameter X =&/ whe
re M is the mass of the produced particle {OW‘=“ﬁg,”x/”vo and
e Tespectively).

As we have said a bresk--down can only be felt in the
total cross-—section, but not in the relative angular distribu-—
fion, With a form factor of the type (12) one expects a 10% re—
lative increase of the total cross—section already at an energy

-7
I A~ 300 MeV if X = 0.1 formi, or at an energy as small as

3

160 MeV if 4fi=@.3 fermi. The effect is in the direction of in-
creasing the cross—scction because of the timelike argument of
F , at leact in the realm of the simple model considered.
Radiative corrections are due mainly to the infrared
torms and to the photon emission by the incident electrons, main
1y along their directicn of flight. A precise estimate requires
a specification of the detcection apparatus. With a (very unrea—
listic) isotropic cut~off in e.m. for the maximum photon energy
of 5 MeV, one finds large corrections in the total cross section

of the order v 10% at 100 MoV, 20% at 30C MeT,
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II1T. Annihilation into strong interascting particles,

1. Annihilation into strong interacting particles is described

at lowest eclectromagnetic order {(order of e*

in the inten
sity), by the graph of fig. 10. The virtual photon four momen-
tum is €= 4, ~ Az  and it is timelike.

. 2 -
In the c.m. system A= -4 &

. One can show

from gauze invariance that the final particles produced accor—

ding to the graph in fig. 10, must be in a state of tetal angu-

lar momentum = 1 and total parity 7 =-1, Moreover the

charge conjugation quantum number for the final state must be
¢ =-1 and tho total isotopic spin 7 can be © or 1.

At the next cloetromagnetie order {order of e® } o
ne has to include terms of interfeorence between the lowest order
graph of fig. 10 and graphs with two virtual photons and also
terms giving the contribution from undetectabls bremsstrahlung pro-
cosses. Of all such terms, those originating from the interferon
ce between the lowest order graph and a graph in whiech twe pho-
tons are exchanged botween the clectron line and the final par-
ticles violate the selection rules that we have listed. It can
be easily seen however that in any experiment that trcats char-
gos symmetrically (such as a toial cross-section, or, for instan
ce, €7+ e — 77+ 7 at a dofinite angle, but without distingui-
shing the charges} such terms don't contribute. Therefore, for
such experiments we can safely apply, to the order €% in the pre

> ° ° PR - F 'T:o4u
babilities, the seloction rules, J=7, 7=-7, =1, 4
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We shall alsoc say, is this case, that the reaction
goes through the "one-photon channel”. In the following without
need of specification, all our considerations are limited to the
"one~photon channel®, and thus they are valid to the order of g4
for charge~symmetric experiments - - quite satisfactory for the

cxpected experimental accuracy.
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The pions produced in

AR -~ 7 /57/5&75 {17)
must be in a state with /- 7, Pe-df, C< - 4 , and /=1 for
#  even, 7= o for m odd, In particular they cannot

‘all be neutral. The cross—section for
e

e e e —=s T a F {18)
in c.m. is given by

&5 2
v ,—; /fﬁ JF () mint (19)

where, as before, ?T is the reduced wavelongth of the incoming
slectron, /Py is the velocity of the final pion and F#%) is the
pion eclectromagnetic form-factor.

The total cross-—soction is

e = ;;’;‘,/b’,'éﬁﬁ x /0 ?wy ;,""‘”} /F/ (290)

T

and for < =7 is reported in fig. 9, as a function of é?&gr.
dowever F?‘-4E%/ is almost certainly quite dif
forent from 1. With the resonant form proposed for F by Frazer
and Fulceglo)%he cross section at B = 230 MeV reaches a value
of o= 8.35 x 10~31 erm®, With the form proposed by Bowcock, Cot

(11) -

tingham, and Laurié at B = 330 Me7 it reaches a value 6" =

6, 6x10-31 cm? (in the first case 17 times larger than pertur—

bation theory, in the sccond case 33 times larger).
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75

In
tr e~ TR T e T
s A 7 7
the relative 7 ~ 7 angular momentum e , and the 7

e N
angular momentum relative to 7 -4 must satisfy l=/ = 1,3,5
etc, The cross-—section in c.m. is

C’(-:’Sv - o ;‘Ez 2 24 - - A
dmfafw, diersn) {’2)7/_)‘3 £4 /’/?’/ S ’g'j/i/o*’t/b—) (21)

whore &), @™ are tho cnergies of 7T, /;i ; /;i their momen
ta, 4 is the angle botween the normal to the production plane
and the incident electron dircction, and Hi#ds a form factor.

The form factors ~ (<. 77/ and # (652/) are es-

sential for the theory of nucleon structurs.
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Eq {19} applies to
gre & —n KT KT

e AP &7

provided 7 is the A-moson form factor. From C invariance
we find that the final amplitude for neutral K production must

be of the form

o, . J 2 ©
,/{{ £y - K, ;é/ (22)
] I
Thus no € 4, ° or 4°#4° pairs are produced. No

te that, as long as the £°, #4,°  propagate in vacuum, (22) con

serves its form at any time / the time dependences are

I D P P ; : e
k,o":’ ,{:,0@ A, # 2, )i s /g?*’éemﬁfgf”’?z)f

A where A are the inver-

P i

so decay times and s the masses of 4° and X _/.
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is of great theoretical interest because one measures through
- -5 e’ 2 N -
it the form faetor for /= )+ } . Moreover it may have a very

large peak if there is a vector meson {as for instance sugge-—

sted by Namhuuﬂ 'that decays into 70 ¥ . Its cross section in

C.H, is given by
Zimp)  mE T /f%r )/ - {;//) . | (23)

where f\gf is the 7% veloeity, cos % the production angle, 7

is the 7~ lifetime and & /~¢%) is the form factor of 7 s f+y
For difforent values of 4% this same form factor

appears in various phenomena. For £%=0 it determines the

rate of F’decay

/ 7 z
rrey VOV (24)

x4 . . .
For ~X°>9 (spacelike) if determines the rate of
the Primakoff offoct{18) { y— 77  in tho Coulomb field of a
nucleus). For -#7, < &< @ it gives the rate for Dalitz
» P Lo . 2 . s
pairs (7 > Yy *e"2e") | Fer 4 < -#; it determines the
J = 1 fiCa~pion resonancoes with T=1 or with T=0 would

¢
-hoth preducc peaks in G{kz} = G(»L;Ez} at the relevant E.
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The total cross section from (23) is {we take 7=
2.2x10716 s0¢)
-d + ; 1.3
& =275 x o g‘“’m«,“/ ;:/’:;)/ /;’ - m,(f 2/'5 {25)
with x = E/m;, . With 427 the eross section rises from zero
to the small constant value of 2,75x10 ~35 cmzi. However if thore
is a vector meson with 7/2¢ 7=/ decayng into 7 ¥ , as ropea—
tedly suggested, the cross section for e*e e > 7’4}y would have a
very sharp peak at a total c.m, energy equal to the mass /7 of
the vector meson. The measured cross—section would be the avera
ge ,
p 'T»;.j [HrbLE)
4’ (26)
s : 4E)

b=

x\;
IS
‘C‘b‘q\

if 4& is the experimental ecnergy resolution. If we use a
Breit~Wigner formula for & , assume MX 3m, and a resona-
ble branching ratic for decay of the vector meson into e”+¢7,

g .
of the order of 107°, we find

- .2
—zx/ 7 ), e
& o= A3/ 5';*:7;* Haid 7 (27}

~ . . s - 20
where / is the decay ratc of the vector meson. With /T~ 10

soc~l wo find 6 = C.8.x 10729 (24€ in MGV}"}' cm> {a value
about 10° times bigger than "perturbation theoxy" for AF ~

o~ AT ,/Af(; Ve
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Independently of the existence of the hypothetical
vector meson, the generally.acccpted 72 7, T= pion-pion re-
sonance would produce a peak in the cross section, With the Fra
zer-Fulco parametersum the peak would be around E = 240 MeV,
with a maximum cross~section of the order of @.4&3{10"33 cmg.
With the Bowcockw-Cottingham-Laurié parame‘tersuu the peak
would be arcund E = 34C MeV and the maximum cross—scction of the
order C.8x1C~33 cml,

A more rofined theory can be given where both roso—
nances { 7=° and 7+7 ) are considered H@), but it will
not be reported here.

In measuring ¢%#¢ 7 *¢ one has to discriminate aga
inst ¢7<<¢ = j2y+ & . This should be possible on account of
the different angular distributions.

The reaction e¥+¢ —» < = €7+ 7% has a large
cross—section 7 2.2x1@“35 emé £/ if one takes a value

of T = 2,2x10-16 goc for the 7 ° 1lifetime.
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5. The cases cxamined above of'b§§gg§fects produced by J= 7
picon-pion resonance aro particulaf?gf a more general situation.
It can be shown(lzp by an application of charge conjugation and
angular momentum selection rules, and by estimates of the order
of magnitudes, that et - &~ collisions will in geoneral be very
sensitive to intermediate resomant states with J=7, ¢=-1 .
{and of course, with zerc nucleonic number and zeroc strangeness),
Resonanceswith other quantum numbers will generally escape de—

tection,
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6., €T 7 {baryon) + (anti~baryon)(12)

The £inal baryons

- - . — —
-+ — RN o

€ £ Py, HER
— A A
—_— > g
A
—n g T Py

are produced in 33, and 29, . Therefore near threshold

€ is isotropic and proportional to the final /2 , The diffe-

rential cross section in c.nm. is

d€ / / s 2y 7z
= M ,-’? ’ / + }Z ': ;‘(:l-',, -~
g;{/(ﬂg} o( z[x / / /’Q !//}/ m#)
(28)
/ = £ (4] + —~—,4m/,ej/gu'2¢zj
where: /7 is the baryon mass; 73 (%)  and A (#%) are ana

lytic continuations of the electric and magnetic form factors
of the baryon for A<= 4 .l i % is the static ancmalous ma
gnetic moment ¢f the baryon. The normalization is e Z,l9) =
charge of the baryvon, Folo) = o .

-

With 7 =7, 7z =0

6 = w27 x!’.a"gﬁwf/;?‘i /7“)‘,,/ //»‘ zf‘lz (29)

!

with # in BeV and x = E/m. For ﬁfﬁé“~°/0*/b this " perturba-—
tion theory" cross section is reported in fig. 9. The value (29)
may serve as an 1ndvcau1on in the lack of anything better, but
it might very W@livkompletely different from the actual cross-

-seetion,
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5 . e 2 2. P 5
In tho rogicn 45 SEL G » where the form fag
tors are explored through {28), they are gonerally complex. This
leads to the oxistence of a polarization 22/ of the produced

baryon along the normal to the produvcticn plane given b
i i ]

Tiag Pl < - ZiAiE T, JEEIE )] i 28) (30)

For the antibaryon the polarization is cpposite,

°

A diffsront reaction is
64* P """""?’zg?""/}v . /,I4~._;» « F

It procecds to 35 and 2, for velativel-4 parity even { &~
proportional to /5 and isotropicj; to £, and 44 for parity
%3

odd | €~  proportiomal to 4 and with a cos‘d term).

is thereforc very sensitive to ths rslative &-A4 parity.
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IV, Annihilation into pairs erveotor mesons, Weak interactions.

1. Vector mesons have been proposed in the theory of strong
interactions, from a principle of "localized gauge invariance“,m)
and also in the thoory of weak interactions to act as intermedia
ty agents of the weak couplings(w). Pairs of vector mesons can

be produced according to
€7 e —> B8+ 4

where & is the vector meson.

From the selection rules of seection III-1 one finds
that the possible final states are 74 , 54 and 54, . Thus
near threshold one expects a /5' dependence {ﬂ " :zvelocity the
of the &  meson in c.m.).

For theo differential cross—section in c.m. one can
write

£g 7

5 f 2 . | '
By 7Y (G0 664,069 i)

+ b/ 2/ 59 vz ) i ) )%+ (31)
* /‘4’;//{/2) "2(%);52/42//_242

/
where 5,, % and é*'_,, are form factors, and 4»¢ and Z ¢ are
the possible static anomalous magnetic moment and quadrupole

moment of & , The normalization is € 4, /o/ = charge of .

and 6}/7}-? Gy l0) =1
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With £ =7 and &, :4,° 2 the total cross-section

3
ot ern s ) 2O0-A)ER) o
with 3 in BeV and A <= &/my

Graphs (82) for varicus values of +%z; are reported
in fig. 11. In figures 12, 12 and 14 arc reported graphs of the
total cross~secticons, as obtained from {81) for constant form
factors and with inclusion of anomalous magnetic dipole or elec
tric quadrupcle moments. Ono sees that electron~positron colli-
sions are a very effective mean for producing possible unstable
vector mesons. The angular dependences of the cross-section are
illustrated in the figures 15, 16, 17 and 18.

Mne sees from the figures that both the total cross
sections and the differential eross-~sccitions are generally very
sonsitive to anomalous moments.

Also, when 4 decays, the decay products will exhi
bit specific angular distributions reminiscent of the polariza-—
tion state of & ({since A has spin one, even simple alignment
produces anisotropic distributions of the seocondaries). These

ributions have been caleculated but will not be discussed ho—

dist
P
re{lu)

.
The oross section {(32) violates unitarity at high e—
{162
nergy. One can show!16] that, for tho one photon channel that we
are discussing, unitarity puts an upper limit of
3 4z
T ix

to the total reactions cross~section at energy & = /ﬁ’ .



27,

*8e 0ross section (22) instead tonds to the constant
value of 77 2{2’1;{1@_32 en?) a1’ large E. If anomalous moments
are Kept, with comstant form factors, the ¢ross section even
increases with ensrgy. However with {32} the violation of uni-
tarity only ocecurs at energies of the order of 102 Mg {or

X = 1@2}. Sc one can hope that for small X  the cross—sections
given above are still valid,
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2. The considorationsof the last ssction apply in particular
to the production of the semi-woeak interacting vector mesons,
proposed for the theory of weak interactions, Note that the

production of such mesons from eb ¢” collisions is perhaps one
of the best ways one can think of for producing vector mesons.
In fact any process with competive strong interactions would

o

mask under a big background the production of semi-weak vector

mesons {necessarily of clectromagnetic or of semiweak strength).
For the rest, weak intoractions are not expected to

e

play a significant role in clectron-positron collisions, at least

"

up to encrgies of tho order of 30 BeV., At such cnergies weak in

teractions could be felt through their interforence with electro
magnetic interactions and ocnc could find for instance a longitu-

£

e
dinal polarization of the muons produced in €*+¢ —» AT » &7

Jode
i
[<s

here are weak ncutral lepton currents, etc.).

A semiweak~interacting necutral vector mescn 8° can—
not be coupled to leptons if it is alsc coupled to the weak neu—
tral strangenessw—conscrving current, If &£° cexists and it is
coupled to leptons cne would have a resonant contribution
form

gt ee” — gaM/QJ¢/A_‘
Such a contribution might be very big indeed. With

reasonable values of the paramoters one could well have a con-

o
=N

ribution from the resonance about three times bigger than the
¢

pa
- e P - i -
electromagnetic cross—section for £7+e = A * s,



Ve Possibility of mosasuring the rwole of viritual strong interace

ting particles in elcoctromagnetic intoractions,

Any experimental investigation about the limits of

u’.)

validity of qvaﬁtuw aloctrodynamics will eventually run into the
difficulty of having to deal with e¢ffocts of the same order as
the effects originating from virtual strong interacting parti-
cles. Thesc last cficcts must certainly exist and because of

o

the present difficulties in treating weak interactions their
exact evaluation will probably remain uncertain,

Bffects from virtual strong interactions are still
unimportant at encrgies & of a fow Imndreds of a MeV where they
can change the cross-scetion cnly by some percent., However at hi
gher energies thoy will become important. It is then relevant

to note that direet measurements of the production of stronmg in-
teracting partiecles in clectron~pesitron collisions can be direc
tly related to the guantitics that cxpress the effect of virtual

strong interactin

q
*Cﬁ
h
('I
pa.
}x.:
O

on the electrodynamic parameters.

5

%

Thus, the modification to the photon propagatcr can be expres-—
sed by a cortain function, 7 (4% , known to the electrodynami
cists, and which is additive with respect to the contribution
from the varicus virtual states. There is thus a part of Tixc)
call it T (% %) , which comes, for instance, from the pre
sence of virtual pions. Now, oune can showaé) that (excluding

3,

higher order cerrcciions)

Fig b7 (€)

where ﬁ;(f) is tho (dircectly measurablc) total cross scction

for producticn of pions in eleciron positron collisions at a cen~
tor of mass energy & for incoming electron. The same holds for

gy
the other comtributiocns {from A -mesons, ctel.
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X

VI. Conclusions,

It is apparent from the variety of applicatioms to
problems of fundamental importance in clementary particle phy-
sics that high enecrgy cclliding beams of electrons and posi—
trons deserve an intensive study and no effort should be spa-
red in my opinion in view of their rcalization. Electron~pcsi-
tron colliding beams would permit a noew, poweriful, and dircet
approach to the solution of icng-standing problem cf high ener-
gy physics, and a concentration of efforts 1o produce such beams

would bo highly desirable.
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Difforential eross—scetion in e.m, for &g - J’*‘f’ at
10, 50, 1CC and 100C HMeV. incident electrecn cnergy on a
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Total cross~section for <7+ & —7 253/ cn a logarithmic
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Foynman graphs for €7 +¢ —» £ +& , The modi ificd electron

T,

vertex is roprescnted by a cirelos and the modified photon
lc. The momentum ‘transfer is

propagator by a xoctan
7 ﬁ: - /2, in the first graphk and :4V=,ﬁy + o, in the

socond graph: ¢, is space-liko, A is timelike,

Difforential cross-soction for ¢t + ot — ot + ¢~ at N

rious enorgios of the incident electrom in c.m. on a lo-
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garithmic scale. No radiative corrcctiomns are included,
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