


. Durlng the last two years a. .large number of papers
have been publlshed on the subgect of electromagnetlc 1nteractlons.

These were malnly devoted to clarlfylnb and developlng old -deasgi

tr Thls perlod was marked by great experlmental nrogrecs.“y_"
I shall mentlon only the theoretlcal reports dlrectly connected
n f‘w1th experlmental work partlcularly 1n the flelds whlch have been

'fmost fully represented at thls conference./.

Electronagnetlc 1nteract10ns are usﬁally put under a
separate heedlng,‘and noreover)srnce ‘the last conference there
‘have beenetherBoston'and Stanfordfconferences, which were entlrely
devoteditolhiéh,energy electromegnetic interactione, bThere gré,'
'importent reasahs”rér this seperation. On the other hand, the
“relatlon between electromagnetlc’1nteract10ns and hlgh energy

E phys1cs as a whole should be borne in mlnd The succesues and‘

‘errors of’electromagnetlc theory exactly reflect the developments“e"'
' taklng plece 1n the theory of elementary purtlcles. Let us take
as an example the method of complex angular momentum, which
:reached¢a;cllmax;at,the tlme of_the lastfconference,f Thls was
'fairly ‘c;leeﬂ&'refl‘ected ‘in"’kfthe ';,}theoryof electromagnvetic inter-

actions.
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the - complex angular momentum method in he theory=of electro—_ :

,‘phy31cs 1s the successqu

:fon the ba51s of the SU3 gr‘up.
conclu51ons, whlch open the way towa rellable checklng of 1ts

‘at entlon;”

At the last conference, a series of interesting =

experimental set-ups was formulated in connection with this

method. One of the mostvpressing?questions poséd in this”resﬁéct i

was that concerning the "Reggization“‘offthe photbn.

‘The experlmental data from electron proton scatter1ng ”:“Vh

showed that the slone of the photon tragectorj is in. any case

much smgller than that of the vacuum traJectory.

"The fate of the other exper1menta1 ’als<b39éa?oh;

magnetlsm largely coln01des w1th that srm}lar“proposals in

the strong 1nteract10n theory{

One of the most oututandlng achlevements of hlgh energy L

c1a351flcat on: of'strong 1nteractlons

\ he exten51on of thlS gymmetry;hfwt'

to electromagnetlc 1nteract10ns Teads to a serles of 1nterest1ng

valldlty. Thlsvlsrone ofgthe questlons deserv1ng ‘the most ‘

Theoretlcal analyulo of electromagnetic 1nteract10ns

perturbatlon theory, disper31on <5;;,[ri.

qjy~re1at10ns,‘r SOnance and pole approx1matlono., Moreover,olp‘%'glﬁg.“




is“very. characterlstlc of electromavnetlc 1nteract10ns that the

o . . }'a')
main source’ of 1nformat10n on 1soscalar parts ofAe - N and y - N
‘1nteract10n anplltude51s the study of reactlons on. bound systemsrv

(malnly on deutons)

In th1° connectlon, work devoted to the 1mprovement

- of the 1mnulse approximation is very much in evidence.

:InumostjcaseSé*the aim of theSe investigatiOns is to
determine:thehinteraction cOnstants andhotherhcharacterietics of
particleeiand resonances. Data about these characterlstlcs may

‘create a’ llnk (1f only in the resonance approx1matlon for the

i present)gbetween phenomena whlch‘have S0 far been‘regarded as'

i separate.: Classiflcatlon of these data w111 help us uO understand i
'the symmetrles ex1st1ng in nature,‘and in partlcular to check SU

. symmetry."

'This aim constltutes a strong llnk between research g
on- electron SCatterlng and meson photoproductlon and, to a certaln
“extenty electrodynamlcs in the reglon of hlgh momentum transfero.'

Thls report is devoted to these subgects. o

1. Unitary Symmetry
‘\'\
The exten51on of unltary symmetry to elecuromagneulc

'1nteractlons (Coleman Gla how and Cablbbo Gatto) / is Dased on



the fact that the electromagnetic current transforms in the sane
way as a tensor operator, associated with a regular representa-
tion of»SUs\groups. In other words, the electromagnetic inter-

action removes the degeneracy in SU3 symmetTy, - In/particularg’

it breaks isotopic symmetry,,whiCh is part offSUS,symmetry.

Howover, the eleotromagnétic_interaotion‘doesﬁoot
break a cerfarn SU2 sub-group ofirhe SU5 group,:which forms~’
V-spin symmetry quite similar toriéoSPin_symmetry.; The V-spin
aﬁd the;eloctrio chérge1£ormua,séﬁ:whichlis:exéctly-similar:to

the isospinfhyperoharge.set-
' The two sub-groups are mathematically equivalent.

o the 1sosp1n multlplets for a glven hyoercharge in
the second sub group correspond V-spln multlplets for a glven

1electr1c charge in the flrst sub—group._

» Systematlc study of thlS correopondence carrled out by
Levih bﬁ;yrlpklﬁ AAA‘Me hkov/z/ and also Iacfarlane andﬂSudarshan/s/;,
showed a 31mple waj of obtalnlnv relations depending oﬁ‘ohe oymmotrjy
of the first sub c'roup from the relatlons of the second sub group.
The conservatlon of V- spln glveg relutlono whlch are va alid ‘to ;;;\\\\\
order in e /hC Matrlx elemcnts, to- firgt or der~1n e /hC (one—, o S\
‘photon rertice ‘and procegoeo), are governed by relatlono_,;ﬁ,?;'

‘vhlch are exactly s1milar to the Okubo Gell Mann flrst order
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formuln Matrlx elements of the secord order (mass spllttlng,
2 -photon proces es) are governed‘by the!second o:dep Okubo =

formula_';i;e

Examples of relaulons between matrlx elements, nevlectlng

‘."seml-strong" SUB-breahlng 1nteract10n° ':
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B d) Relatlons between electromagnetlc splltU of baryon S

multlplets

aneE)- é‘fv/:’/ é‘f%-J Wféf)x«ffﬂp) ff"f/») o

Thc forblddenness of certaln electromsgnetlc processes
lq‘Of partlcular 1nterest for 1nstance>

% ‘ g ":y*f;‘hv

- 51. — 2 + r S s Bay

, or the v —ﬁ X ‘trans1tlon,‘where V 1s a unltary-31nglet vector

meson, the latter forblddenness 1s partlcularly 1nterest1ng from,,ff

the p01nt of v1ew of the study of the tp CO m*x1ng.,

Great poss1b111t1es ﬁﬂ'studylng unltary symmetry on - the*"w

%?g ba31s of 1ts extens1on to magnetlc 1nteract10n° were p01nted out

kS Ayesterday 1n the excellent report by Professor Salam, especlally :;;,7

h1.1n connectlon w1th the "trlallty" quantum number.v:lﬂof;;f’

However, the real relat1ons are greatly compllcated by '

vthe”seml strong"{ 1nteractlon whlch breaks the V—sp1n symmetry
AandApartlculaer the above-mentloned relatlons,

Thus, when calculatlng the w1dth of 1&-—923’ the
con31derable dlfference between the mass of the n end~q;-mesonf>‘

‘should be taken 1nto account.f,<1ﬂi'
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As a result the llfetlme of the % ;meeon‘ie*found’to’BeL2;4xiOf}8sec; 

‘i.e; two orders of magnltude reos than the llfetlme o; the 1 meson.'

., Calcuiatlons of Y/mreson photoproductlon in the nucleon_
l‘efleld of nucle1 (Belleulnl et al )/4/ and in the reactlon
’e+ +. e ——> Q Y (Ce1e5h1n1 and Gatuo)/s/ show that thege effects:;bv
are very dlfflcult to measure, but it 1s 1nterest1ng to evaluate |
even 3‘1owerzllmrtnonnthe'lrfetrme. ‘Mult}Pletumass-correct;onscjj»ﬁi:

' Wili‘aleovaffectjthe relationsbetween'the‘form'factore.

In addltlon to the ma correetione, it should also be
‘taken 1nto account that the phy31cal partlc‘e states 1nclude a
mlxture of pure states (due o the symmetry breaking 1nteract10n)

and that the relatlons may take a more complet form. S

Okubo has shown that even 1f uhe SJmmetry breaklng
1nteract10n 1s taken 1nto account certaln relatlons still

per51st, for example 1nstead of (d) we have.

# I3 ‘*”""f)*?’/wﬂ <<f _-;fM f>w--<;/w>fﬂ

i

: and 1nstead of (m)

| (‘Ll(f@/\\ = _.__[(U(Zj-e—.i[d{/&) Z(Q["“) Qﬂ(n)j




T mass spllttlng ha0 led many physlclsts to endeavour to estlmate

Athe separate mass dlfferences from dynamlc approeches.V:)

2. Interaction of electrons with nucleons

As is known, the electron nacleon 1nteract10n 1s
satlsfactorlly descrlbed by the dlagram glven below more

-accurately thanA}s at: present poss1ble to test by experlment..

Son The trans1t10n amplltude is. then expressed by two

L'relat1v1st1callj 1nvar1ant parameters, ‘the Dlrac form factor

The suocessful use: of these formulae for eTGctromagnetlc

F, (q ) and tbe Paull form factor F (q ) (q vlS the square of 'an

'~the four dlmens1onal momentum transfer) _{

Geliyi o i R(0) S0 )
n?;_4%*)ff°r protons. . T -~ ) for neutrons’

;41'(0) 

o

n

FZ(O)

. Linear combinations Fl‘and F2 are more convenient for

the analysis of cross~-sections: . =



- M~ is the nucleon mass

| 8 0. : R : E s ma9 L
S Inrprelt@; system)these form: factors &Eﬁ:mﬁm~m$ﬂ represent

B the space dlstrlbutlons of the charge and the magnetlc moment. -This

interpretatidn,,however,'meets,with some opPOSitionééJ;"

tThe‘spece—like reeion of q (q } O) corresponds to the '
'scatterlng of electrons .on nucleong, wnlch is descr*bed by the well— '

known Rosenbluth formula;~»

 The region q2 < <4 szeeerresponds to the annihilation
channel “??+-p-<>e+ + eé;e:the,crqss seetion is described by the

formula(7)

r._, i . - SR . e P T . o E . Lol ‘

| ds '%‘gﬁ';{' | ['3 PRI 7
T A [l [ (&%) - 25 52
d&n‘) Vr,(fF)“Eéf?;-’/e;? l@“*‘l | > ) g9° / 5! |

‘where‘Q is- the angle in the centre of, mass uystem and E the total

' energy of the proton




The form factors are real functlons for q2 > - 4 uz

(where " 1sithe mass Tof the meﬁon) and are complex for q <f 4 p
Thus in"the'region q2 } O the measuremen of the dllferentlal

cross section for e - ) scatterlng glves complete 1nformation‘

2

'concernlng G* and G whereas 1n the revion q .< - 4 M polarl-’

E 1&7',

# gation experlnents are necessary in: order to determine complete1J

the complex form factors G and G The polarlsatlonrexperlments

E M
were discussed by Zlchlchl et al./j/

-~ At this COnference,-Bilenkij and'Ryndin/9/ presented a

fairly full analysis of‘possible polarisationtexperiments*for

PH+p—oe +e .
5 ' ~For the‘sake ofhsimplicity;~we have’onlyvmentioned the
i 5 +-p ~¢e+ +‘ef'proce ss but the p ot p—»;; + p process w111 also
take place and the ratlo of the cross sectlon for these processes ,4
‘w1ll be.f1 : ,
T(pp—>u . ) /°"T(pp—->e e ) 1 + o (—E)
The measurement of this ratlo is. a: way of checklng the electro-

dynamlcs of thc p meson..

= What conclu51ons can be drawn from experlmental data on

,the dlfferentlal cross sections of,e -'p scatterlng T

The valldlty of formula (1) can. be checked, namely a

depehdence of,thekcross section of the form j; do - = A Btgz‘g.“
SR Sl e , G, da 12



Wlthln tbe llmlts cf‘ex1st1ng emperlmental eccuracy L
this cnecklncr vould not Jleld much 1nformat10n. Flrstly, uhese
results are\only the corsequence of the smallness of é// and |
of +he corresuondlng smallness of radlatlve correctlons
Secondly, the dependence hav1ng the form A+ Bér £ arises nOthjkkjﬁw
only. as the result of the dlagram shown in Flg.{l.i Correctlons h
of whe-second order are rcther dlfflcul* to evaluate,‘due to;;
strong 1nteract10n effects Partlcular ettentlon shonld be pald

i SR vt iy,

o‘"two photon terms",‘name y those of the type -

shown in Flg. 2.‘,1-‘1"{i SRR R

. ,'The‘shsded,Section may include As
meson-nucleon and meson-meson

gvresonancesiyincreasing the psrt
playedrbj two;ﬁhoton,terms., After

haﬁing‘taken'into .account the effects -

. of the TN system resonances,‘lt wasxl'
j'found/lo/that the correctlons to o
the formula werelwithlnﬂ§{l%,vand that the polarlsatlon of the l,

i reCoil'protons‘ﬁas <:‘O.3%;f:

The effect of meson resonances may be considered in the

llght of the paper by Gourdln and Martin/ll/.

Let us con51der the orlgln of *he\depenaence A + Btg29

Hccordlngly let us note the relatlon between the angles 9
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(reactlon angle for the annlhllatlon channel in the cq' re of mass .

g

Cead o,k (1w k2 )
o  Leg?/a RaE
The angular.distributicn inhthehannihilation channel‘fcf'cne—

photon exchenge is:
2 IS T LR S s S T

a(g®) + v(q") Cos™ 6, - o (4)

which, by the use of (3), leads to the form

e : SRR R ‘anct ‘ ”_A“ e |
- ctgz [jA(q Y+ B(q ) tg 2 ;] ‘ for the scattering
;tcarj‘ - ”&T:H¢WFI “1 7:1 ' ‘reactlonfkds‘m
The expllClu form (4) is due only to the fact that
‘the reactlon in' the annlhllatlon channel occurs through the
kstate J i;ﬁ?”;a—ii Thus the dependence (A + B tg 5) is the
result of more general as0umpt10ns *han thoge made when der1v1ng
formula (1), Thls dependence d; nct V1clated by’any raddatlve -
, cornectlons whlch do not modlfy’the one- photon nature of ‘the
exchange. The dependence A B tng%v is also valld‘fcr_scatter;
ing on a eysuem w1th;anY‘$p1n,and evéhafof inelaetichpreceeeee,t:
for instance{therprccessre.+ da<§hp ¥Tn‘+<éf. If ‘the two photon
terms are due. to a plon reeonance w1th other values of J and P %e dh

Rosenbluthaﬂ_formula may'need correculon;’5‘“ s



Analj e w1l1 show that only resonahc es w1tn~ Jp

equal to 1 ‘and 2 (excludlng solos aoove 2) can glve‘an l
'appr801able aev1ut10n fr01 the Rosenbluth formula.o The deviation‘k
w1ll be malnly observed at small Qs f“hi‘ If the resonance has

a mass of l BeV and a couollng con ant of All then for q = 30 F

" the dev1at10n will be of the order of 10 % (evaluated by Flamm

.and Kummer;zj;wl

Tnus, the verlflcatlon of formula (l) for'omall angles
and hlgh ener ies may reveal the two photon contrlbutlon, although
thls.veriflcatlon-l not effectlve for certaln types of two- Photon

contributions.

: el e T Q? L
"The‘most effective methods:of evaluating two-photon

“.contributions are:

'l«(a)’\Measuremeht‘of‘thejdifference between (ef ~'p) énd (é* - p)

scatterlng cross sectlons‘- the 1nterference of Aone photon and -

‘n two- photon terms in these cases 1s of the oppos1te 31gn. Thls

measuroment w1ll give an estlmate oP the real part of two photon

amplltude;

(b} The measurement of the polériéation of reooil nucleons
will: make 1u p0331ble to‘evalueue the 1mag1nary part of two photon
anplltude.l Two- photoh amplltude has a. complex spln struoture lf_
and,~pf course,_ls no longer desorloeg,by tVquelat1V;Stlc4f

1nvar1ant parameter .
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© Porn Factcrs

So far there has been no reasou to doubt that radlatlve

correctlons fall out51de the llmlts of accuracy of the eyperlmcnt

Hhat : ,
andAthe measurement of Eﬁf glves unformatlon concernlng GE

’What does thls 1n¢ormat10n tell us 7 v

and G

bThe;values GE(qgj,anduéH(gz)jfound:inkthe exferiment on,k
. e-p‘scatteriué;ere rapidly‘cec:easing functicns of>'q2 :  of
vepec;allinte:est in this connectiou are the recent eiperiments
‘invciving the meximum values of ;q? so far obtained, which show

that when g%~ 100 F7° the. form factors fall as -% and that -

. , St .4
'thebrelation g-[tm L/G ‘1; 1°»uot cont+ad1ctory to etperlmental

‘data. These results were predlcted by Sachs/ 3/ on the baois of

the condltlons‘

[im 64(a° ) - z( )Q, | /m GM(q ) < zgs‘)Q; f i 5

qz——??" = A q2——>0"

s) = S L S ‘
where Zé') = Z§ ) are renormalization constants of the wave
function and the vertex part. Index s refers to strong inter-

actions. - Q 1is the physical charge of the nucleon.

The relations (5) mai be obtalned as a result of the
)

asymptotic conditions of Kgllen, who discussed quantum electro~

dynamics. The validity vathe'asymptoticeconditions (5) for

M



sy

Dirac and»Pauli,formwfactors;meens that:

1im F (o?) ;‘Zgé),Q‘,’, lin ¢?F (a%) =0 ()

oo , T N
‘thovunov et al /15/ on”thesbasis of'the general

k;ﬁrlnCIPleS of quantum fleld theory and also the analytlclty of
the G(q ), whlch has been proved in perturbatlon theory,'showed
tthat the 11m1t1ng values of *he form factors when q2 > eo gnd -
q2_+ - o0 must~c01nc1de.; Slnce, when q >C) G(q ) are real then“"v

when o25—9-°°the 1mag1nary part of the form factor must vanlsh

Comuarlson of form factors obtalned in reactlons
P+p—we +e ande + p’—9 e"+ p‘ for hlgh values of q2 may
be used‘to checkkfield theory'and;_in a»srmllar way, Pomeranchuk‘s
h', theorem“onkthe egualitytof;totalacross sectionstoffésrticleoend‘-fV'

antiparticle interactibn;;:fi"'"

Apparently, 1t w111 soon/ / be possihle to,compare
= G(q ) with ¢(-q ) at hlgh values of,'q2 and to know to what

extent the values of q2 reached can\be considered asymptotic.

Thus the investigation of form factors at high values
of'qz'is of primary importance, going far beyond the aim mentioned
v ! N A\ ) N

at the beginning of the report. With this in view, many attempts

have been made to'determine‘the interaction constants gvy‘ and
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T ngN . of ‘vector particles on the_basia of form

factor data.

After‘the pioneering work of Frazer. and Fulco, who‘
propo sed an explanatlon of the iso- vector nucleon form factor‘
by the resonant nﬁ~1nteract10n 1n a D-state, 1t became’a trudltloﬁ
to anaiyﬂe experlmental data on'form factorg on the ba31s ofk
resonance formulae. A ewmple approx1mat1on of form factors baoed on-
.Clementel and V‘ﬂl aoes not uatlsfy the condltlon that form

\

factors should fall as ;% at hlgh values of,;qz. kMoreover, the ;““"
q L

cond"tlons (6) together w1th the requlremenu for the analyt1c1ty

of form factors 1eadg to the sun ruWe o  u‘, ! ' ? | . b

Cap®

The assumption that form factors are described by pion resonances:

means that:akl

j= 1

where i'=7s5v5 represent isoscalar and isovector form factors

respéctiﬁely.
By 1ncorporat1ng (8) 1n (7), we flnd that N ;}

<+

i,e, 2% least 2 resonances are necessary for each form factor

with opposite s1gns for Eij' Even,before these considerations arose
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Balachandran et al«/lj/ and‘several other,authors‘considered it

14

and B, j‘oJ':‘ opp051te sign fo; the jD—meson pole“with a mass in

necessary'to‘introduce an'additibnal~polevwith the 'sign E. .,

the 1200 MeV'revlon. The comblnatlon of these two poles 1m1tates
the expresolon ‘of Clementel and V1111 w1th Tfef<<mf - .This-

l‘dlfference in the masses glves rise to certaln dﬂfflcultleg.

. The twerolekmodel,iSVunsétisfaCtory for various
reasons. In particular this model. implies an-explicit form for

thetspéctral functiontin‘the-dispersion relation:

a1 %
Gi(",) =7 %—?—_—); dt' + G(-e2).
' &0 ) e i

k‘However,‘following the etample of Levinger and Pelerls/ 8/
it 1° posolble to attempt to construct g(t) from the value of G(t)

~found by experlment or at least to come: to" certaln conclu ions
about g(t) without us ng deflnlue‘models;' The idea. of~thls method
is not new and cons1st° ofrtraﬂ rmlng the t- plane into a c1rcle
_.of unit radlus. The funct;on o? the new variable is expanded in

a power“series and the expan51on coefflclengs erekused‘for extra-
polatlon into the time- llke Leglon. tA series of addltlonal |
condltlons may be used. The result of this work ShOWa that the
gpectral function'for the proton;ferm factor hes a . maximum when

t is near t% and beeomes eegetite for»high.valﬁesrof ‘t; This
work also shows thet itvisuﬁecessary to introduce'eompiementaiy

poles.‘
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The concrete results on the gVY and gVNN coupllng
constants extracted from the data on forn factors should be
cons1dered as‘prellmlnary, since all tbese results are based
on partlcularfmoaels. Moreover it 1s not at present known how
uany vector mesons exist»and how many of;them_can takeypart.ln

the process.

Furthermore,kas shown by Ball and Wang/lg/,ithe
approximation (8), which of.course does‘not'takecinto account

the width of the resonances,‘may lead to considerableferrors;

Scatterlng of electrons on deuterons
i
o In order to obtain‘a:complete oicture of the e-N

llnteractron, it is necessary to,lnvestigateithe electromagnetic
1nteract10nsvof the s1mplestvtuo—nucleon and three-nucleon bound
systems. ;Thevstudy of such interaotlons encountersfdifficulties
' of pr1nc1ple, due to the abuence”of a olutlonkof thc relativistic
bound state problem. The best that can oe done‘ls to examlne

the "feu—nucleonj systen in the non- relatlrlst*c'approy1matlon
and Oﬁ‘the ba51s of approllnat’ons whose conslstency and accuracy
are dlfflcult to establlsh. Recently, attentlon‘has been centred
.on the elastlc scattcrlng of elecbrons on deuterons A/It is

: S , S : :

falrly r'1mple to establlsh relat1v1st1c pa*ameters de clibing

the amplltude for the elastlc scatterlnb of electrons on d/20/



It is expresged in terms of three relatlﬁlstlcally invar’ant
functlons of momentuﬁ tranufer.l F (q ), the cnarge form factor,i EH'
F (q ) the quadrupole electrlc factor and (q ) the magnetlc

' dlpqle,faqto+,p The crossrséc: e for the reactlon e + d._ve' + d'

:AH’hésvfhegfqrngg/;
" 5 ’a‘mgté[m )+ 3’ ) 28] 5
e < ) 5 fa : <q2> . —fuwa) FM<q >,~,"B'= $n0+p) B(P),
: wheré;pgw,z,q2/4M§~.

has bew

«! ~ 8o far. the approach w** asg strlct as in. the case of
e-p scatterlng. In:order‘tq establlsh‘thekconnectionabetween o

deuteron and‘nucleon’form‘factors; recourse -must be!taken to the

v.1mpulse appromlmatlon characterlzed by the follow*nﬁ dla ram.lff

q- k- k

Fig. 3

The deuteron form facuors are expressed by nucleon form

factors multlplled by functlons of the follow1ng type°'
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U(e) = | vi(@ip &) aw ,
e e > S
where Un'is/the“deuteron wave fuaction and =

iy the spherical Bessel functian.

When using form factors foundAin‘this ﬁay, the
assumptions on which the impuisékgpproximétion;is Baséd‘must'be
borne in mind: |

(a) the nucleon current.in the diagran in Figg‘B is replaced
by its value on the mass sheil;’,_,
, ‘% ;
(b) only the firét oréeriofﬂ£he expdnsidﬁ’of the current

dependence on p momentum is taken into account.

(c)'Cthe'"obsérver"'huclebnfprbpagator is replacédkby its

value for p = O.
(d), the non-relativistic wave-function’of the deuteron is used.
Only when Q.<<Iﬁ can these approximations be expected

not to give rise to considerable error.

In addition, the impulse approximation does not take

into account the interactidh‘of'the virtual photon with exchange



’meson cuifehts.;;Atfémpté’Qerétﬁade/zg/ to:°tudy the e+ d-a-e' + d‘

, regctlon on’the ba31s of one d#mens;dnal dlsper51on relatlons. f {

On accoﬁnt‘of thé éxiﬁtenceJéfma vefy 16% anoﬁalous’threshOLd

only a few dlagrams ééﬁ béxétudled.‘ The‘s»udyylncludes 1ntermed1até 

 p1on states‘and shows that theLS matrlx theory makesilt p0031b1e "'Ay}i
‘k1n Drlnc1plé fo téke‘lnto‘aécountk;oﬁrectlons to the 1mpulse'

5 ‘ apDro@1mét1on, : howéver,‘for the tlmé be;h ‘ thla theory is not
ivyet comparaﬁle<to the more advanced ﬁon—“elat1v1stlc uheorJ,‘”

"s1nce 1t has not yet reached the quantltatlve stage.

Adler and Drell/zf/ pfesénfed at thié Confeféhce en
 "eva1uat1on of the ex change ﬁeoon currents.r Sindé the iéoépin ofi
" the deuferonqls equalyto 0, the contrlbutioﬁthfthé inﬁefaction
can(gﬁlz!ﬁEﬁ%}f”om 1;oscalar mesoﬁ currents;‘due to an odd number
of plons at the electromagnetlc végtex.: It is- to ‘e expected |

‘ that the moot 1mportant contV1buulon w1ll be that of the -

dlagramf S T P

- Fig. Ty




A well-known calculation, assuming a 7 % contribution
from the D-state in the deuteron, gives the foilQWing'value‘for.

' the ‘anomalous magnetic moment of the deuteron:

BTN T 2 PD(uI‘){_f\pni‘—r i’ar) "‘f‘jvhyhof_,.,am,‘;'v‘j, et

which differe from the,obeefved value‘nDbe.O;857 beyond‘the‘linite‘
of erroi.‘ Taking into accennt the eXchange current of the Fig.’4v
tyve gives a contrlbutlon leD (Iﬁ2) 10 ’ nuc1ean magnetons andfv
exp;alns the dlfference observed 1f a coupllng constant gy f

S

correspondlnv to a w1dth rﬂ_¢r = 0. 5 MeV 19 assumed
| | y
The contribution tekthe'eleqtric‘and’quadrupole form
factors exceeds th llmlts of error only at hlgh values of q2.
The. correctlon to the wagneulc f‘orm factor of the deuteron

improves the agreement between,theory and recent experlmental data.

Thejstudy of e‘d‘?gcattéringpencounters serious
‘difficultieekdue to the Vaniehing bf‘thevcharge form facter‘of
| tne'neutron=len o q2"and“is’vefy small, so one has the choice
of_using-hiéh‘values ofrquoi defeleping e more gccuragte theory

for low values of q2.



I tne reglon of small q it is‘difficyltftc.correlate
‘ ThoAsefiliicn st 1o &

'HQ'GEA data obtalned on the ba51s‘of ef@;ecatteiihg;ha~”ﬁ

Ceala) = 0:00 £ 0.01 for 0.5 Q. Q22 F ot

with datetﬁrom‘neutronLelectronfscattering.*_
(o 021 o 001)

it is nctkyetf ery clear whether thls is a real dlfflculty or

"the consequenqe of the over—estlmatlon of the accuracy of the

>study of ed-
v geﬁ'-
\"can be explalned by the effecto‘of the polarlzablllty of the

tterlng.~ Kalﬁer/ 4/ suﬁvest° that thlg dlfflculty

neutron,‘””'

' H3 and He5 Form Factors -

Experlmentﬂ by the Hofstadter Group/25/ on the
3 3

ucatterlng of" glectrons by H and He ,“nd the theoreulcdl analy51s
‘of these experlments by Schlf’/ / chowed that the c'tudy of these
~.effect ‘can give valuable 1nformat10n about the electric forn -
factor of the neutron andvthe grohnd'state of the three-nucleon

. s&etem.{ Thetfcrmuiee,for’(eHaj,end (eHeS)fscetterihg_cfoso-’

"sectione,ccincide:With equation (1). ,; N




- on

Each cross—ceCulbn’lncludes tvo reiat1v1sflcallj .
invariaﬁt’form‘factors F, (Hej) apd F (He ), and F h(HE) and
Féég(Hi). As 1n the‘caoe of ed—gcatterlng, in the 1mpu1ge
‘apbroximatlop,‘these form’factors are‘expressed as linear
- combinations of nucleon form factors.  Three,structure functiohs
FL’ Fo énd‘F# séfve:éé,coefficieﬁ£5‘in thesevcombéna£ions; ¢

Four,form’faéﬁbrS'ére found infthe experiment aﬁd the .
three structure fuhctioné aﬁd the chargétform”féCfor aré

determined from four equatibns;”fhé othei hué;één form'factors

being considered as known from experiments on ep and ed-scattering. -

The comfarisdni@f‘fhe §aiuesfp€‘FL\aﬁa FOVfound, with
thoée calculated on‘the basis of ground state models of the thfee‘
' .partial‘Syétem, makes:it‘péssible to *each inortént conclusions
concerning the characterl tlcs of thls étate. The'édjustable‘

parameter Fx takes exchange cur“enug into account.

The conolderable Dart played by the exchange currents
o and- the relatlviétlc correctlono neang that the processes of *
,elecfron—scattering'on’"fev—nucleon" systems should be con51dered
of greét 1ntr1n51c ¢ntereot apart from the p0531b111ty of

measuring he neutron form factor.
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IIT1. Photoproduction

~During the period under review, a considerable anount

of experimental information cn,meson phdtoproducticn~wao obtalned.

The thao*etlcul appLoach to tbese phenomena is based on

dlsper31on relaulons, *eoonance and pole wppromlmatlons._ urther—

more, an approach whlch 1s 1n many ways 51m11ar should be noted

hlS is based on con51der1nw the Dlon and plon-nucleon resonances

as hlgher apln partlcles. ,A conolderable ‘prog ramme of calculatlons

of electronagnetlc photon~nucleon *nueractlon based on thls approach
Z was carrled out by Gourdln, Salln et al /27/

The results which'they“obtained give a satisfactory
quantitative‘description:of photcprodﬁctioc and-of the available

data on meson electrcproduction'inmthe energy region below 1 BeV.

The’relatiVistic1apprcach&makes,it possible to predict

‘~lcertain'effedts, for instance‘the electric quadrupole photo-»

productlon mplltuce 1n the reglon of tne flrst Tesonance - 4 5%1f‘
: : M ' '
'and algo .the magnetic quadrucole amnlltude in the reglon ofl+ he -

second resonance l2- Q,_/,,2.5 %y etc‘

E,_

Wlth resnect to megon electro proiuctlon'38a11n/28/ 0

f} showed ‘on, the b?olS of thls model, tha the neutron Dlrac'Porm fgff'”"

factcr 1S~apparently negatlve\andglndlcatedgexperlmentalﬂcondltions
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‘under which neutron form factors can be determlned solely from
elecuro—productlon data.i A* the oame the, rt POllOWo from
theory that the aetermlnatlon of the plon form factor is

‘ practlcally 1mposelblo wlth the Dregent experlmental data.k"

The approach under conolderation 1s(no donbt useful
"for etaluatlng the effect of the maln factorﬂ‘in the‘processee
and for or*entlng exper1 fnts: }Hoyever,‘1t 1ncludes a con31der-
able rumber of parameterﬂ ﬁﬁi&hkhQVé to be’determlned from
experinental date.b Moreoter, thls‘anproacn doee not pretend to
represent a detalled theory of the phenomenon - cons 1oerab1e
dlvervences between experlmental datu and theoretlc 1 éreoictione
‘ are.posolble, oxlng to non- resonent contrlbuulons.‘ As was |
_p01nted out by Althoff/ 9/, new accurate data fron the Bonn:
group on cherged meson photoproduction do not agree with this

theory.

The}investigation of the phdtoproduction of vector
particlee'atfhigh‘energfeeudeserves pérticular:attention;

A detnlled otudy of theoe processeo wes nade by Berman und
Dre11/5°/

The 1ntroduculon of veCuor resonances in diagrams with
elementary conutants Was analyseo by Gell-Mann and Zacharlazen/3 /

“the baols‘o the d1spers*on aopronch aﬂfe rly ag 1961




o7

By meagurlna the contrlbutlon of "Derlpheral" dla ams,
Figs.‘B”énd 6, ’1t 1s poss1b1e to determlne 1mportant propertles'f.

concernlnv unstabTe vector partlcles. ‘V

Fj_g,‘~‘ o Piel g

Here ))ris the phﬁtéh; Y the vectérkpértic}é (JD, K*retc.), :
P the p§gudosca1ar'pabticle (ﬁ?_K) and B énd B'lfhe:initial and
'finél béfyons. ) - ) | | | | |

. : : !

The diagram in Fig;ks gives a>COntributioh to the
Wcroés;section which 'is propoftional t§ the squére of the magnetic
‘:moméﬁt and when 0 = 0° this con%fibution doés not vanish, whiChfiwzbhﬂ
makes i£ possiblé to'detérmine'the’magnétié'mOEents of*unstable"ﬁ

vector particles by extrapolatiﬁg the cross section to the

corregpondlng pole.' For neutral purtlcles (for instance J)

¥, OJ) the diagram in Fig. 5 naturally disappears, and the.f'

mechanlsm can consequently be checked Numerlcal“evaluatloniof ﬂyi

these cross sections is at present difficult because the corres- i ..

ponding constants are unknown.
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‘Atfempts afe being ﬁede;eﬁ the ﬁasiskef‘the diegraﬁ
in Fig. 6 to determlne the‘w1dth of the rad’aulve decay of the'
‘bP-me°on. Accordlng to new Harvara data f7QP —>TcY) 1 3 MeV/BS/
‘Thls value is very 1mpo“tant for eleut?omagnetlc phy°1cs and 1ts ~ |

determination is one of the problens of the~day.‘

In addltlon to the perluhe¢31 dlagran in Flg. 6y kf
'effects descrlbed by the follov1ng dlavrams are often dlscussed

w1th a view to determlnln (y—»Bn) 1nte*act10n‘k

N
 Fig. T ~ Fig. 8 . Fig. 9

. These determinations are discussed below.

1) - A‘rather old problem is the determination of
from data on the photoproduction of single m-mesons, based on

the studyng;the contribution of the diagram in Fig. 7.

' If this diaﬁrem predominated in the high energy region,
the photoproductlon Cross sectlons of ﬂ and % mesons wouid be
equgl. Recent measurewentv bJ Ooborne et al /34/ choaf that aé’

is reauer than do by about ‘an order of magnltude 1n a falrlj

N



29,

thide‘eneigy range; eInfthe opinion ofethe authors,'thistmeans E

Efthat the constant g# -ois much umalleethan g d
X T 5

: Xﬂa)
Aﬁﬁtestlfles in favour of theooelectlon rule 1ntroduced by Bronzan
:5and Low/ss/ avcordlnc to whlch gx“y should be equal to zero.,Q;‘

/

However, thls relaulon bctween d6 and d6 may also mean that

gy < g,m’ i

A large rumber of oaners were devoted to the dete*mlnaulon
?of the (YTK?) coupllnrr constant based on the applwcaulon of
}:dlsperglon relatlons to the analyols of photoploductlon near

threshold. -

. The usual approach,_based‘On dispersion relatiohs, o

L”giVes the following structure for the photoproduction amplitudes.

'in,the near-threshold region:

for the isovector amplitude parts ReF)(syt)= Py(sqt) + Ij(syt) = ©

.. and £ow isoscalar parts

ReFY(sy8) = Pi(sy®) + Ti(s)%) + &) o fo;i§?1f$

HeretPi are pole (Born) terms‘,"Ii are dlcper31on 1ntegrals and A(t) {"ﬁ

Tois the contrlbutﬂon from the dlagram 1n Flg. T t,fggft'




Lebedev a,n‘d VKhafl'amov/Bé/ c’al’c‘ﬁlat'ed the ."disphéx"sioh
L1"'-:Lntegral.f.-*. from the 1nag1nary pafts cf tﬁe amplltudes, wnlch were~"g
itakenffrom experlment and obtglned an upper llmlt for A(t) |
Even if all this contrlbutlon 1g.attr1buted to dlagram 5,~an Vi
upper 11m1t r;ﬁf ‘< 0. 1 MeV 1s obtalned for the w1dth whlch

strongly dlSa Trees w1th F’ ' found from the reactlons

Y+ —0p +f’( j)

The determlnatlon of the Xﬁf coupllng constant from
near- threshold photoproductlon leads to! a wide  range of vglu' ;k
However, ‘it ghould be p01nted out that all theoe Valueu‘are'”

oltuated w1th1n the~ O 1 MeV reglon.,

)’n/
T g s
'cThe?différences betweep the data of different authors;

as shown bj Lébedev ahd.Khﬁrlamcﬁ)arefdﬁé tc’the fcct~fhat the
contrlbutlon of A(t) is of the same order as the 1ndccuracy in
kthe calculatlon of " the dlsper81on 1ntegrals I(t). Particular
~concern 1s caused by the contrlbutlon of the second resonance and
particularly by the queotlon as: to whether the‘contrlbutlon of the
Ynﬁ 1nteract10n will not be counted twice: the first time aok
the A(t)'term and the second tlme as the contribution of the
second rescnaﬁce.‘ Considerable light’m;y be thrown on this
'queétion, ,sihce ’ ifithc second fcsonance‘i$ found’in'the
reaction . L , ~ fcf o Zc,; L '

et s (@),
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due solely to *he 1sovector vart of the anplltude, there 1 no -

direct connectlon between the contrlbutlon of the second reoonance‘

. and A(t)

It seems adv1sable on the bases of the reaction (dT )
at small angles to make a dlstlnction batween 1soscalar and isgo- |

vector @5 well,asfother resonances;

Tnelmaln seurce‘of uncer£a1nty in, flndan f;,bp are

" errors 1ﬁ,£he>celculat1en”of‘l°~ tnese can be ellmlnated/37/ by
.neeourlﬁé the D wave amplltﬁde of the photoproductlon;‘ Thé'
contrlbutlon of I to thc D -wave umplltude *s'small beceuse of’ the"
centrlfugal bdrrler, and +he'need for accufately‘evaluatlng 1tfno,'

longer arises (for ;nstance, there is no need to take 1nto account"

the 1ntegratlon range above the Pl*st resonance)

‘The determlnaulon of A(t) by meaqurlng the D- -wave 1n

~the ‘y+ p — p + 7° and 3/+ p —n+n reactlons in the»low«

enervy reglon appe ars to be the most reliable.‘ Fowever, there

are

"not yet sufflclent experlmental data for thls method

The measurement of the ;uoscalar ampllvudes 1s of gre

’ 1nterest since the I§ ) va lues are small and the maln contr1but10n4

comes from P( s) and A(t) Such meosurement has{so farfmalnly been

ca rrled out on the baols of: the s»udy o:w o

Dhotoproductlon of charﬁed meso‘lo on deuterons TheﬁtheEfyyofl:e

these reactlons is glven 1n /jr/



Among-th work on near—threshold photoproductlon o’
deuterons should be mentloned that of ' the ﬁbscow Group/39/
devoted to;detailed‘theoretical andlexperimental ;nvestlgation
of the ptbceSées B * | S -
\! +d—>d ~r O (d‘n: )

\Ib + d—-> p +n + ﬂ‘ : (npn )

do (ya —d(pn) + 1°)

The autho rs show that in the relatlon — .
7 de(y+ p—sp +T)
in the small anwle reglon of th p“oces the contribution of ,
(npn ) is leus thun 5 %. ; (dr ) in thlo reglon is very cr1t;ca1
for the is otonlc structure of the'amplltude, for small amplltudes,

3

and uncrltlcal for the deuteron wave funct’on.

The df;wnack of extractlng the Luo ’7 ar amﬁ 1tude from
the data on elastlc photoproduCulon of ﬁ and on O'/'U ﬁis that
" the contrlbutlon of the 1sosca1ar amplituae OHlJ ullbhtly exceeds
the unce%téinty arlélng‘from uhe use of the impulse approxlmatlon,
quéver, the experlment canValsovbe\carried oqf s§ that t?e relativé
contributioh‘of the iSoécélgr pa?t i;ygreatly~incregsed by thé
singlet interﬁct@on in the final state‘of'thé neutron‘éﬁd the
proton -in ﬁhe‘inelastic 7° mesop»p?oduction ieaction. in th§t
case, itzié\nécéssérj tél?gcord"j';ané‘vn‘~with‘é'vgfyksﬁa11 

relative angle of divergence. -



The iﬁvestigetiehtoffthe‘*hreSﬁOId regiehlis of interest
apart from the determlnatiOH of the Wﬁ 1nteract1en conetant.
The relatlve u1mn11c1ty of thls‘pnenomenon glves reason to belleve
that accurate quantltatlve 1n10rmat10n 1n thin reglon w111 be

"parulcular J useful for fuuure checklnv of the theo*y.‘

12)(’ The Dubnh Group/4o/ attempted to determlne the coupilné
Vconsuan;ilizg the.reaculon ﬁ‘ + -p ;9 p + ﬂ ‘+ Y :The authoru‘
sacceeded in show1ng that *He dlagram in Fig. lO makes the main
contr;buulon-toﬁtheérié;dnpart»of the “yu—quanta spectrum. The
‘ e = k7¥‘othet di avrams glve a contribut*on
"ﬂ 'v“-zj]; _,;~a‘ Gl whleh_decre ases: sharply when *he

'___t__"_"@,_, R : :,
: ;“:?\V~\f\_yg g;; ;:_ene?gynof the photon,lncreases. : By

! o T ' :
cy i selecting the rigid part of the
{

P i - f~photoﬁ spectrum from the experimental
>'»u"date, the ‘authors estimate the g X } ,;_
Fig. 10 v ,ti fwh‘ch is about one order of: magnitude ’

vgreater than the ‘g'ynf ‘ obtaieedfi
from photoproductlon data, but agreeo w1th data on the peripheralt

dnroductlon of J7 mesons/DB/

‘3)7 In order to give the full, pl"tLre,llt should be mentloned

uhat the ( X gn) 1nteract10n can be studled by 1nvest1ga 1ng

converslon of W '1ntoi? 1n the Coulomb fluld of the nucleuu
n* + 2 —’_-—)f# +:2 ‘(se‘e» 'F;ifr“ 9) Tnl., poss:Lblllty ha,

discuseed /




For hlvh energy - mesons, the momentum transfer can be

very smalls:

ct

m1n

[ vt
1
2]
o
~
N
td

where RZ is tne radius of. the nucleus., Under these 01rcumstances
a- coherent process 1s p0331ble.. q‘he dlfferentlal cross seculon

*reatly depends on thc angle-(‘sfw

jf 7 oéI‘(t.;J) wavnp ~ Q -
& . ‘ [b + T /4EfJ
and assumes a. very hlgh value. At its mﬂx1mum when G /21&2

i
(as umlng tnat f7ﬂf o O 5 MeV and that the nuclear iorm factor

PY) = 1) the ‘eross section reaches O 4 barn/ste

¢ Coulomb and nuclcar procesoes can be separated by

measurlng the angular d1 trlbutlon.

These considerations /5 / also aoply to the converslon_
of K-mesons 1nto n*-mesons 1n the Coulomb field. Owing to the
small dlfferende between the masses; Mk* - M 390 MeV the

mlnlmum momentum transfer is apprOklmately the same as in th

' —PJJ conversn.on.

The comparlson of C; Cana [ %*>iS“of:intereSt'for
checking’ unltary uynmetry.

i



Slsse

As has béen seen; the w1dth of the decay of the j?Qmes§ﬁ fié
~into ' and Y 1é‘a very 1mportant feature. 'However, daté |
'concernlﬁg this Wldth are controdlctory élthoughvvery plent ful

This is probably due to tne ;act thau at the preoent stage the“e is:

no rellable way of 1solat1ng the contrlbutlons of perlpheral q;a—
0ram$.  Tt is also 1nterest1ﬁg té hote that the value of

‘ 'r’(y —? T +'x) was found tc Dbe. the same 1n the effchs des cribed

;. by one—meson exchange dlagrams (see flgures 8 9 and 10)

. A v'The sﬁai1ef ofdé¥ o¢ magnltude of ohe ﬁpper limit for
r‘(f-—b1t-+¥) obtalned 1rom near—threshold photop*oductlon maJ
mean that A(t) in formulo (9) 1ncludes not only thc conurlbutlon
kfrom dlagram 7,vbuu also a contrlbutlon whlch'counterbalénces_lp,,7"
~ Por 1nstance, this could be the contrlbutlon of the J{—meéon

:whlch was 1ntroduced An the 1sovector nucleon form factor models.

The data ménfionéd_Shows thét'the'dgfermiﬁation of ;5 -
resonance intéraction édnétaﬁtsjboth\fdf é’— p sCatferinU‘and ? "
meson photoproduction is Stili at e pfeliminary‘stége. At the
same tlne 1t is clear tnat the study of taeso effects 1;‘very

promising.




‘IV;  Electrodynamics =

Electrbdyn amic calculatlons rel tlnu to experlmental
work m°1n1y concern the dloChoSlon of the pOSblble dlvergencek
of perlmental data from‘*he predlctlons of electrodynamwcs.

For a more accurate defln ' On of "dlvergence" 1t 1s necessary

to pay due autentlon to radlatlve correCLlona of a hlgher degree

‘of accuracy than the e: perlment (uhls'ié‘%he1most usual'kind’df‘

vcalculation).

Another kind of‘¢51Cu1ation investigates which f'

experiments for checking electrodynamics are the most critical

for possible divergences.

& third kind of calculation concerns the discussion
of evident divergences from electrodynamics connected with

taking strong interactions into account.

‘ Drell/42/ presented af’this conference a study of
sharply,aSymmétrié\photoprdductiohWOf'p—pairsglwhere nearly‘all‘
the energy of:the,photbn is transmittéd'to one meson, which is

recorded,lﬁhe'other meson emittéd being almost.at rest. The

Bethe-Heitler cross—section is found to be o ~10 34/F (GeV) cmz.'

The main feauure 1n thls c&se 1° that +ho cross Su@tlon ia

sens 1t1ve to modiflcatlon of the muon propaﬂator,‘shlfted a

§

long distance 5 2 km44°from the mass shell.g




Experlmental a*rangements whlch do not call for

,‘001nc1dcnce dla#rams are convenlenu for experlnents on 11near

accelerators.v The productlon of palrs on protons w111 recelve S
o a cons*dorable contrlbutloﬁ from strong 1nteractlons due to

5fv1ruua1 Compton ef ect dlagram

“énditoodiagfamsfof tho‘typé:fl".

N
These procésses are also of‘intrinSio~interest. They can be
oisolafed?by'méans ofAthe'ohérp'ghé;e aébondehcékof‘Bethe—Heitler

“cross-sections

‘.A large_progfammogof;oéiculaﬁion”of electrodynamio
cofrections/43/ aod e#altatiohoofitho effect ofvstfong intéraotions
was carried out by Gattlo et oi1;ih oonneotion witﬁvcollidingbboom
progecto;‘ Similar‘caicﬁlation ﬁere also carfied out'ih part[  

by other authors (see for example /+4/)

: Corrections‘were*obfainéd'by,oombining renofﬁaiiéaﬁioﬁ
group methods. for tne totallsatlon of the 1c‘1na1 (not 1nfra—red)ﬁ

: paru and a well known formula wnlch totaliaes the 1nfra red parﬁ



&+ Corrections to the CTOSS. seculong of reactlon°

. p + p = e+f‘!¥f'e"v; “and —15 + p = u + u “are ‘o‘f‘. ;nterrest:in L

7.connect1qn with’the“problems pnder;dlscpssiohgg<vg;

The relatlon obtalncd for tne total cross'oectlons 1s_~

as follow

- k. + _.: 
"T(pp — up)

“.; ,‘f£=f4~ _  ﬁ1f :l ﬁ¥{i4U  ' ~ fv k ‘-, o
- J |2 o5t itaatig]

EV&luatLons of the effecte of electromavnetﬂc 1nteractlons

- bh regula rltles e tabllshed J‘.‘07*"t trong,;nteractlons are,al$o of,

con51derable 1ntere t.

/45/

: The génerailzétion of Lon s formula for the éniséion'of
soft photong and also 01 the alswerglbn relaulons fo“ elastlc
pro sseg‘when electromagnetlc 1ntcréctionu are taken inté account
werevdwscussed in tbe report oy L D Solov1ev/4 / mhis c.pp:t‘o<..ch
‘1n pa*tlcu1ar,'makes it p0951ble to generallze dsymntotlc relations
at high energlea also when electromagneulc 1nteract10nskare taken

into account

The author w15he° to take th¢° onportunlty of expressing

his thanks to A, A. Komar and S Bermun for useful ‘discussions and
'\

to E. Lebedev for hls great help 1n prepurlng thls report
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