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Abstract : The field of electromagnetic interactions on light nuclei is reviewed
through a discussion of a few topics for which new experimental results have
been ob*ained since the 13979 Vancouver Conference.

1. Introductiorn

The field I am given the cpportunity to review is characterized by the unique
possibility it provides in muclear physics, to reach a quantitative descripticn
starting frum che elementary aspects of the forces between the constituents of
the nucleus. The electramagnetic theory is the most accurate theory valid on an
extended scale of distances. Cn the other hamd, few nucleon systems properties
can be studied in the non relativistic conventicnal nuclear phvsics approach by
solving exactly a Schridinger equation fo- the two-particle interaction. In so
far as corrections to this conventicnal picture of the micleus are negligible,
electromagnetic interaction should give unambiguous answers an the nuclecnic
currents, The varicus camplications to the simplified version of the nucleus aris-
ing because of meson exchance currents, iscbar camomnents, relativistic correc-
tions, three-body forces, multiquark admixtures will modify the picture but light
nuclei are still the only place ‘where theory can deal quantitatively with these
difficulties.

Let us sunmarize briefly the characteristics of the electrumagnetic probe.
Electron scattering is described by the diagram on fig. 1. Because of the small-
ness of the coupling constant the electron exchanges anly one virtual photon with
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Fig. 1. Single photon exchange Feyrman diagram,
the low 2 target. The\dxtual photon emission vertex is exactly known fram QED.
Recent measurements’) of Bhaba scattering (eve* - e~e*) for s1/2 up to 31.6 GeV

have shown that one can parametrize the fomm factor of negative electrons by the
expression

F (qz) = l-qz/ (qz-Az)
with a value of tha cut-off parameter | > 95 GeV. This establishes that electrons




are point-like spu—dcles in their electramagnetic interactions down to a radius

less than 10718 n. The choice of k' and 8 gsfines campletely the virtual photon

and determines the region in space (Ax\ 1/vQ<) and time (At ~ 1/E excitaticn)

which is explored in the interaction. For instance deep inelastic scattering at

large transfer (both Q2 and E excitation are large - Q2> 2GeV2 ; K > 2 GeV - )

allows resclving the quark substructure of the nucleons. On the other hand, elastic

scattering (At = =) at large transfer (Q2 = 8(GeV/c)2) will be sensitive to aver-

age small scale properties of the nucleus like the presence of exotic multiquark

admixtures or density fluctuations. By reading the proceedings of the previous

ICOHEPANS one gets convinced that the time scale of the evolution of the subject

I am discussing is much larger than the two-vear interval which traditionally se-

parates two consecutive meetings. As an experimentalistmy goal will be toup—date (
the sfate-of ‘ne investigation of same tooics for which rew experimental results ‘
have been ob:ained since the Vancouver Conference. I will discuss successively ‘;
experiments which emphasize various aspects of the mwlear dynamics corresponding

to incrousingly short distance investigation of the nucleus : the classical \
muclew; picture in quasi e.lastic(e,e’p)m:*}iathe meson exchange currents correc-

tions in the electro-magnetic form factors of 3He, the propagation of 4 in nuclei

through photon absorption in C and 0, and the relevance of quarks in the inter-

pretation of higl' energy elastic scattering an deuterium. lastly, I will sketch

the possibilities opened by the availability of scurces of polarized electxons

and the recent progress in polarized targets as demonstrated in a polarized elec-

tron on polarized proton experiment. This survey is inevitably non exhaustive

and I apologize in advance for the selection of experiments I present, which is

biased more because of my deficiencies than by real prejudice. However I volant-

arily left out of the discussion two subjects which would lose of their umportance

out of their general context : the observation of anamalies in the photoproducticn

on deuterium?), closely related to the existing evidence for dibaryens, and the

experiments on the two body photodisintegraticon of 3He *) which have to be analyz-

ed within a gereral accomnt on the possible violation of T invariance.

2. Quasielastic (e,e'p) reaction on helium=3

The motivation of (e,e'p) proton kowck-out reactions is the measurement of
single particle properties of nuclei, Within the frame of the plane wave impulse

approximation (PWIA) the cross section of the process sketchad in fig. 2 can be
factorized according to :

® .
‘dd_. = K .i s(p’g) H
&l@l dne'

K is a kinematical factor, da(p) /dfze. the elastic electron proton cross section
including off-shell correcticns, and S(P,e) the spectral function which is the
probability to find a proton of momentum P and removal energy € in the initial
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Fig., 2. The (e,e'p) reacticn
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nucleus. PWIA describes the main features of the process but it is a simpli€i-
cation of the more camplex reality : the final state interacticn (FSI) of the
ejected proten with the residual nuclear state issizeable even in very light nu-
clei, mescnic exchange currents (MEC) and isobaric camonents (IC) in the nucleus
wave function bring additicnal correctians. The factorization of the cxuss sec-
tion is no more valid and strictly speaking one camnot anymore extract the spectr-
al function fram the data.

The whole picture has been beautifully surveved in a systematical way by
H. Arenhtvel®) for the (e,e'p) on deuterium. Initially, corrections to PWIA had
been overlocked and underestimated leading to a puzzling 20 % discrepancy between
theory and experiment®) . Fig. 3 shows the satisfactory agreement achieved by a
recent calculation of Arenhdvel for the two different kinematical conditions
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Fig. 3. The (e,e'p) crouss-section ocn deuterium®) dsc/dned:zpdu as a functian of

the recoil mamentum, is campared to a calculation by Arénhovel®). The dashed line

is the PWIA, the dash-dotted line is the Born approximation with final state in-

teraction. The solid line is the camplete calculation including meson-exchange

currents and isobaric components contributions., The two els correspond to dif-
ferent kinematics : a) |3} = 450 MeV/c , b) |§| = 350 MeV/c

used in the Saclay deuterium experiment®). The calculation includes FSI treatment
taking into account partial waves up to L = 6, A canponents in the wave function
and 7, w and 0 exchange currents.

The 3He(e,e'p) coincidence experiments have been carried gut at Kharkov’)
and Saclay’). The two-body (e+3He ~ e'+p+d) and three-body (e+He ~ e'+p+p+n)
channels are clearly separated in the Saclay experiment thanks to a 1.2 MeV
energy resolution in the missing mass spectrum (fig. 4) ; results cover the mo-
mentum range out to 300 MeV/c and missing energies up to 90 MeV, The so called
"perpendicular kinematics” situation (proton measured in the direction orthogonal
to the transferred momentum) has been used,

In the conventional picture of a non relativistic nucleus made of nan
canposite nuclecns interacting through a two-body potential , the spectral
fmction of He can be calcilated exactly., Two such PWIA calculaticns
are available, they use a Faddeev approach ’) and a variational technique'’) ;
both utilize the RSC interaction ; their results essentially differ in the
region of low momenta (p<100 MeV/c) for which the variational wave function
gives a too small contribution. The coverall agreement with the effective
mementum distributions extracted from the data prealably corrected for radiative
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Fig. 4. The missiriy energy spectrum in the Saclay 3’:5e(e,e'p) experiment . The ex-
perimental points have been corrected for radiative effects.

effects is satisfactory imthe two-body as well as in the . three-boly channels (figs.

5 a) and S b)) .However the high quality of the data certainly deserves a confront-
ation with more detailed calculations including all mentionat corrections : for
instance the relative weight of two-body vs. three-body break—up is a quantity
very sensitive to the three-body wave function but no meaningful camparison is
presently possible.

Clearly an extension of the data to higher maomenta (p > 300 MeV/c) would be
desirable in the region where inclusive quasi elastic scattering suggests a lack
of high~mamentum camponents in the three-body wave functions'';. Since the signal
to accidentals ratio is 0.3 for the 300 MeV/c measurement of the Saclay exveri-
ment, this would recuire in addition to higher electron enerqy, larger duty cwcle
accelerators (presently Saclay is 1 % and Kharkov 0,05 %) and more performant
detectors achieving a coincidence time resoluticn less than 1 ns.

Measurement of the four structure functions characterizing the (e,e'p)
cross secticn would necessitate non coplanar experiments that none of the present-
ly available experimental set-ups allow. However by selecting the kinematical
conditions a separatior of transverse and longitudinal corpenents of the inter~
action is possible!?), which could enhance meson exchange contributions relatively
to-single particle cnes.
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Fig. 5. The Saclay 3 mamentum distribution®) corresponding to : a) the two-body
break-up channel, b) the three-body break-up chammel, compared to predictions of
Dieperirk et al.’) (solid line) and Cioffi et al.'®) (dashed line)

3. The magnetic form factor of 3X-Ie

The anamaly in the magnetic moment value of 3Hehasbemforalonqﬁmone
of the clear cut evidences for the existence of mesm currents. Low mo-
mentum transfer backward electron scattering experiments on “He indicated that
MEC dominated the cne body contribution for Q2 > 5 £m2. This was shown to happen
because of a strong destructive interference between the S and D camponents of
the wave function in the single nucleon current matrix element, reducing signifi-
cantly the impulse approximation contribution. Owing to this peculiar situation
the JHe magnetic form factor can be considered as a testing ground for MEC calcul-
ations, In this perspective Riska'’) has investigated the sensitivity of the over-
all predictian to the various ingredients entering the form factor calculation.

Recently the old Stanford data!’) reaching the first diffraction minimm
have been superseded by the low transfer high acciracy MIT data'’), However an
exter:ion of the measurements to higher Q2 was desirable in order to study how
reliable were MEX calculations in predicting such distinctive experimental fea-
tures as the position and size of the secondary maximum, The new Saclay measure-
ments’*) cover the momentum transfer region going beyond the secondary maximasm
out to Q2 = 32 £r2. The upgraded energy of the Sazlay linac was essential in
thig experiment which used a 700 MeV incident electron beam ; the high intensity
(up to 40 uA average current) allowed measuring cross-cactions as lowas 10738 cm2/sr.

I fig. 6 the data are campared to a calculation of Bormais et al.!®). Owing
to the cansiderable "corrections” to the one-body contribution, the agreement
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rig. 6. The e magnetic form factor. Pgerimental cata Zrom MIT®) and Saclay’®)
' are campared to calculations from R. Bormais et al. %),

with the data is satisfying, it proves that MEC calculationrs are now under con-
trol throughout the momentum transfer region experimentally studied. The calcul-~
ation is part of a camplete investigation by these authors of the elect—mmagnetic
form factors of 3He and 3H ; this is important in view of the requirement of ex-
plaining the whole set of 3-oody nuclei properties within the same coherent frame.
The three-body FaddeevGrencble wave-function for the Reid soft core potential is
used ; a detailed estimation of the exchange processes for 1,7 and w mesons is
made which includes form factors to account for the spatial extensicn structure
of the meson-nucleon vertices. Understanding MEC contributions in the magnetic
form factor is a prerequisite for their investigation in the charge form factor
where they appear as corrections of relativistic order lgﬂz and where their theo—
retical foundaticn is much less firmly established. The “He charge fom factor
calculation by the same authors displayed in fig, 7 is in general agreement with
the trend of the experimental data for Q < 6 fm-!, however it underestimates the
experimental results below the first minimum. The pair NN processes for 7,p and w
exchange are essential in reproducing the data in the region of the secondary
maximum ; they can be considered as part of the relativistic correcticns since
they naturally appear in a relativistic impulse approximaticn tveatment. Many
uncertainties gtill exist ; let us point out especially the insufficient kow-

ledge of the nucleon form factors which plagues the interpretation of nuclei fomm
factors for Q > 4 fm-l,
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Fig. 7. The 3te charge form factor. Data points from ref.*?)campared to a calcul-
ation of R. Bornais et al.'%), One-body density (dashed line), total (solid line).

Hajduk et al.!’) have investigated in a detailed way the effect of the & iso~
bar camponents (IC) in the three mucleon bound state properties and especially
in the electrumagnetic form factors. The IC give rise to a three-body force in
addition to specific MEC currents. The A& contributions (fig. 8) are evaluated
NAN
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Fig. 8. One-body diagrams involving a A isobar explicitly present in the wave-
function

using a wave function solutionof the Faddeev equation which includes the single A car
figurations generated ronperturbativelybya realistic transition potential. In the
case of the magnetic form factor all A contributions are shown to cancel out up t©
Q%=25 fm~2 ; however larqe m and p pair current exchange ~orrecticns improve signi-
ficantly the agreement with the data ; other important exchange corrections are

in the process of being calculated!?), Of special interest for the ‘He charge
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form factor are the non dlaconal 3 contributions which correspond to a bound oo~
cleon de.cmatim decreasing the density at the centsr of the nucleus. A recent
evaluation'’) of these contritutions gives a result ruch too small o axplain the
features of the secondary maximum in variance with a previous estimate remrted
at the Vancouver Conference'®). In fact diacomal A contributions cancel the non-
dmgunldcm:n.hxtxmsmtmsec&ﬁarymmreamnuﬂtheaﬂvre’é‘et
is caused by the polarization of the purely nuclecnic camponents induced bv the
presence of the A ischar.

Summarizing, within the uncertainties we qucted, the corrections to the con-
venticnal mucieus picture in a non relativistic frame , seem by andl.axqe'co
account for the main features of the 3%e macretic fomm facter wp to Q2= 35 G2
There are still difficulties in reproducing the charge fcmfac:crandr‘melaz—e
number of thecretical ingredients invalved makes difficuit to clearly ascertain
each specific correction.

4. Photonuclear and electrcnuclear reactiams onlignt nuclei in the ) resorance
regicn.

Pion photcproduction on nucleons is known to be dominated by the 4(1226) re-
scnance ; its amplitude is well describedby a rescnant Ml contribution in additicn
to Born terms. P!ntminducedreact:.msmdeutarimint.heregimoftheA
resonance have been extensively studied these last years both experimentally and
thecretically 20) . Most of the experimental features have been reproduced by a
model in which one considers in addition to the gquasi-free process the various
picn~-nmucleon and nuclecrenucleon rescatterings. Usually processes up to order 2
in this multiple scattering series are sufficient to account for the data. The
few unexplained experimental facts have been considered either as manifestation
of genuine AN scattering effects or as a1 indication of the existence of exotic
dibaryonic states. In view of the overall success of the model it seems very
appealing to extend the method to the interpretation of photoreaction data on
heavier nuclei. However effects like the coherent propagaticn of the 4 in the
mucleus can render the miltiple scattering series very slow to converge. It may
thus became mcre canvenient to solve for the 4 rescnating part of the process,
the eigenvalue problem of the hamiltonian of a system of (A-1) nuclecns and cne
42Y), In this frame the reaction amplitide for the rescnance mechanism reads

T-Ei’d(k) 2wy

XU“'

where E’u {w,q) describes the excitation by virtual photon (w,q) of the eigenmode

u, of energy €, which propagates and eventually deca Eés with emission of particle
x, with momentum k, according to the matrix element F$(ky) . Inclusive reactions
(total, virtua' or real photon absorption) will ssmt.ially study the excitation
properties of the rescnant amplitude, whereas exclusive reactions (photoproduction
of pions and mucleons) will give information on the decay features of these reso-
nances.

Total absorption photonuclear cross-~sections for light nuclei in the Aregion
can be measured by different methods. We will sketch briefly their main charac-
teristics in order to emphasize the originality of the recent Bonn measurementsZ2)
which have provided uswith a wealth of exclusive and inclusive data on nuclei

ranging from He to Pb,

1. In the attenuation method used by the Mainz group®’), the attenuation caused
by a thick target is determined by the target in target cut ratio of the photon
spectnum measured in a Campton spectrometer. The total absorption is corrected
from the calculated electrunic abscrption to get the nuclear absorption cross-
section, Measurements utilizing this method are limited by the ratio of nuclear
to electrumagnetic cross sections which varies approximately like 1/2 and by the
theoretical uncertainties in the calculation of the electronic cross-section.
With the present Mainz accelerator duty cycle measurements for nuclei heavier




than carbon are almost imocssible.

2. Measurements of desp inelastic electron scattering in the ) recion when extIa—
polated to the photon point ((2= 0) yield the total photcabsorption cress section.
The cross sections have to be corrected from radiative effects (both elastic and
inelastic) and far the quasi elastic contribution ; these corrections induce
uncertainties which grow with the nucleus charge and depend on the kinematical
conditions. Extrapolation to the photon peint reguires determination of the double
differential electrun scattering cxoss section at different low values of the
transfer momentim. Results using this method have been chtained for a few nuclei
including K, D, C and Al. ).

3. In the high-emergy method, used by the Bcm  croup??), one takes advantage of
the difference in the angular distributions of the forwerd peaked electruracnetic
cross sectiaon and the almost isotropic nuclear cross section. Tagged bremsstrabhimg
photons are used ; the hadronic counters surromding the tarvet detect and icdent-
i charced pions and protons and a shower counter vetoes the electzumacnetic
events (see fig. 9). Double differential cross sections are measured in the
anqular region going fram 20° to 140°, and the eneryy thresholds for pions and
protons are respectively 40 MeV and 53 MeV. In order to deduce the total abscrp-
tion muclear cross section from these data, corrections must be applied to ac-
count for the energy threshold and finite solid angle of the hadronic counter as
well as for the men-detected neutral channels. An intramclear cascade caputer
code determiries in the case of the Ban experiment that the ratio of observed
to total events grows appruximately from 0.4 to 0.8 in light nuclei (Be, C, O)
when photon energy varies from 200 MeV to 400 MeV.
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Fig. 9. The Bonn experimental set-up for measurement of photoemission of charged
. pions and protans??)

Data cbtained on Be using methods | and 3 are in perfect agresment within
the experimental errors (see fig. 10). On the other hand the old deep inelastic
electron scattering data of Kharkov on C strongly disagree with the recent Born
measurements : Kharkov cross sections are 100 § larger at 200 MeV and 25 § larger
at 400 MeV ; this conflicting situation should certainly be an incentive for new
electron scattering measurenents especially to test the extrapolation procedure
at the photan point.

——.
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Fig. 10. Total hadronic Be cross section. Data are from ref., 22 and ref. 23.

In fig. 11 we show a sample of the carbon Bann data?®} and campare zhem to
the predictions of Laget?%). The proton spectrum (£ig. 11 a)) exhibits a two
peak structure : the lower energy peak to quasi-free pion chotopro-
duction kinematics whereas the high energy peak is associated to a quasi-deuteron
process. The quasi deuteron contribution compares reasonably well, after correct-
ing for proton absorption (damping by a factor 0.8), to an estimation (solid
line) which is a variation of the Levinger quasi-deuteron model, ¢ = L NZ/A ap :
the cross section is proportional to the number of neutron proton pairs in the
mucleus, and to the o and 7 meson exchange part of the deuteron photodisintegr-
ation cross section ; the factor L/A accounts for the difference in density of a
neutron proton pair in micleus A as compared to deuterium ; the value L = JO is
suggested by photoabsorption data below pion threshold. The dashed line is the
contribution of the quasi free pion photoproduction.

The pion spectzum (fig. 11 b)) displays a bump connected o single pion
quasifree photoproduction (dashed line); the size and the shape of this contrib-
ution arewell reproduced by taking into account the quasi elastic scattering of
the emitted pion with the residual nucleus by means of an optical potential (solid
line) . The low energy part cf the spectrum can be associated to inelastically
scattered pions. -

The total cross section for T emission (fig. 11 ¢)) has a shape which
differs from the free nucleon cross section (dotted line): the energy shift and
the hroadening of the resonance are attributed to the binding and to the Fermd
motion of the nucleons. Including these effects in a distorted wave irpulse
approximation (dashed line) and correcting for true absorption of pions, Laget
almost reproduces the measured crosg section.

The total cross section for proton emission (fig. 11 d)) is campared to the
incoherent sum (solid line) of quasifree photoproduction pn? and pr~  (dashed
line) and exchange quasi-deuteron cross section (dotted line).

The total pio cross section (fig. 11 e)) is then compared to the in~
coherent sum (solid line) of pion photoproduction 1%, 7+, ™) (dashed line) and exchan~
ge contributions approximated by the quagi-deuteron nmodel (dotted 1ine) . In view of
the simplicity of this semi- logical model the resulting cross section
describes surprisingly well the general shape and size of the experimental data.

——



http://5pectr.ro

LY ] a) : b)

)

z Y e, v

i KA NIZ<l, <M1 trw
3 e \ %0 € P
'E l‘ 1' PO * - . ’ N
IR 3o foo

2 ’

3 Pt g s " Mok, <90 = / N\

* I N ’
S \ t | STVRT] ; \
- : + ‘ § ’ v
b ! { " 7 i
$ L7 T / !
3 £ Ehd 4 B
] 119} . P J !

r, ie o 3 : \‘

-
s

. eyt /72 wbd

Fig. 11. Photoproduction on lzci the experimental Sorm data 22) are campared to
calculations of Laget‘) (symbols are explained in the text).

In fig. lzmlsomulpfnmabwrp:imc:osssecﬁmzz) is compared to a
detailed calculation of Weise andOset’’) who used the altermat:ve approach of the
4-hole microscopic model to describe the rescnant part of the process. The total
photoabsorption cxoss section is related through to optical thecrem to the imagi-
nary part of the forwari photon elastic scattering amplitude. The coherent mul-
tiple scattering of pions is mediated bv a one-pion exchance i-nole interaction ;
however the authors cbserve that the =cherent foruari propacation of photopro—
duced pions is strongly suppressed because of the transverse nature of yNA coupl-
ing. The A-hole states width and positicn are thus only moderately modified from
the free decay propercies and this mainly because of binding effects and Fezmi
motion. Corrections associated to the A propagation in the nucleus medium /Pauli
blocking and true absorption N4 - NN) produce a net slight broadening of ‘-nole




sTates. he on resonant pares the ccoss seczion (Sorn shotocTodxrzizn e I
cuasi deuteron!have bee added inccherently w the resonant part.

in conclusion, we could sxry that the lack of coherence of the ) x-pacation
in piotabsorption explaing the scress of the semi-ohenorenological model of
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to a calculation by Oset and Woise’’). Lower points are the measmured cross section

for emission of charged particles ; higher points are the extrapolated total ab-
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Oeep inelastic inclusive electzon scattsring in the A zregion is a reaction
analogous to photon absorption : instead of rwal photons the mxcleus absorbs
nmlm.mimunfm-qluuﬂmmtm'

Q2 = 0.2 - 0.4 (GaV/C) M'ndlvnmfxmamldncnbmc.‘nm
as an incoherent superposition of single mucleon processas®®). 12

In fig. 13 we present the results of a Saclay experiment on 1% for cm-
pnrablcmunmtcmttorantu:‘.mmhof 145°. ‘m-cuppn:'.icud
by an impulse approximsfion betinen the quasi elastic and the cuasi free pion
production is filled by an extra contribution. In addicion we observe that the
mmkudﬂtdaﬂwumhauofmlmm

The inelastic electron scattering crss_secticn can he ewprmssed in termg of
mmmﬂmﬂm&(o?,a)mdsr(oza)m\qumuwlym
the longitudinal and to the transverse coroonent of the exchanged virtual photon,
which contain the informetion on the structuxe of the tarcet
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Mesonic exchange current contributions are mainly irduced by traisverse prctors
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Fig. 13. 12C(e,e’) differential cruss section as a function of the excitation
energy w at backward angle. Data fram Saclay 2% are campared to a calculation by
Laget %), Quasi elastic (dash-dot), quasi free pion electroproduction (dash),

exchange contribution (dot) and total (solid line).

they will preferentially show up for large scattering angle experiments. We cam—
pare the Saclay data to a calculation by Laget %) using essentially the same in-
gredients than in the case of photoabsorption ; the dip between the quasi elastic
and the quasi Cree pion production is filled by the meson exchange contributions
approximated in the quasi-deutercnmodelKl and Huber?') give an alterna-
tive interpretation of the general trend of the experimental data in temms of the

excitation of A* rescnances.
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Fig. 14, The transverse (a)) and longituiinal (b)) response functions of 12C at
Q¢ = 0.16 (GeV/c)2 as a function of the excitation energy w. Data from ref, %)
are campared to a calculation by laget 2%). Quasi elastic (dash-dot), quasi free
pion electroproduction (dash), exchange contribution (dot) and total (solid line).

By measuring the cross section at different angies a separation of the lon-
gitudinal and transverse response functions has been achieved. The two response




functions are displayed in fig. 14 where they are plotted as a functicn of the ex-
citation energy w for Q2 = 0.16 (GeV/c)Z. Meson exchange currents scarcely contri-
bute to the longitudinal response function which can be thus used tostudy short
range properties of the muclear wave function. Unfortinately because longitudinal
electroproduction cross section is much smaller than the transverse one, its know-
ledge requires difficult experiments as witnessed by the size of the error bars.
On the other hand the transverse response function is useful for the investigatian
of MEC.

5. Inclusive eD scattering at Q2 = 8(GeV/c)2

The transition from the classical model of a nucleus made of nucleons, amend-
ed by the introduction of mesonic exchange currents and iscbaric camonents, to
the quark and gluon picture of the mucleus is certainly cne of the most important
problems we are presently facing. To investigate this issue we must identify
nuclear properties which reguire in order to be explained the explicit consiger-
ation of the gquark degrees of freedom of the nucleon. In that respect high energy
electron scattering measurements on light nuclei performed at SLAC by the American
University Group are apparently the most prunising and relevant experiments.
amold et al.??) present new inelastic data in the threshold region for deuterium,

and He.

In the case of deuterium preliminary results extend to g‘,}zae(ce\l/c:)2 the ex-
plored momentum transfer region (see fig. 15).

In temms of the twy inelastic structure functions Wy (@2,W) and Wz(Qz,W) the
inelastic czoss section for electron scattering at angle ¢ may be written :

do do 2 2 2
TE " [d—ﬁ}bbtt[wzto M)+ M, Q7 W g 9/2]

mﬁreozarﬂWaxeﬂnsqmredqmdrimiermdmenwariantmssoftheﬁnal
hadronic state. 2

zmrelasticscatterm, using the two elastic structure functions A(Q") and
B(Q") the cross section reads :

do [dc\ 2 20,2 .-
g , |89 A(Q") + B(Q") tg8/2].
& dnJ“”[

At forward angles, it is essentially the structure functions A(Qz) and
A (Q2,W) which are measured.
Using their previous lower Q° data’®) the authors were able to show_that the
inelastic to elastic_structure nﬁ.oisalﬂostirxdeperﬂmtofczatfued
missing mass W for Q2 > 2(GeV/c)¢ and W-Mp < 200 MeV

Al cod) (1)
I '
Such a comection is also predicted by a partonmodel analysis of the thre-
shold region’!y.
from the inelastic threshold data val of the elastic structure function
A(Q?) were deduced using relation (1) at Q° = 6(GaV/c)2 (where previous measu-

rements yielded only an upper Jimit of A) and at Q¢ = 8(GeV/c)2, In view of the
ampariscn with theoretical models these two indirectly determined new data points
are extremel rtant since they reach the expected domain of validity of scal-
ing models Q¢>>Ma. A detailed comparison of these experimental results with the
various existing models is beyond the scope of this review (and the ability of the
speaker) ; T will limit myself to sketch same of the calculations which are the
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most representative of the different apprvaches adopted by the theorists.

Clearly a fully relatavistic treatment is a must at these very high momenta.
The recent analysis of Amold et al.’?) is made in a language familiar to nuclear
physicists ; the relativistic impulse approximation contribution is calculated
using a2 four component wave -function which includes negative energy nucleon states
Varicus wave functions corresponding to different nucleon nucleon potentials were
used, All results underestimate the structure function A, they predict a quicker
fall off than the ane exhibited by the data. This would imply that meson exchange
contributions should daminate at high Q¢. Since pair current temms are automatic-
ally included in RIA, other exchange currents should ern the process ; pmy
contributicns are expected to be very large at high bat no relativistic evalu~
ation of MEC is presenriy available. Let us note that in a contribution to this
Conference, Bhalerac and Gurvitz??) attribute the failure to reproduce the data
to the use made Ly Arnold et al. of the so—called Gross prescription according to
which the spectator nucleon is set on-shell. By relaxing this condition and allow-
ing both nucleons to be on-shell with equal probability they obtain a perfect
agreement with the experimental values. This conflicting situation can be solved
by more elaborate calculaticns using expansions of the Bethe Salpeter equation.

Fram the point of view of the dimensional scaling quark model (DSQM)®!)
based on the relevance of the k campositeness of the nucleus, the form factor
A has an asymptotic behaviour /A ~ (02)°°, This law reflects that, for high mo-




mentum transfers, binding correcticns can be neglected. In order to leave intact
the deuterium nucleus, the momentum transfer should be equipartiticned among the
six constituent q‘.x.a::!us2 The amplitude for transierxing to each ccpstitugxt the mo-
mentum Q/6 is ag/{Q/6) € where ag is the QD coupling constant . TRe scaling expected
by the CSOM is apparently cbserved to occur for o2 > 3(neV/c)2. Let us ot however
that DSQM predicts only the asymptotic fall off power law and not the nommaliz-
ation of A(Q2) which would require knowledge of the amplitudes of the varicus
short lived multigquark camponents admixed to the two nucleon camponent. This
limitation is somewhat unsatisfactory since no prediction is made about the anset
of scaling. - — -
z(xmmpredicts in addition to the nuclecnic and isobaric camponents of the
deuterium wave function, "hidden color" states which correspond to two color-octet
three—quark clusters, the overall state being a color singlet’®). In terms of the

6 valence quarks
[D> = af (qud) 1 ldd) ;> + b (uud) g . (ddu) g >

+c| (M)lc(ddd)lc> + g ‘) g (add) g >

Amording&themlormumeofﬂxemtethedminantsatterﬂxgne;hamsn
is different. Since micleons cannot exchange cne single gluen, the quark inter-
change model is relevant for the part of the wave function correspending to two
colar singlet three quark clusters, whereas the democratic chain model is perti-
nent for the color octets three-quark clusters (fig. 16) . The pressymptotic scal-
ing law differs according to the involved mechanism. The data tend to favor the

cuark interchange prediction ; the expression

£y (@%/4)

A’\'cbl"'(.'l/ﬂl

with ¢p = 0.15 and m2 a 0.28 Gevz, reproduces the data from Q2 = 0.7 (GeV/c)2 o
. Q2 = 3(Gev/c)2_ (dash—dotted curve in fig. 15).

A nucleon parton approach suggested by Scimidt and Blankenbecler " considers pher-
menological constructs in the infinite momentum frame which should join swothly
to the nuclear non relati c wave function allowing standard normalization of
the charge fomm factor at 0. Chemtob’®) incorporates to this treatment the
spin degrees of freedam which increase the mumber of predicted quantities. The
results are very sensitive to the postulated binding forces characterized by the
power index T (T = 1 scalar meson exchange, T = 2,3 vector meson exchange with
and without form factor at the vertices). The case T = 3 which has an alternative
interpretation in tenms of a three valence~quark of the nucleon consi-
derably underestimates the form factor A at large ; on the other hand the T = 2
prediction reproduces the elastic scattering data cit to 8(GeV/c)? without any
arbitrary normalization. This would tend to0 suggest that the quark degrees of
freedam are not yet relevant in this transfer region and that binding corrections
to a different asynptotic law could simulate the (0?)"10 pehaviour in the pre-
asymptotic region. However the same T = 2 wave fit,ction gives too small predic-
tions for the inelastic structure function VW,, indicating that we cannot reach
for tI.: mament definite canclusions. lLet us note that as for the case of the lHe
charge fomm factor, there are important uncertainties induced by the insufficient
iaowledce we have of the nucleon electric form factors at high mamentum transfer.

lastly, allowing percentages of six guark admixtures in the deuterun_wave
function induces large contributions on the elastic form factor at high ¢® which
could be used to revelate these exotic components’).
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_ig. 16. Possible mechanisms contributing to the deuteron elastic form factor for
large Q2. (a) democratic chain, (b) quark interchange.

6. Polarized electron scattering on polarized protons

I will present now an experiment which may be is slightly out of the damain
covered by this Conference., However, I think that it is important to us because
it demonstrates that same experiments involving polarization are presently feas-
ible thus opening the field of spin nuclear physics with the electrumagnetic
probe. This potentiality has been made reality by the advent of polarized electron
sources and by the progress on polarized targets which both rely on advanced tech-
niques in condensed matter and atomic physics. The Yale group experiment’?) at
SLAC utilized the Peggy I '?) polarized electron source which is based on the
principle of photoionization of aligned gm atams. The polarizaticn of the elec~
tron beam was 80 § and the intensity was typically 60 uA. Peggy I was preferred
to the Peggy II source, based on the photoemission from a semi canductar
(Ga As) {lluminated bx polarized light, which was utilized for the parity-
violation experiment®’) (polarization : 40 %, intensity : several hundreds of mA),
because of the radiation damage produced cn the proton polarized target by the
high beam intensity. The problem of finding radiation resistant materials for
polarized targets is central to the development of polarized experiments. The
butanol-porphyrexide polarized "protan” target operating on the principle of dy-
namic nuclear polarization had a 1/e degolarizing dose of 3 x 1014 e/am2 ; it
required annealing every three hours and subsequent repolarization. This severe
limitation is presently being surmounted : recent experiments at SLAC “') have
shown that the rediation damage to ammonia NH}) is significantly less than for
. butanol (i/e depolarizing dose larger than 1016 e/an?). For a discussion on
recent progress achieved on polarized electrun sources and polarized targets we
refer to the Proceedings of the Lausanne Symposium on polarization®?),

What follows is intended to give same insight i{n the kind of new information
polarized experiments can produce. For instance inelastic electron scattering of
longitudinally polarized electrons off polarized protons allows investigating two
new spin dependent structure functions GI(v,Qz) and Gz(v,Qz) .




The quantity measured by the Vale group experiment at SIAC is the asymmetry

dzo d2

. 2 _ 2 2
A= m 4 Wf M(E-E wsS) G (\),Q ) Q Gz(\J,Q )
2 2 =
e, ,do ., W, 42 5 ue)
&dE” KGE

for deep inelastic inclusive scattering for protons polarized parallel or antipa-
rallei the incident electren lengitudinal polarization. The kinematical range
3.5 < Q"< 10 (GeV/c)? and 2 < W < S GeV was covered.

Because of the 10° forward angle kinematical condition, the quantity essen—
tially measured is the transverse asymmetry

T T 2 _
=°1/2-°3/2~-QGZ+‘"‘.1
A T LT W
12 3/2

for photocabsorption of circularly polarized photons into states with J7 = 1/2
and Jp = 3/2 (yt + 24+ g Y+ + P4 = gy 1), Like Wj and W2, G} ana G scale
for ;gh Q2 so that Al(v,Qa{z- Al(x) where x 1s the Bjorken scaling variable
/249.
In a simple quark-parton interpretation the absorbed virtual photon will ne-
cessarily flip the spin of the ?uark for anqular momentum conservaum Yyt +qy +~ g¢
ar yv +q+-q+ ; vytg* and y*g¢¥ cannot interact.
The two transverse cross sections are expressed as

3/2 ~ "qif (x)

&
%12 ~ Zqi.i(x)

| is the charge of quark of flavor i, f,(x) and £; (x) the probability of
finding the quark i which carries momentum xPp(ic1ecn with helicity antiparallel
or parallel to the proton helicity.

The simplest wave function of a three s-wvave valence quarks proton predicts

S A LS
yielding
AEdeaeg
CEEpE i

The preliminary data displayed in fig. 17 do not seem to suppor: this simple
view, they indicate that A becames large for large x suggesting that in this re-
gion the spin of the nucleon is carried by the valence quark which carries also
the entire momentum of the nucleon,

Elastic scattering and scattering in the resonance region of 6.4 GeV longi-
tudinally polarized electrons off polarized protons were also measured, For ins-
tance the elastic scattering asymmetry reads

A-r-—lm zME[ZTM... 2(1+7) tan 9]”14-1 [1+2(1+T)tan }-J]-l
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Fig. 17. Deep inelastic asymetry Al as a function of the Bjorken variable x. The

data from ref.’%) are camared to cheoretical predictions using a symmetrical

valence—quark model*®) of the proton (solid line), and an unsymmetrical model®‘)

in which the entire spin of the nucleon is carried by a single quark in the limit
x =1 (dash-dot).

in vhich t = ¢?/0¢ and G_(¢)) and G, (0%) are the electric and magnetic fomm fac-
tors of the proton,

In principle A can _be used to measure the electric form factor of the proton
in the region Q2 >2 GeV2 where Gg is insufficiently known but present low coumting
rates prevent us fram reaching this goal ; it however allowed determining in a
previous experiment®®) the sign of Gp/Gy which is positive as already indicated
by the hyperfine structure of hydrogen. An equivalent method for polarized elastic
electron scattering has been recently explored by Amcld et al.""), these authors
propose measuring the recoil polarization by means of a second scattering in or-
der to avoid the difficulties inherent to polarized targets. They calculated
counting rates of polarization transfer experiments on hydrogen and deuterium,
intended for a determination of the mucleon electric form factors and for the
separation of quadrupole and charge form factors of deuterium.

Summarizing, polarized elastic scattering would help measuring through inter-
ference terms electric form factors otherwise difficult to reach, and separating
form factors for J 3 1 nuclei ; quasi elastic polarized scattering would give
insight in the nucleus spin structure. We can thus reasonably hope that by enlarg-
ing the number of accessible nuclear properties spin effects should offer new ways
of probing theoretical models in greater detail.
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