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* A review is given of the experimental results from .
a series of measurements at SLAC of large momentum trans- -

. fer (Q%> 20 fm~2) electron scattering at forward angles

-f¥om nuclei with A < 4. Theoretical interpretatlons of
these data in terms of traditional nuclear physics models
ang/in terms of quark constituent models are described.

_~=Some phy51cs questions for future q/periments are ex-
plored, and a preview of p0551b1e future measurements of
magnetic structure functions of 1ight nuclei at large Q

i given.

I. INTRODUCTION ' ’ 6 0

Much of our knowledge of nucleon and nuclear structure
tas beén derived from the electromagnetic structure functions ' -
measured in electron scattering experiments. The structure
functions of the lightest nuclei (A ¢ 4) are particularly im-
portant because they can be compared with our most’ precise _
microscopic theories. " As the momentum transfer is increased,
the energy and momentum from the virtuyal photon are depoSited
in a decreasing volume in the nucleus. The scatterlng cross
sections 2t large Q“ are expected to be sensitive to’ such
features as» high momentum parts of the nuclear wave functions,
relativistic kinematics, the effects=of meson exchange and
isobar currents, and eventually to the internal constituents
of thé nucleons. o W F

II. THE DEUTERON : S

s
“In ourl Flrst experlmentzcon electron-deuteron scattering,
incident-électrons with energies from 5 to 19 GeV were sent
through a 30 cm long liquid deuterium target, and scattered
electrons were measured at 82, Elastic cross sections were

* Work supported, in part by the Department of Energy under
contract DEZACO3-76SFGG515 and the National Science
Foundation.
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measiired in the momentum trar‘sfer range 0. 8 to 6 GeV2 (20 to
160 fnrz) by detocting the scats ered electrons in coincidence
with the recoil deuterons LJusing two large spectrometers. The
coincidence detection method was crucial to the success of the
elastic measurement and produced nearly: background-free d taw,
down to cross sections of 10~38 ¢m /sr

The tross section for,elastic scattering is given by: .

»

v do . S . -
‘ B e e fA(Q ) + B@Y tan(e/2)] (D) |

[

Scattering at 8° measures the function A(Q ); : [

= ¢
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II.l. The Deutefon A(Q%) ~—=

In the past two main goals of elastic ed scattering-have
been to differentjate between deuteron wave function models
and to détermine_the neutron”electric form factor Gy using
sthe nonrelat1v1s€it impulse approximation (NRIA). The nucleon
“form factors enter A(Q ) through the isoscalar form factors .
squared, The largest contributions come from terms ‘propor-
tional to the square of the isoscalar electyric form factor;
Ggs = Ggp + GEn. _The proton electric form factor, Gpps is
measured out to QZ-3 GeV2 (where the error JisZdearly 100%)
and is consistent with the-dipole=shape. The neutron Ggp is
unknown above Q2 1 GeVz, and below that isCvery small, per-
haps consistent with zero except for the slope at Q*=0. The . BN
beating of the small Ggp 2sainst the larger and generally
bettér known GEp in the squared GES makes A(Q¢) sensitive to
small variatlons in Ggy. o

The deuteron A(Qz)yat large QZ is, however, quite com=
plicated, and straightforward tests of models of neutron="
structure and n-n potentials-aré not so easy. _It is expected o
that at largé Q2 the meson exchange currents (bTC) and perhaps
the .isobar currents, caused by mutual excitation of the .inter-
nal degrees of freedom of the nucleons, should make some con-
t;;hytibns to the form factors. Also at large Q“a correct
description of the scattering requires a relatlvistlc treat-
ment. At very large Q° (how large is very large?) the inter-
nal structure (quarks?) of the nucleons may detérmine the
structure functions and a truly "first pr1nc1ples calculation
would start with the quark currents. To date.-there does not
exist such a complete calculation, but we do have some advances==
to report,

II.2. Relativistic Impulse Approximdtion

There are several approaches, in the language of nuclear
physics, to a relativistic impulse approximation (RIA) calcu-
lation of the deuteron structure functions. Two effects must
be included: (a) relativistic kinematics, and (b) at " -ist

A
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one nucleon must be allowed to be off the mass _shell.. One
method3 is to start with covariant formulae and then transform
away the negative energy states \leaving results expressed in
terms of ‘corrections to_some order in (Q/m)<.-- F. Gross, in a
series of papers,'® has adopted an alternative approach where
he keeps the negative energy states and makes a complete cal-
culation including contributions from the small components of
the deuteron wave function (P states).

The RIA calculatioh\abewins with the covarlant diagram
7of Figure 1(a), which 1nc1udes the three time ordered diagrams

- of Figure 1(b) where the interacting nucleon is allowed to be

off shell, This approach includes in a natural way to all
orders in (Q/m) or (v/c) both the standard impulse terms and
the terms where the photon splits iato nfi, which are viewed in
other language as ‘the MEC pair terms.- It does not include the
genuine MEC currents of Figure 1(c) or the isobar currents of
Figure 1(d). Four invarlants are required to describe the npd
vertex, and these can be written’so they have the character of

+ wave functions+ Two of these functions gre the familiar S and

D state wave functions, u and w, present, in the nonrelativistic
treatment, and the two:-additional wave functions are P states
associated with the extra degrees of freedom present when one
nucleon i% In the ‘virtual Dirac states.

s

@ The relativistic formu-
lae=for the charge, quadru-

functions, Gg, GQ, and Gy,
are derived in a general way
and can be evaluated with
any deuteron wave functions.
In particular if one chooses
to neglect the P states, the
formulae give the deuteron
structure functions to all
orders of (Q/m)2 for any
choice of u and w. A com-
plete calculation requires

a set of 4~component wave
functions. The relativistic
© i formulae have been evaluated
impulse approximation, (b) numerically® using the deu—
three nonrelativistic time- teron models shown in Figure
ordered diagrams included in 2. The 4-component models,
the RIA. Backward moving indexed by the mixing para-
lines are anti-particles. meter A, were obtained by
(c) and (d) examples of two Buck and Gross® from solu-
processes not included in the tions to the relativistic
RIA. ~{¢)j7a mesan exchange wave equation. The P states
diagrams, (d) the isobar con- are numerically small (0.5
tributions.

o) &)

Figure 1. (a).The relativis-
tic Feynman diagram of the

pole, and. magnetic_structure— . -.
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Figure 2. A collection of deuteron wave functions. . e F °
(a) The S state,«(b) the D state, (c) and (d) the two
P states.

The Z-component models are: Reid soft core
(Ref. 9), thfee Holinde-Machleidt ‘hodels (Ref: 7), two
Loman-Feshbach:models With différeit % D state (Ref. 8).
The 4-component .Buck-Gross models (Ref.”6) are labeled
with the mixing parameter A, which determines the form
of the w-n coupling. For A=0, the coupling is puré
Y5Yp» for A=1, it is pure Yge ’

I = ‘ P ; e
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. to 2 percent of the £8tal‘wave functi;n) but at large Q2 they
can make appreciable contributions to the® “d¥Fucture functlons. ‘
ALl the models in Figure 2 have S*states which are very simi-
lar, with the exception of the boundary condition models of .

o Loman=£nd=r€’ﬁbach8 vhich have a sharp diseontinuity at 0.7

fm. The size and sqawe/of “the D states vary con51derably, and
it 4s primarily §his\v§r1ationiwhich 1s reflected in the model = -~
depéndence of the structure func?ions. :

To investigate the effects of relativistic kinematics
without the inclusion of the negdtive energy states, the
. relativistic formulae were evaluated using.the 2-component
models in Figure 2, The results for A(Q2 ) using dipole nucleon i
form factors with GEn==0 are presented in Figure 3. The" ’
B effects of relativistic
. o ° kinematics on A(Q%) are
shown in more concise form

i . o I(&“*5{7, ~ ,in Figure 4 where the ratio
. 104 2 4 s 8 of the relativistic to the
E L B R nonrelativlstlc results are
F% Al02), —— RSC-NR 3 plotted. The relativistic
E .m_ﬁﬂxﬂﬂm “kinematic correction de-
£ —— HM1 - creases the value of A(Q%)
3 _ I out to Q2 about 140 fm-2,
N T —r LF457%D and this correction is
3 == LF520%D fairly model independent
E out to Q2 of approximately

100 fm~2; The effect on
the individual form fac-
tors GC, Ggs and. Gy is

o generally to shift the

§ ° position of diffracrion
miniina to lower Q and

“= incteaSe the height bf

the following max1ma.

ot g g

Figures 3 and 4 re~

IR
1o Le 1 ‘ . N o )
veal the ba51c problem

. @ {2 w7 with A(Q?) in the RIA
i S E Ty using dipole form factors
Figure 3. The deuteron elastic with g, =0. ALl the®

"'models give results which

structure function A 1u-
ucture tuneE (@) evalu fall below the data by

ted in the RIA using the 2-com~
poment models in Figire 2. The . factors of 2 to 10. The
curve RSC~NR, determined from K'OYerell effect of relati-
the nonrelativistic Reid soft i vistic kinematics is to
core model, 1s presented for . depress the nonrelativis-
comparison. Dipole nucleon tic results and further

form factors ‘were used with widen the differeace
GEn’j’ 0. between the data and

theory.
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Figure 4. Relstivistic kinematic

corrections to the structure

function A(QZ). The ratio of Ao

calculated using ‘the RIA formulae

to A calculated using the non-

: relativistic formulae is given

= - for each 2—component model in
Figure 2. @

5 &

X Figure 3. The deuteron
# elastic structure func-

tion A(Qz) evaluated in S

~ the RIA using three of
the 4~component models
ffom Ref, 6. The RSC-NR,
curve is the nonrelati- ~
vistic Reid soft tore
result, Dipole nucleon
form factors were used
wideEn=0.

Tog

"

» Results for A(Qz)

using three of“the Buck~ B
Gross 4-component models®
_are plotted together with
“the Reid soft core nonre-
=~ lativistic (RSC-NR) result -
.in Figure 5.“ The P states

tend to have‘theropposite

effect of the relativistic

kinematics, i.e., ‘they

shift diffraction minima ;

to higher Q2 and- lower the =

height of 2nd dlffractlon

maxima. The present un-

certainty in the form=of

the off shell m~n coupling

%ill be eliminated when

the n-n phase shift data

are analysed using the

Gross relativistic for-
Pallsm. °
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1.3, The Neutron Gp, -~ ) L oe

=~ We have also investigated the sensiéivity of A(QZ) to
various choices for the neutronm Ggp,. In Figure 6 is‘an”example
of A(QZ) evaluated with 5 different versions of Gg, displiyed

in-Figure 7.

Q2 [(Gewc1?]
2 4 !

(o] ) 8

107} T T T 1\', TR

A(Q2 3

4 [ (: ! A:0.9 q

o E —— Digole E

= =gl s 3
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Figure 7. Various esti-
mates for the neutron: °°
structure function Gpp. =
The curves are: Best
Fi{t, from Galster et al.
(Ref. 12); IJL from |
Ref.10; and F1,=0 §
J.ﬁeading"tb\we form |

. For
comparison the dipole
curve for GEp 1s also
shown,

» @8bove.

. 02 (m-2)

The results for the dipole form with Gg,=0 are

too low .as described

The IJL parameteri~
zation " for Gy, was deter-
mined from a fit to the.
neucleon form factor data
excluding Gg, in a vector

O dominance model. Their
result for G, goes’through
zero and becomes negative
above Q2= 38 fm~2 with

_absolute,value comparable

“to Ggp. Therefore Gpg goes
through a sharp minimum at

7 N g

/

4 »

Figure 63 ’ The déuteron
A(QZ) evaluated in the

" _RIA using the 4-component
model with A = 0.4 and
five versions of the
neutron structure func-
tion GEn presented in
Figure 7. B
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'S about 85 fm'z, which introduces a sharp dip in the stricture- S

° functions in that region in -addition to those due to the body

form factors. As Figure. 6 indicates,,the data for A(Q%) seem ° ] .Gl
= to eliminate Lhe possibility oﬁjsucn a di @

As an example-of what we regard’as a %ore reasonable
' neutron form°factor, we used a collection, of nucléon form

s °  factors we call "Best Fit".1} It is not the result of a com-_ .
prehensive fit but each curve does accurately represent the . i : R
avaifable data: The Gg, is taken from the iit by Galster, et
al. ﬂ To display the sensitivity ‘of A(Q2) t variations in
GEn around zero, we have plotted in Figure 6‘two Begt. rlt

> ecurves, oné with and one without Gp, set touaero. rinally,
the curve.labeled "Dipole + Fip = 0" is an, attempt to indicate
whatlpossible form Gy could take to give agreement with, the

©

0

v

\ = A(Q )} data. The assumption that “the Dirac form factor Fy, is . &
equal Lo zero 1s’ consistent with the predictiop of the symme-
B tric quark model?zg the nucleon valetice quarks are all 1n 2 .
K ' a spaclally symmet ic ground state. @his\glves, with T=Q /4Mn
3 . ) & = “ o
o Go R GEn =: TGMn’ = —unTGEp u n . (2) B . s
_ - — 6 0 3 ﬂ ° e ’
- ® The resulting curve for Gg, in Figure 7 i= about a factor of ) &

two higher than the Best Fit value, and 15 at, the upper edge
of thg large experimentall? -error bars in the Q4 range up-to o -
1 Gev2, \\

o From Figure 6 we concludeﬁthat it 1s~p0531ble, assuming
< _ for the mément that genuine MEG contributilon® can be ignored,
~ to get fairly good agreement with the dati‘u51ng reasonable o ., <3
values for Gg,. However, thecgenuine 1soscalar yEC30 (Figure : \
1(c))”’ may also be important at large Q°, and a straightforward
deduction B GEn‘from this calculation is not poE51b1e.
== R

II.4. Observations on the deuteron A(Q ) i

To summarize, the deuteron A(QZ) at large Q presents a . e
=

° - rather complicated problem. The overall size ofl| the featurd-
a less “curve depends in a complex way on mary ingredlents. The
°  individual form factors Gg, GQ, and GM have sharp diffractive
features that are sensitive to the details of the models, but
unfortunately“this sharp structure is completely’obscured .in
the total A(Qz) At present all the reasonable two-body ) °
potential models give NRIA reSults for A(Qz) whikh are sys= [
“ tematically tod low when dipole nucleon” forfl factord are used
o R with Gg,=0.: This deviation is increased when ﬁelathistlc
7 kinematics are used, The uncertainty in A(Q<) from uncertainty
. in the size of Ggn is large andocéuld possibly dccount for most )
of the discrepancy; The main outstandlng problem is the in- T
clusion of the gentine MEC contributions (Figure l(c)) in a

comprehensive relativistic treatment. B 4 o cme e

<
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@



file:///jith

i o

R R R AT T L TS R e e . // —_—
4 CISCH . ['/ ~

oy

B - : III. HELIUM . °
2

v ' Electron scattering from e a(r\ld l'He at large Q2 wis 3
cently measured®® at.SLAC in® a manner similar to that for
2 *déuteron’ with elastically scattered electrons detected at . -
oim coincidercg with? the recoil nuclei. For elastic scattering © B
o ) _at small angles, the cross section for -“He 1s given mostly by
R the fuaction A(Q?), which in terms of the charge Feh and
= magnetic F, mag form factors :I.s. L

= ‘ s = [Rs uz‘Fmag]/ s

=

For the spin zero bHe,’ Af=F ch* " i PR P ey

. Prior to this experiment theré existed soneth/m" llof a h
T, TE— crisis in t:he 3-fbody problem. Using any of the reallstic n-n i N

= potentials in Faddeev or variational 3-body calculations does
not give good sagreement with the aHe charge form factor. The &
theoretical minima are at too large Q2 and the helght sof the
N . second “maxima are teh small by factors of 3 3 to 4. ° This sitba-

» by tion is somewhat=ifproved by the addition of the MEC correc=
_tions, 17518 but still the disagreement persists and is re- i

<

- garded as a serious problem.

N o The present s:.tuation in e is, summarized ‘in ?1gure 8.

T The Faddeev calculatigns!5>18 give Fch a factor of 4 to 10 7
below the data from Q< 0.8 to 2 GevZ. These theories predict

R ° - a=2nd-diffractidn minimum around Q“=2 GeV%, but it is not e by

S possible to state cleagly that such a feature is visible in ° 2 oo

.
u

£ N

BN Q2 Eseé//clz]

Q
[=]
n
>
(7]
5
£

W,

10° — " 3 1 “f B
Figure 8. JHe A% data at -~ =
large QZ“(Ref 13), to- %é'\\h ;
gether w1th previous data /:/ ;
(Ref. 14), and thecretical A Y o G
predictions for Fepoand A%, 7 g
The curves are: sélid, Fqp B 7
Faddeev®(Rgf: 15); dotted,—~+ .
Feh Faddeev'(Ref. 16); dot-
dashed,, JFaddeev (Ref, 15)
plus MEC (Refl. 17); small .
dashed, A%’ DSQ‘il (Ref. 19), o
large-dashed, A% RIA:\
@ 20). > [
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- the mew data.
Figure 8 is that the thebretical contribiitions for Frag -at
large Q° were not availafle at the; time ghat figure was pre-

i

"~ the

Ppared, and Fpag 1s not measured beyond Q“=0.8 Gev<,
calculation2! of Fy,e using Several n-n potentials in a“
tional approach:indicatesothat above Q<=2 GeV
! dominant.term in A(QZ), completely altering the shape of the
The total A(Q

=2ndsdiffraction fedture from F.p.

ever, stirl

to 2 Gevz, which remains as a serioy

V4

I. Sick has:made the observgt
second maximum in the.3He T ch 1€ correlated with.a dip in the
nuélear charge density {also in thé one-body density) neat the .

too low by factors of 2 to 4 in the Q
problem. o

22 that the height of ther

One difficulty with ?ﬁe interpretation of

» Fnag is the

% is, how-

Otigin this is not predicted in the Faddeev and variational
This disagreement could indicate that either
there is not enough repulsion in the present modéls of the

calculations.

int
the

tions which somelow push the protons away from the origin
This would give more of a squared-off ?dge at °the nucleas

radiys which would enhance the.size of
‘maxina? " The overall_situation
The: present few-body ; calculations based on realistic V"

for 3He.

the “secornd dlffraction

region 0;8

A recent
aria-

eraction between pairs of nucleons at ‘short dlstances, or .
t there are three—body interactions that intrpoduce correla-

ip 4He Fep is similar. to that

n~n potentials, while admlttedly in a more, prlmitlve state tgan

for
low
issue.y
1y
Iv,

by factors of 3 to, 4.

© “ﬂ:'

the 3—body case, give Fop with second naxifia that are too

For “He there is no Fmag to confuse -

2

ASSYMPTOTIC,FORM FACTORS - QUARKS IN NUCLEI =

) .- .
It is-fairly evident now that nucleons are in some sense
made of pSintlike charged constituents.--The general picture 7

of hadron structure emerging from recent discoveries at ete~

storage rings and the grow1ng£body of. deep inelastic _and high

transverse momentum data iscone

of
flavors bound via exchange of col?red gluons into the familiar
hadrons ascolor singlet®. The gauge theory of colored quark&ﬂ
and gluons, quantum’chromodynhmics (QCD)
underlying theory of strong interactionss
attraction betwgen qparks leading to the apparent confinement
of the color fields.is not understood,.but at short distances

the interactions are weak (asymptotic freedom) and perturbat1on

theory: works.

e 2

LF A

i,
3]

colored quarks of various

4

is emerging, as the
The 16hg range

The growing. confldence/in +he QCDamodel for hadron. struc
ture leads to the p0551b11ity that the 1on°—stand1ng questrons
about the n-n intéraction at shorii.disfances may be soon uuder—»
stood in terms of a fundamental thedry.

In the ‘rnuclear phv:ics
picture, nucleons are usually considered as elementary fer mlons

moving in the nuclear potential and surrounded by clouds of

mesons. __Th; The nucleon internal structure’is treated phenomeno—
3 50 )

o



[ B o\ 0 B ,," ) e . e 3 ) “%“ J( Q&
logically in terms of various ‘form factors.° Thé nuclear :
potentiai is pictured to arise from the exchange of various- ’ e
. nuubers ‘and types of mesons with the long range interaction *
= " e described well. by the one-pion-exchange potential (OPI:P) 3
. = 7  In the, qi.\nark picture, the nucleons ‘are tightly:bound color- .
/ a .+ singlet states of coldred quarks and gluons. Nuclcons inter— = v =
cact by exchanging quarks and gluons. At short-distances the’ . =
P " —z meson exchange picture becomes uni ononical because too many ‘ ;e o
compléx exchanges of “heavy mesons, are required o give an o o
adequate description of the very complicated i,-\\Eeractions. TR g
At long range (r > 1 fm)=the quafk picture i§ mot so useful * 7% v ob
because in that region the nonperturbative and poorly ynder- :
stood long range attraction between ".qUarks which binds them . ) a
into mesonsq dnd nucledns, riust be ‘taken into account. Fér" n-n_ = "
u interact.ions at separations less than 1 &m, the.nucleons . B ol s B
(radius ~0.9 fm) strongly overlap and’ the quarks intermingle. B
In this overlap fregion, which is probed by high mepmentum . < ’ ) “
- : " <transfer experiments,” the’ quark currents may,be a 4618 useful- = so©
. “%  -basis for a descriptidn of the structure than the. henomeno— -
= e G 1ogica1 meson currents. At intermediate Q¢ the two. pictures "o
) ° shouldu be complimentary. ° .

a - B - [ a o
o e J)There aré sew?eral approaches to quark models of nuclear a e,
s . = stgucture. ° The dimensional scalifig quark model (DSQM)19 was : g
- developed mainly’in, an attemptsto und@rstand the large body )
of high energy and large transverse momentum data. The pri-.. -
. » mary prédictions of the model are that hadrnnic elaextic and o
-inelastic structure functions fall with dntkeasing momentum -0 °
p transfer, Q4 according to powers of Q4, where the power is = b ~ ey
determined by~¢ounting-the number’ of quarks participating in « e PP
A . the reaction. The qUark counting rules-and powerlaw fall off ~ Lo 3

variant interaction of the pointlike constituents at short «
distances. The® DSQM predicts the ¥hape of (spin averaged)~” o
" electromagnetic form factors, which are a special case of the &
. gengrial structure functions,-to fall with a power of Q2 like s '
= E H B . = o
o ; L=, . ¥ 1\l 7. 0,
N\ B ‘ A% = FH~(?) . N O I . ]
3 iy e 2 =
“ ? : = El ‘ = ° & . L
PR . where u is the number of quarks im the hadron. One additional .
== power of Q is required in the form factor for each’ quark that : s e
' must change momentuy in the scattering. “ 5 g
s . : Lo
s o What evidence do we have for the powerzlaw fall off of . °
- - hadronic form factors? -In°Figure 9 are plottéd the world’'s ¢ N .
d data for the hadron form.factors for'A s & divided by the \//; fg ©
DSQM prediction. The 7 and proton data closely follows “the ’ EN
predicted power law behavior: The deutefon ‘appears to be ©s
approaching the asymptotic shape above Q% =4 GeVZ, while the’ B “
e and, He data are so far known only in the preasymptotic “ i a
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suggest thet somewhere ih, w4 = o -
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GeV* the nucledn quark - - a o
donstituents determine ' <
the ‘shape of ‘the nucleaft 5o
structure functions.?¥ - - c
<= The qiark counting ° %n ° 20
models are able to predict f o
only the shape of the - s,
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; fo‘ e gnqg Brodsky s, °
. i kets24 havg .-
R R ety derived the DSQM s -
Figure 9, Elastic electromag- = ° - '
, netie form factorsiof hadroms, ﬁ:.i:: c?::;iifignz ng“” T
atzld nuclei with A < 4 for large - * detin Serastic lc E e °
&, Sivided by e s model | gpElaE prdcesses a¢ lavse LT o
»

The curves' sim ].:con.nec‘t the
e g 00D model .= _Their results .

data points. e e g s e ﬁ"%‘: >
o = giver mesoniand nucleono "
T : ~“form_factors®which ‘contdin

the power law terms of ‘thegDSQM, plus tems cgnraining o

* logarithms of the QCD co.;pling ccnstant that give smill vio~ -
lations 6f perfect smaling at large They suggest that°
exclusive form factors at large Q' ure a prime testing gn‘ound
,for the predictions of.Qcn, for example,, in fHe_proton. above
Q2 of 4, GeVz. It 18 unlikelypth"'at clear ngests 'of oertur“bative
‘QCD will be made at the relatively low Q2 attainable=;[n seat— .
tering from nuclei.  However, such data will clearly ‘bear on
the collective aspects ‘of QCD and .yill i1lluminate the transi-

tion to, ‘the region where pérturbation ‘theory and the scaling

© L

ideas work. B ) B 4

o

Another approach %o nuclear structure’ “in the quat 1'nodel°Q
is id the context of the so-called’bag models, 25-27 in Parti-
cular the recent workZSbe C. DeTar. He has studled ‘the
interaction of six quarks wlth the-isotopics of the deuteron
in the MIT bag model. He' used the“s;atlc cav1t)(3approx1matlonc
and looked at the total energy of the system as ‘the separatlcn
between the centers of mass of the neutfon and -proton quarks
was varled. The 1mportant\result is that the total energy has
a minimum~£671° niucleon separations dréund 0.8 fm and tises at
larger separation due to the color-electric force.. At small
separatfons in the region of the repulgive core, the energy N7
rises due to the color-magnetic interaction between the quarks.
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DeTar has recently extended26 this work and be gets directly ”Q -
= _tfe correct sign for the tensor force and; the deuteron quadru- Qky‘%‘k
Jﬁ
polefhoment from the basic quark-Juark inCeractions. i
Q G

® 8o far the bag fsiodel isonot able to[yroduce deuteroﬁ‘fo"m ¢
factors at. large Q2 because at 1s not clear yet how to do’ & -,
dynamical calculatiohs to 1v'&udc such: phenome a as bag surface §
oscillations andxnecqil»of the bag systém.. Also, the long
range interactlon between bags, which should ‘reproduce the o B
v° well established OPEP. interaction, is not treated in the MIf » .- L.
models.. Some of\thﬁee problems are being actively ipvesti- o ‘ 5
glted.27 It is evident from the bag model stud;es and the QCD’ .
calculations of asymptotic form factors that the old. questlons' )
° about the nature of tlie n-n interaction inside 1 ‘ferml are’
" being explo¥ed from extiting new poings of view, These in- B .
*  vestigations will undoubtedly be ext@ah ed in the near future, h o
and could eventually lead to a comptel 'sive theory of nucleon .
= 1nteraction gtarting, 'with ‘the quark cutrentg. "It is also clear o .
e of the: electromagnetic currents in the few nucleon ’
1arge Q2 electron 'scattering will provide crucial
necessary to shape the development of these 1deas.
W

STTONS FOR FUTURE EXPERIl\mNTS °

ete are Several optidns for futhre experlments in this
 data for °A(Q4) at “larger Q Ois not ‘a likely possi- 2 R
e present 1imits, determified by low cross sections,
e edgexof feasibility for-the ‘present genmeration of . ¢
grs, spectrometers, and targets. The ulfimate limits
/ geometry (solid angles) and the tolerance of targets
) 3 “There are perhaps factors of 2,
clever design and lots of money, but
of magnitude. .

VT
.

; f the deuteron Gg and Gg would bé of enormous
: 4ng the present con%u51rn in A(Q ).
° ¢ ’ . There are two pessible experimental ‘methods. In-one case,
unpolarized electrons are scattered from a polarized target, o
and in the othér the distribution of polarlzatlon of the )
reuoil deuterons following scattering from unpola\lzed elec~ = N
tro“s must be measured. Figure 10 shows the recotl deuteron .
tensor polarizat1on,28 T(Q ), calcplated® using t e RIA and
-various 2-component models. In tle recoil tenmsor ﬁe}erlzatlon,
Gg 'and G are beat together glving a durve sensitive=td the i
diffractive shapes, particularly the shape of Gg. To first
order T(Q2) is“independent of the nucléon form factors. The
model dependence evident in Figure 11 is mostly due to varia-
i g tions in the shape of the D staLL, and one might hope that a
i °  measurément of T(Qz) around Q =1 Gev? would be decisive in
! . digcrimlﬂating between potential models. jHowever, the size
of the P states in the; relativistic treatment also make similar
variations in T(QZ), 4nd it can be expected that the MEC will
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Figure 10. The deuteron recoil tensor polariza-~
tion T(Q?) evaluated using the relativistic
formulae of Ref. 5 and .the 2-component deuteron
models displayed in Figure 2.
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also have similar sized effects. The%ﬁfore,’a measurement of
T(Q“), while it would certainly give added constraints, would
probably only narrow the choices ratEer than make clear dis-

tinctions between models.

Unfortunately, there does not now“exist a technology for
either polarized deuteron targets which can stand the high
beam currents necessary for low cross section measurements,
cr a.deuteron polarimeter with known analyzing power for use
at ' large recoil momentum. Separation of Gg and Gq will await
developments 1n these fields;® X

Another pnssiblthy §s to measure the magnétic structure
functions at large Q by doing backwpard angle electron scat-
tering. 29 The B\Q ) functiong 6f the light nuclei can be
easily isolated experimentally, and in the impulse approxi-
mation “they are expected to show sharp diffractive features
in the Q2 region 0.8 to 2 GeVZ, The exact position of the

" minima and the height of the,second maxima are strongly re-

" currents. For example, in the calculation of Gari and Hyuga

lated to such properties as the shape of the D state, the
naturé of the;nih coupling, and ‘the presence of the exchange30
for the deuteron, the MEC completely alter the shape of the
NRIA diffractive features in B(Oz) by filling in the minimum
around 40 fo~ Some of -the nonrelativistic predictions for
the deuteron B(Qz) are shown in Figure 11. The present
measurements? extend ‘only out to Q —-25 fm-2 where the experi-
mental error is nearly 100%.

The predlctlons for 1arge isoscalar MEC effects in the

- deuteron” B(Qz) can be compared to the similar effect of the

isovector MEC on the electradls1ntegratlon cross sgction at
threshold in the same Q /ranoe. In practice any measurement
of B(Q ) will be accomp fiied almost for free by a measurement
of the inclusive spectia: A direct comparison of the elastic
and threshold inelastic cross sections at large Q“ could place
storng constraints on possible MEC currents.:’

Several predlct:lons‘B »31 are available fot Fpag in 3ne
and 3H, Barroso and Hadjimichael3! indicate, for example,
that the interference between the S and D state parts of the
3-body wave functions cause the location of the diffraction
minima in 3He and 34 F mag to shift down in Q by 6 fm~2 in the
Q2 region B to 20 fm~2. Bhile the MEC contributions shift them
back toward higher Q2 by comparable amounts. The structure e
functions of d, “He and “H are all tightly interconnected.
Comparison of hloh Q2 magnetic structure function measurements
in all these nuclei would put strong limits on the models, and
could perhaps give a clué to the source of the current problems
in the A(Q4) functions.
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~VI. POSSIBLE FUTURE EXPERIMENTS

We are proposing29 to measure elastic and inelastic
magnetic structure functions of the light nuclei in the Q
range 0.6 to approximately 2 GeV4 at SLAC using 30 to 40 cm
long targets and the Rosenbluth method at angles from 35° to
1559, The cross sections” are expected to fall to the level
of 10~36 o 10=40 cm2/sr in that Q2 range, and it is absolutely
necessary to have high beam intensities in the energy range
0.5 to approximately 2 GeV and to use thick targets to achieve
appreciable counting rates. . .

To provide a high intensity electron beam we are propon n~
to bulld an off-axis gun and in-line injector at Section 26 ~
the 30-Sector linac. The new beam could have a maximum, (un:
loaded) energy-of 3.5 GeV and a maximum duty faetor of 5.7 x~"
10~4 at 360 pps with a 1.6 us pulse length. At 100 mA peak
current, the beam loading would reduced the maximum energy to
2.9 GeV. By installing the new injector nmear the output end
of the linac, it will be possible to deliver beams with in-
tensity increased 10 to 50 times over what is presently
available at SLAC in that energy range due to the shortened
length of accelerator contributing to beam breakup. -

'This new beam will fill an energy gap in high intensity,
low duty factor electron beams for nuclear structure physics
between the range of the Bates-Saclay-IKO machines and the
present high energy SLAC beams. The low duty factor limits
the use of the new beam to single‘arm inclusive reactions or
to highly correlated (elastic) coincidence measurements. We
are also considering for possible future proposals.to add a
radio-frequency energy compression system that could compress
the momentum spectrum of the beam to a spread of .01% dp/p.
For the present we propose to do elastic scattering in coin-
cidence using two large SLAC spectrometers, and also to do
a longitudinal-transverse separation in the threshold and
the quasielastic region in single arm measurements. This
data would cover the Q“ region expected to contain sharp
diffractive features discussed above, and would be_important
evidence to guide our ideas about the nucleon-nucleon inter-
action at separations inside 1 fm and about the meson presence
in nuclei.

VII. CONCLUSIONS

Data on electromagnetic form factors of light nuclei at
large Q¢ are uniquely available from experiments using high
intensity, high energy electron beams, and they can be readily
performed using the gresent generation of low duty factor
accelerator. High Q% measurements probe the nuclear systems
in the region of overlap between nuclear and quark physics, 1
and .such data will compliment the new results at lower Q \
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soon to come from more complicated coincidence experiments
using the next generation of .lower emergy, but higher duty
factor, accelerators now being developed in laboratories
around the world. 5 .
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