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Abstract

Some aspects of using polariged electrons and/or
polarized targets in electron-nucleon scattering
experiments are discussed, Polarization measurements
can be used to extend the know}edge of pucleon form-
factor measurements to higher Q° and are indispensable
for a model-independent extraction of the helicity
amplitudes of exclusive meson production. Measure-
ments of polarization asymmetries may also help in
revealing the excitation of weaker resonances.

I. Introduction

The study of the electromagnetic couplings of the
ground state nucleon and its excited states should be
an essential part of any research program to investi-
gate electroweak interactions with nuclei. The ulti-
mate goal in studying the ’elementary’ process is to
obtain information on the 7 NN vertex. Detailed
knowledge of this transitionprovides the data base
which is necessary for the interpretation of elsctron
nucleus scattering at high momentum and high energy
transfer. The understanding of nucleon-nucleon corre-
lation, e.g., will depend essentially upon our under-
standing of the role played by nucleon resonances in
nuclei. Btudying nucleon resonance transition is, on
the other hand, very important in iteelf, The knowl-
edge of the Q° dependence of the § NN* transition
appears crucial for the development of more realistic,
QCD based, interquark potentials for light quarks, and
finally for the definite implementation of QCD to had-
rons at intermediate distances where non perturbative
effects have to be taken into account.

II. The Electric Formfactor of the Neutron
and the Protoen

The hadronic current in elastic electron nucleon
scattering is specified by the electric and magnetic
formfactors GE(Q’) and G (g%) . The knowledge of these
quantities up to the hiéﬁest possible q’ is not only of
fundamental importance fcr testing microscopic models
of the nucleon and its electromagnetic coupling, but
has strong impact on the interpretation of electron
nucleus scattering in general. Our present knowledge
is practically limited to the magnetic formfactors
|GIp] and |G, | which have been measured for q’ up to
30 and 20 GeV”, respectively. GE has been measured up
to 3CeV® with uncertainties bebween 10% and 30% at
§®>>1Ce¥*. Little is known about the electric formfac-
tor of the neutron. In fact, our only selid knowledge
comes from scattering of thermal neutrons off electrons
from atoms,showing that dGnn/dQn > 0. at Q?+0. There
is some information on G‘n at g% < 1.GeV3, extracted
from elastic eD acattering!. These results, however,
are necessarily model dependent in that they depend on
the specific deuteron wavefunction assumed in the anal-
ysis. Attempts to measure ]G9n| from quasielastic eD
scattering have not yielded matisfactory resulta®. A
nodel independent measurement of G
needed.

a is urgent.,
Studying quark effects in nuclei at large Qz
will bear heavily on the knowledge of the nucleon form-

factors, since new effects will reveal themselves as
deviations from the "conventional® picture of the
nucleus.

Several ways of messuring this fundamental quantity
have been proposed. Dne way is to measure G in scat-
tering of polarised electrons from unpolariz€d neutrons
and to study the neutron r;coil polarization in a sec-
ond scattering experiment®. An alternative method is
to use quasielastic scattering of‘polari:ed electrons
from vector polariged deuterium®. I will briefly
discuss this latter method which may be of interest not
enly for use in storage rings but for external beap
experiments at Bates and CEBAF as well.

For an orientaticn of the neutron spin in the elec-
tron scattering plane perpendicular to the direction of
T the elastic electron neutron cross secticn is given

by:
§- ) s ran@)]

(P =electron polarization, P =effective neutron polari-
galion, (dr/dl) =unpolarized®cross section).
The asymmetry i% given by:

6
2 G, Gy IT(+7) tg 3°

2 iT=
G%n TGO+ 21’2(1+‘T)Gﬁn tg2 %

The appearance of the interference term allows the
measurement of ¢, if @  is known, without Rosenbluth
separation. Thi® is afvantageous in determining the
electgic formfactor because G, is expected to be
small®, and its contribution ¥B the elastic cross
section at large Q° is negligible. Fig. 1 shows the
expected asymmetry for G_ =0 and G =-1¢ /B, both of
wbich are consistent witﬁnpresent &ita at™hot® too small

Q
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1. An Experiment to Measure ng in a(;.e'n)p

Using a polarized ND_ =solid state target with an
approximately 20mW cooling power at a temgerature of
=270mK, luminosities of ~0.6410%% cn ?sec ® have been
obtained (only meutrons in deuterium are counted)u. A
cooling power of =5Q0aW was achieved at ~270mK in a
dilution refrigerator'. This would allow measurements
to beagerfgrmed with effective luminosities in excess
of 10" "ca™“sec”™ . Neutron polariEations of ~45% were
obtained in a 3.5T magnetic field". With a 5T field,
neutron polarizations of 60% can be anticipated. Using
appropriate kinematical cuts on the scattered electron
and the recoil neutron angle, background contributions
from neutrons in the nitrogen nucleus can largely be
suppressed, and effective polarizations of ~40% should
be achievable®. The expected running time of a
measurement of G, is shown in Fig. 2 for a specific
experimental setif. It is perhaps worthwhile poting
that the use of polarized deuterium as target material
has the advantage of allowing the same measurement to
be carried out with protons (from the deuterons). A
comparison of proton measurements with ND_ and NE_ as
target materials would allow the testind of efflcts
which may result from the binding of the proton in the
deuteron. This information provides a sensitive mean
in correcting the neutron data for nuclear effects.
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Fig. 2 Running time
for an experiment to
measure the neutron
asymmetry with JA =
10,02, for polariszed
target cryostats with
different cooling
power.

2. An Bxperiment to Measure an in ;(z,e‘p)

The method cutlined above can also be used to meas-
ure the polarized proton asymmetry using NH_ as polar-
ized target material. Hence the electric formfactor
GBp of the proton can be measured. Since protons can
be polarized to a higher degree than deuterons at
higher temperatures, polariszed proton targets can be
operated at much higher cooling powers and therefore
can be used with higher electron currents. With a ®He
cryostate of =10 Watts of cooling power at 1 Kelvin,
luninosities of 5°10%* cn 2sec™?! (only free protons
count) can be achieved®. The pelarization asymmetry
as predicted by QCD sum rule calculations® is shown in
Fig. 3. The expected running time of an experiment to
measure G, is displayed in Pig. 4. Measurements of
G, for Q" up to 6 Gev? appear feasible using existing
polarized target technology.
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regpectively.

In summary, it appears that with presently avail-
able polarize% s0lid state target technology, comsider-
ably higher §° values can be reached in measuring the
electric proton and neutron formfactors than has been
possible with the usual Rosenbluth separation.

ITI.

Flectroproduction of Nucleon Resonances

Studying the g? dependence of the 7 NN® transition
for the nucleon resonances gives us many details of the
wavefunction of the excited states. This knowledge is
essential in developing more realistic interquark
potentials which are based on the fundamentals of
QCD"". It appears important to obtain as much infor-
mation as possible to probe the full electromagnetic
structure of the transition, including its spin struc-
ture. Before discussing exclusive measurements in some
detail, it is perhaps instructive to recall some fea-
tures of the inclusive cross section in the resonance
region.

1. The Inclusive Cross Section ple,e’)X

It is widely assumed that the cross section for
electroproduction of nuclegn resonances would decrease
faster with increasing Q* than the nonresonant part
does., This, however, turns out not to be the case, as
can be inferred from Fig. 5, where the total photoab-
sorption cross section in the mass regiqﬁ up to Wx2GeV
is shown for small and large values of '3, T want tg
point out several interesting features in the Q
dependence of the cross section:

-- The strong enhancement in the region of
the 4{1232) disappears quickly at large
Q.

—— The enhancements near W¥1.5GeV and
¥=1.7GeV remain prominent up to the high-
est Q. The signal/background ratic does
not appgar to decrease at all over the
entire §° range.

~= The shoulder near W=1.45GeV in the Q=0
data, which is generally attributed to the
excitation of the Roper P _(1440), disap-
- 3 1
pears very quickly with §°. Already at
@’=0.1CeV? there are no indications of an
excitation of this rescnance any more.

-— At Q=)3GeV3 a resonant structure near
W=1.4 GeV seems to emerge which may even

becone dgminant over the A(1232) at the
highest Q°.

In conclusion, the total phgtoabsorption Cross
section indicates very different Q° dependences for the
various resonant parts of the cross section. The fast
decrease of the A(1232) excitation strength offers th
possibility to study the lower mass region at large @
in detail, where the cross section is mo longer domi-
nated by the higher mass tail of the A{1232). This may
prove especially important for studying the excitation

of the P11(1440) and possible other P partners
pearby. 11

It is obvious that due to the large widths and
large number of resonances (approximately 20 with
masses below 2 QeV) ipdividual resonances can in gen-
eral not be isolated ®. A program to separate and
study details of single resonances requires studying
spin and isospin structure of the intermediate state
vhich can only be done by measuring the resonance decay
products in exclusive experiments.
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2. Exclusive Reactions for Resonance Studies

Many of the lower lying resonances have a strong
single f or # decay channel. The reactions
ple,e’'p)r°(n), ple,e”x*)n and n{e,e’s )p are therefore
most suitable for studying resonance properties. The
unpolarired coincidence cross section is given by

do

— = TT[UT+ €0y + eaTTcos2¢ + {e(1+e)/2 aTLcos¢]
dEedﬂedn

T

The first and third term depend on the transverse unpo-
larired and polariged coupling of the photon, the sec-
ond term depends on the the longitudinal part and the
last term is a transversef/longitudinal interference
term. These quantities are functions of Q*, W, B* and
can be expressed in terps of 6 complex, parity conserv-
ing helicity amplitudes™™:

op = B/2k[ 1812 15,120 1Eg12e 18,17]
o, = P/2K[1E 12+ 18g17
opp = P/K Re(B 85 - B,8))
opy, = 2P/K Re[H5 (BB + Hy(Eye Hy)]

A complete and model independent determination of these
amplitudes requires at least 11 independent measure-
ments at each kinematical point. Unpolarired experi-
ments allow four independent measurements only. With a
polarized beam cne additional combination of these
amplitudes can be measured. A polariged nucleon target
allows eight sensible measurements, and experiments
with polarized beams and polarized target allow meas-
urement of five more combinations of amplitudes'®. If
one can measure the recoil polarization, e.g., if the
final state nucleon is a proton, one can obtain the
same number of combinations as with a polarized target,
fourlff which are different from the polarigzed target
case .

A separation of the various terms requires detailed
out-of-plane measurements. In addition to the cos¢ and
cos2¢ terms of the unpolarized cross section sing and
sin2¢ terms appear in the polarization dependent terms.
Also, mensurements with different orientations of the
target spin will be necessary.

3. Existing Data

Although such a detailed experimental program has
not beer conducted so far, some information, in partic-
ular on the most prominent resconances, has been
obtained from measuring the angular dependence of the
unpolarised coincidence cross section. From experi-
ments performed at the BONN, DESY, NINA synchro-
trons'*'® we bave limited information on the transverse
helicity amplitudes Al 2 and A /3 for the P 5(1232)’
8,,(1535), D, (162007 and t¥¢ P (1688}° proton
resopances. ft is well known that the 1vass(1232)
transition amplitudes drop faster with Q° than the
elastic formfactor. As can be inferred from Fig. 6,
the other resonances show quite a different behaviour.

The 311(1535) which can only be excited by helicity
1/2 in the 7 p initial state exhibits a strikingly weak
4" dependence. At 9?=3 GeV‘, the A: 2 has decreased by
only 50% of its value at Q*=0. Por the D13(1520) and
the F  (1688) the helicity-3/2 dominance at Q*=0
awitcﬁes to a helicity-1/2 dominance at large Qa, a
behaviour that is qualitatively in accordance with
quark model predictions’’, as well as with expectations



from helicity conservation in perturbative QCDI7. T.
transition to helicity 1/2 dominance seems to be =
general feature at high Qa. It is the details, how
ever, of how this transition occurs that would give us
insight into the dynamics of the multiquark-gluon
system. Yery little information is available for reso-
nances other than the ones mentioned above, and prac-
tically no data exist for neutron resonances.

D13(1520) PROTON:

Hetloity 3/2

S11{153%} PRUTONS
— MR AL i I

Fig. 8 Transverse
helicitydamplitudes
A and A for
-] vifitus nucléoh?reso-
nances, The dashed
line for 8 __(1535)
represents thé dipole
formfactor. The other
lines are results of
various quark model
calculations.
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It should be noted that the data points in Fig. 6
are subject to systematic uncertainties, largely due to
the limited experimental information that could be used
in the data analysis. Also, there are uncertainties in
the des&fiption of the nonresonant part of the cross
section

An experimental program to study electroproduction
of nucleon resonances should be able to combine very
high statistics unpolarized cross section measurements
and detailed polarization measurements of the rslevant
asymmetries, going up to the highest possible Q*. Pol-
arization asymmetries contain interference terms of
amplitudes. They are therefore especially semsitive to
small amplitudes and to relative phases between ampli-
tudes. Already information of limited statistical accu~
racy will prove extremely sensitive in determining
signs and absolute values of the less prominent ampli-
tudes. In the following chapter we give two examples to
illustrate the sensitivity of polarization asymmetries
to small amplitudes.

ransition

4. The Scalar Amplitude S1+ in the 1'2A§1232[

Quark meodels with SU(6) symmetry yield §. =0 for
the scalar (longitudinal) multipole as a comseddence of
the assumed pure magnetic dipole transition between two
states with angular momentum L_ =0 of the 3 quark sys-
tem. The inclusion of a hyﬁ%rfine color magnetic
interaction arising from the QCD gotivated one gluon
exchange between the valence quarks  leads to a finite
longitudinal coupling, reflecting the (Syxﬁ) forbidden)
L=2 state of the multiquark wavefunction'®. Our present
knowledge on S for the A(1232) comes from studying
ple,e’p)r°. Asdiiming s and p wave contributions only,

and M, domipance (only terms with M ,. are retained),
the ubfolarized cross section can be Written as:
do . [B 2_ * +
dig ~ [3 iy, 1% 3 mefuy 57 ) Re{uy 47 )]
* -
+ cosﬂr[ZRe[Eo+l1+]]

+

cos?83[3 1y, 12+ ome(u; By ] - 3me(u, 1! )]
+ cvsinOyecos2g[-2 14, 1%-3Re (u, BV )]
+ fEEfI:ET“°sin9:'cos¢[—Re[SO+MI+] -BcosB;°Re[Sl+HI+]]

From studying the ¢ and B dependence of the cross
section one can separate the ferm Re(S M" ), which is
most sensitive to 8 Fig. 7 shbhs'*results of
previous measurements.' The accuracy of existing data
is clearly not sufficient to separate resonant and
nonresonant parts. Note that the quantity
Re(S M  )}/IM 1% is displayed. A resonance-like
behavibub*of S ! *would resuly in a flat distribution in
this quantity}+ The Q2=IGeV data show some W depen-
dence which may indicate that the measured quantity
contains nonresonant contributions. In order to enable
a full determination of the resonant and nonrescnant
contribution to (31 K' ), 2 measurement of the term
In(S, M’ ) is requited'is well. This term is partic-
ularly 3énsitive to nonresonant contributions. If only
S, . =and K. amplitudes of the resonance contribute,
hL%ing the" same phases, the term Im(S, M® ) would
vanish identically. According to fixed ahd dfspersion
relation calculations the nonresonant contribution
ReS1 (I=1/2) may be of the same order of magnitude as
ReS * (I=3/2). This would result in quite different
phadés for M. and S , ®hich consequently give rise to
a gifeable ESIarizalion asymmetry in the vicinity of
the resonance,
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Fig. 7 The quantity B.e(S“l“)/iH“I’ in the A(1232)
region. Data from DESYY .

The guantity In(Sl ¥' } can be measured by using a
longitudinally pold&i&%d e}:ctron beam and measuring
the cross section asymmetry® .

A, = 126(1—6)°ain¢'sin8;[1m[80+l;+] + Bcosa;Im[Sl+HI*]]
In this expression the same approximation as in the
unpelarized cross section has been assumed. This exper-
iment requires a measurement of the B® distribution of
one of the outgoing hadrons at large ¢ (out of the
scattering plane). Measuring the #' dependence of A
at fixed sin$ enables a separation of In(5°+l;+) and

1m(Sl+l;‘). Asymmetries of 5 to 10% can be expected'®.



5. Polarized Target Asymmetry in_the Region of the

I [1440)

There is an ongoing controversy as to whether or
not. the P__(1440) is actually composed of two P__ resc-
pances as & recent analysis indicates'®. In &lectro-
production, however, only weak indications of a resc-
nant structure in this particular mass region have been
seen in unpolariged electroproduction experiments.
Single pion photoproduction data have on the other hand
revealed a rather strong resonance excitation®™ . Pion
electroproduction may help solve the above controversy
because of the additional kinematical degree of freedom
given by Q“. The various resonances may exhibit very
different Q’ dependence.

Measurements of asymmetries with polarized targets
appear quite sensitive to the strength of the P (1440}

excitation. Fig. 8 shows the sensitivity of thsltarget
asymmetry in §° production to the excitation of the
P (1440). By choosing a suitable orientation of the

t }get polarization and by carefully =melecting the
k.nemntics of the decay particles, interference effe ..
pay become large and exhibit sizable effects even fro.
weak resonances. In this example khe anplitudes which
havezbeen oh}ained in an analysis”“ of the world data
at Q=1 GeV" were used. In the analysis, a sizable
longitudinal amplitude S, was found for the P__(1440).
This gives rise to strong effects in T which'bontains
transverse-longitudinal interference térms.

Target Polarization Asymmetry T![']‘p*p‘l‘o} at Q’:I(GeV/c]’
(¢ = x/2; 8, = 10°)
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Fig. 8 Polarized target asymmetry T (7 p*pr°) for a
specific kinematical situatibn’ The target
protons are polarized perpendicular to the
virtual photon direction, in the electron scaf
tering plane. Results of a recent analysis »
have been used te predict the asymmetry
(l.h.s.}. To illustrate the sensitivity to the
longitudinal coupling of the P__, the expected
asymmetry is showro if the P11 #ire not excited
(r.h.s.).

8. Double Polarization Asymmetry

¥ith a polarized beam and a polarized nucleon tar-
get, one can measure double polarization asymmetries
which require flipping the spin of the electron as well
as of the target nucleons. O0f particular interest is
the asymmetry D.

b - ’{Pz=1'Pe=l)_a(Pz=1'Pe='1]_”(Pa='1'P==1]‘“[P,=‘1rPe="1)
] [Pz=1 ,Pe=1] 0 [P5=1 ,Pe:—l) +0 (Pf'l ,Pe=1) 0 [P==—1 ,Pe=~1)

wiiere the nucleon spin is aligned parallel and antipar-
allel to the direction of the virtual photeon. Fig. 8
shows that this asymmetry can be large. D measures
directly the helicity asyummetry *

oT ol
%1 j Ds[qz'w’a;:¢]d¢ = —112536_312_

for the transverse cross section. The partial wave
analysis of this quantity at fixed Qz and W yields the
helicity asymmetry for single partial waves. Unpolar-
ired measurements allow the determination of ¢
0:/ for single partial waves. The two mcasure;ents
conbined allow determination of 07, ~ | A 1? and
T 2 s g ]
Gysq ~ 14, 1" for specific resonances (aféer sub-
tracting the nonresonant background). A and A

3 N : 1 a/2
bave been predicted by microscepic nod@ﬁs of tée
nucleon and provide tests of the helicity structure of
the resonance transition. In view of the quark model
and QCD predictions, e.g., that ¢ should varnish at
large q’, measurements of this type provide immediate
tests of essential aspects of theoretical approaches in
the nonperturbative regime. In Fig. 8 examples of
predictions for D. are shown.

Double Polarization Asymmetry D.(’yvp*pi"] at Qz=1[GeV/c),
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IV, Parity Violation Measurement
in tte ! -1232 !eimn

In low energy (Q’ < u? ) neutral current inter-
actions, the parity violatifif contribution arises from
the interference between the one-photon exchange ann
the neutral weak boson {Z°) exchange graphs. In elec-
tron scattering, the interaction contains an isoscalar
as well as an isovector piece in both the vector (V )
and axial vector (A ) coupling. The effective Lagran-
gian which describés the parity non-conserving }PNC)
part of the }nteraction for electron hadron scattering
is given by?

G ~ -~ -
LZ?? = - I;ﬂ . [57#15e[avi+1Vﬂ] + e1ﬂe[ﬁAﬁ+3qu]

The a, ?, z, ; denote the respective coupling constants
which have to be determined experimentally. Ip the




Clashow-Salam-Weinberg Model (GSW) of electroweak
juteraction, these coupling constants can be express$d
in terms of a single parameter, the weak mixing ang’-
f_. By choosing appropriate kinematical conditions fur
electron scattering from nucleons and nuclear targets,
one can determine the couplings by a set of fou:
linearly independent measurements.

The SLAC/Yale D(;,e')x scattering experjpent®®, in
conjunction with atomic physics experigenys™” , enabled
a model ingdgpendent determination of @, 7. The Maing
experiment”  measures a different combination of the
four coupling cqpstants and allows the extraction of a
combination of § and &, using the previously obtained
results as an input. It should, however, be noted that
this experiment measures quasielastic electron
scattering from Be rather than elastic electron
nucleon scattering. This fact could be of impertance
if the data are used for a det ;mination of the weak
angle. The Bates experiment , Which has recently
become operational, simply measures 7.

From this brief survey of existing measurements it
is obvious that for a complete determination of the
coupling constants additional measurements are needed.
One should also attempt to measure a possible Q° depen-
dence of these couplings. Deviations froq‘the GSW
model may occur at the level of one percent Bigh
precision measurements are therefore needed.

Yarious arguments have been made for measureing
parity vif}igion in elastic electron-proton
scattering™ ' A precise measurement of the A-
excitation seems equally important. We summarige here
some arguments for measuring this process.

- A{1232) excitation separates the isovector part
(e, £).

- It is an almost pure magnetic resonance with a
dominant magnetic dipole (M, ) excitation. The
scalar coupling (S +) and tte electric coupling
(E1+) are both small.

- At low @? (0.8 GeVz) the nonresonant background
is small. Its effects on the PNC asymmetry
should be reliably calculable 2 In order to
understand the PNC effects of the nonresonant
part at the one percent level, more precise elec-
troproduction data in different isospin channels
will presumably be needed as well.

- The agymmetry is predicted to be large in the GSW

model
Ay (3232)" [;%*][52;][3 + v(¢2,B) 3!

and has a strong sensitivity to sinza‘.

The factor F(§*,E) in the above formula is close to
1 in the energy range of interest. Assuming a weak
angle of sinza' = 0.225, one obtains AA 1382
-1.17x10749%. ¢ )

Y. Conclusions

Polarization experiments open up a large variety of
possibilities to study electromagnetic properties of
the nuclecn and its excited states with increased sen-
sitivity compared to unpolarized measurements. The
tunerical examples chosen assumed an external target
situation at CEBAF energies. Most of the experiments
can, of course, be done with gas targets in storage
rings, if high enough luminosibgss can be fchieved.
"*High enough" translates as 210°“cm” "sec™ for the
neaﬁPrggenqqpf the peutron electric formfactor and
210" "cm “sec”” for the proton electric formfactor. The

nucleon resonange p;ﬂgraerould also need luminosities
in excess of 10" "cm “sec’ for a substantial improve-
ment of previous work, if full solid angle coverage is
provided.

Precision experiments for studying parity viclation
in electron scattering require measurements with very
high luminosity (L>10*%cm™sec™!) and large acceptance
detectors®®'®® . Because of the luminosity require-
ments, these experiments will have to employ thick
targets in an external beam line.
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