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HADRON PHYSICS AT THE NEW CW ELECTRON ACCELERATORS

Volker D. Burkert

Continuous Electron Beam Accelerator Facility,
12000 Jefferson Avenue, Newport News, Virginia 23606, USA

Major trends of the physics program related to the study of hadron structure and hadron spectroscopy
at the new high current, high duty cycle electron machines are discussed. It is concluded that
planned experiments at these machines may have important impact on our understanding of the
strong interaction by studying the internal structure and spectroscopy of the nucleon and lower mass

hyperon states.

1. INTRODUCTION.

In the past decades intermediate energy electro-
magnetic interactions have been employed to study the
structure of hadrons using elastic electron scattering,
and photo- and electroproduction of mesons. Most of
these experiments have covered rather limited kinematic
regimes, because of low rates and the use of detectors
and magnetic spectrometers with small solid angle and
momentum acceptance. This was dictated by the back-
ground generated by an intense, low duty cycle elec-
tron beam interacting with an external target. This
situation limited the usefulness of the electromagnetic
probe in studies of hadron structures and hadron spec-
troscopy. For example, of the about 25 well established
excited nucleon states not a single one was discovered
using electron or photon beams, albeit many states were
found to have large photocoupling amplitudes. With
the construction and partial completion of several new
CW electron accelerators this situation is changing sig-
nificantly. Firstly, use of large acceptance detectors at
high luminosities of 103 cm~?sec™! will become feasi-
ble, allowing measurement of several reaction channels
simultaneously, over a large kinematic range, and with
statistical accuracy comparable to that achieved with
hadronic probes. Secondly, with 100% duty cycle in-
tense electron beams, high resolution and high statistics
coincidence measurements can be conducted for exclu-
sive channels with small cross sections, e.g. pion pro-
duction off nucleons near threshold. In fact, dats rates
will to a large degree not be limited by the luminos-
ity achievable in these measurements but rather by the
data collection speed of the data acquisition system. It
is interesting to note that this situation eliminates the
traditional 'rate advantage’ of hadronic reactions over
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Pigure 1.1 Kinematical domains accessible at varies e
electron acceleratora.

electromagnetic processes. Electromagnetic processes
may hence be studied with statistical sensitivity similar
to hadronic reactions. This will bring to bear the full
capability of the electromagnetic interaction as a probe
of the internal structure of hadrons.

A variety of DC machines are presently under con-
struction (NIKHEF, MIT-Bates, CEBAF), or are near-



ing completion (ELSA-Boan, MAMI-Mainz). Some im-
portant machine parameters are listed in table 1.1, An

Table 1.1: PARAMETERS OF DC ELECTRON MACEINES

Purameier | MAMI-B | NIKHEF | MIT-Bates | ELSA | CEBAF

Energy [Gev]| 0.8 09 10 20/s5| 40
§E/E 10~ | 2.10~ | 04-10-% | 10-* | 10~
I{ext) (] 100 0 50 02 200
I(int) [mA] - 00 | 80 80
duty factor | 1.0 09 085 Joss/0z| 10
completion | 1090 1692 1902 1088 | 1994

energy range from a few hundred MeV up to 4 GeV will
be accessible when all machines are fully operational.
The scientific programs at the various laboratories span
& broad range of physics topics from the more tradi-
tional nuclear physics aspects related to the interaction
of hadrons in nuclei, to studies of the structure of free
hadrons and their modifications in the nuclear medium.
Correspondingly diverse is the experimental equipment
that will be needed in order to fully exploit the capa-
bilities of the machines, and to span the broad scientific
programs.

In this talk [ focus on aspects of the scientific pro-
grams that are directly related to the topics discussed
at this workshop - the excitation and internal structure
of hadrons in free space. The kinematical domains ac-
cessible with the various accelerators in electron nucleon
scattering are shown in Figure 1.1,

2. STRUCTURE OF THE NUCLEON

Interest in the structure of the nucleon and its ex-
cited states has dramatically incressed in recent years
and is one of the major motivations in support of the
planned experimental program at the new electron ma-
chines. The structure of the nucleon may be probed in
elastic electron nucleon scattering and in inelastic reac-
tions induced by electrons and photons. These studies
are of fundamental importance since they measure the
charge and current distribution as well as the transition
currents of the fundamental building blocks of matter.
Kuowledge of these quantities allows stringent tests of
microscopic models applicable at low and intermediate
energies, such as QCD based quark models, chiral bag
models, Skyrme models, etc.. Near the pion production

threshold the validity of low energy theorems (LET) can
be tested. At very high energies, the transition from
the non-perturbative to the perturbative regime can be
studied, where simple quark eounting rules may apply.

2.1 Electromagnetic Formfactors.

The hadronic current in elastic electron nucleon
scattering is specified by the electric and magnetic form-
factors G5(Q?) and Ga(Q?). These are related to the
Dirac and Pauli formfactors F; and F; as:

Gg=F -1F, Gu=FR+F
where r = ﬁ;, The usual techniques for measuring the
elastic formfactors is the Rosenbluth separation, where
one makes use of the different angular dependence of

the electric and the magnetic term in the unpolarized
elastic cross section to separate |Gg| and [Gay|

de _ do, E' ., 28
This techniques ceases to be useful, when either G3 <
G, or at high values of Q?, where the magnetic contri-
butions dominate both the angular dependent and the
sngular independent terms.

Experimental informaticn on the neutron electric
formfactor Gg, is rather poor for all non-gero Q%. In
the absence of a free neutron target, we have to rely on
scattering from the few-nucleon systems. Unlike for the
proton, the Rosenbluth separation of Ggn from Guma
is difficult even at low Q? because of the small size of
Cgn compared to Gan. At low @3 , Gpn would be
non-zero only if the charge distribution within the neu-
tron were not uniform. The slope of Ggn versus Q% at
low Q2 has been accurately measured, and it is positive,
indicating that the neutron appears to have a elightly
positive core surrounded by a region of negative charge.
For Q* < 1 GeV? Ggn has been extracted from elastic
electron-deuteron scattering data’®. Using this proce-
dure, however, it is necessary to assume a model for the
deuteron structure which renders the extraction of Ggn
model dependent. The result of the most recent analy-
sis is shown in Figure 2.1. Clearly, model independent
data, and data at higher Q? are needed for an unam-
biguous confrontation with various model calculations.
The electric formfactor of the proton has been measured
at SLAC? using Rosenbluth separation for @ up to
about 4 GeV?, with error bars of 20% at the highest
momentum transfer. The proton magnetic formiactor
has been measured for Q3 up to 31 GeV?2, An analysis
of the electromagnetic formfactors by Gari and Stefanis*
allowed extraction of the QCD scale parameter Agobp.
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Figure 2.1 The eleciric formfactor Gen of the neutron
eztracted from elastic eleciron deuteron scattering®. The
shaded area indicales the uncertainty due to the choice
of the deuteron wavefunction. The curves are results
of medel calculations: Chiral Bag Model 4° {dashes),
Relativized Quark Model 2* (solid), RQM ®' (dotted),
Skyrme Model 83 (short dashes ).

In lowest order, Agcp can be defined in relation to the
strong coupling constant a,:

12x
33 — 2n,)In(Q7/A%cp)

where 1y is the number of quarks with mass lower than
@*. Assuming a conventional meson picture at small
Q?, and asymptotic QCD predictions at high Q?

al(Q’) = (

e G
"“az ’ —'6?:

(modulo powers of In(Q?/Agcp)) the fit to the elec-
tromagnetic formfactors (Figure 2.2) yielded values for
Aqcp between 100 to 250 MeV/c. The uncertainties
are mainly due to the limited knowledge of G, at
Q? > 2 GeV?. A more precise determination of this
parameter will be very interesting since Agcp is not
well constrained by other measurements®s.

B Fy

2.2 Polarization Techniques to Measure Gg.

Two methods appear very promising in the mea-
surement of G g, in a model independent fashion. Both
methods employ quasi elastic scattering of polarized
electrons off deuterium. In the first case polarized elee-
trons are scattered off polarized deuterium®. In the sec-
ond case an unpolarized deuterium target is used and
the polarization of the recoil neutron is measured in »
second seattering experiment®, The two methods are
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Figure 2.2 Result of the QCD analysis of the proton
elastic formfactors® using A = 180MeV. The solid line
represents the fil {o the data.

equivalent, and allow measurement of the polarization
asymmetry

2reoabvl + 2/27(1 + 7) - (GEn/Gan)sindcoadur,
vl + f)(G'.jGu..)’ + 2rup

Aen =

where vz ,v7,v), vy are known kinematical quantities.
By varying §, the angle between the nuclear spin and
the direction of momentum transfer, it is possible to pick
out the longitudinel and transverse pieces of the quasi
elastic spin dependent cross section. In particular, if
# = 90°, the asymmetry is proportional 0 Gga/GMn.
If Gren is known, Gy can be determined.

The first method uses a polarized (ND,)™** or
SHe 1° target, in an external electron beam. If the
polarization asymmetry is measured using vector po-
larized deuterium, it will be necessary to measure the
recoil neutron in coincidence with the scattered elec-
tron to veto against the much larger asymmetry cifects
due to the polarized proton in the deuteron. Model
calculations!? show (Figure 2.3) that the polarization
asymmetry is linearly dependent on Gga/Gamn as long
as the recoil neutron is emitted at small angles with re-
spect to the direction of the virtual photon. In this re-
gion the influence of the deuteron wave function on the
extracted value of Ggn/G Mn is almost absent. A quan-
titative check can be accomplished by measuring the
proton asymmetry at the same time, and by comparing
it to the asymmetry obtained with a polarized hydrogen
target (e.g. NHs). For 3 He, nuclear corrections are not
negligible!? and have to be carefully studied if Gen is
to be extracted.



0.4

L GEn=0
Aed -——— GEn= CK
0.2 N
0.0
02
—_—— GEn= D (N)
—---- GEn= D (BORN)
-0.4 ! i 1 !
0 50 100 150

Figure 2.8 Double polarization ssymmetry A4 for dif-
ferent G.n, and various interaction models!®,

Employing state-of-the-art polarized target tech-
nology it appears feasible to measure Gg, for @ up
to 0.5 GeV? with a 1 GeV electron beam, and up to 2
or 3 GeV? using a 4 GeV beam. Projected error bars
for a measurement at CEBAF which employs the recoil
polarization techniques are shown in Figure 2.4. Likely,
the first precise data in the lower Q? range will come
from measurements in preparation at MAMI-B!®,

The polarization techniques discussed above can
also be used to measure the electric formfactor G,
of the proton. Recoil polarization techniques using an
unpolarized hydrogen target!®, and the measurement
using & polarized NH, target!¥ appear most promis-
ing. With a 4 GeV beam, values of Q2 up to 5 GeV?
and error bars less than 5% can be reached with ei-
ther techniques. Recent advances in polarized target
technology!® may allow one o push this limit to even
higher values.

2.3 Pion Photoproduction at Threshold

For many years the low energy theorems (LET) for
pion production at threshold have been viewed as solid
achievements of theoretical physics. The assertion of
LET is that in the low energy limit the process is deter-
mined by calculating the Born terms, and using vector
curreat conservation and the PCAC hypothesis. In this
case the isospin amplitudes take on a very simple form:

11
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Figure 2.{ Projected daia for a measurement of Gz, at
CEBAF uaing recoil polarization technigues®®,
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The isospin amplitudes for pion production are given
by: ‘
Alyp = nrt) = V(A + 4%)

A(yn — pr7) = V247 - 4°)
Alyp — px®) = (4T + 4%)
Alyn = nx’) = (4 - 4°)

allowing absolute predictions of cross sections at thresh-
old. For the charged pion processes the LET predic-
tions agree well with the measurements. However, re-
cent x° measurements at Saclay!® and Maing!? showed
that the LET predictions were almost an order of mag-
nitude higher than the data.

Nath and Singh'® proposed that chiral symmetry
breaking in QCD due to final quark masses give another
contribution to LET. Tiator et al.!* argued that isospin
symmetry breaking in QCD, which is responsible for
the mass difference §m = m, — my ~ —3.8MeV should
give yet another contribution to the LET. With these
QCD corrected LET, an excellent agreement with the
data is obtained (Figure 2.5). If this interpretation of
the LET corrections holds, threshold pion production
might offer the possibility of more precise determina-
tion of the u and d quark masses. The prediction for
the dominant Eo, multipole is shown in table 2.1. The
7n — nx® process has not been measured at threshold,
however, assuming isoscalar and isovector (AJ = 0,1)
transitions only, the amplitudes can be predicted from
the other measurements. Direct measurements of this
channel should yield smaller error bars, allowing a more
definite comparison with theoretical predictions. Inde-
pendent measurement of this process would also allow
determination of upper limits of possible isotensor con-
tributions, for which there is presently no experimental
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Figure 2.5 Cross section data for x° photoproduction
off protons near threshold compared to LET predictions
without (dashed) and with (10lid) corrections for quark
mass effects’?

evidence. Note that in the absence of isotensor contri-
butions only the ISB calculation is in agreement with
the data.

Exiension to pion electroproduction should prove
extremely interesting, as possible violation of LET can
be studied for the different spatial regions probed with
increasing Q. Electron scattering measurements are
planned at MAMI and MIT-Bates.

Table 2.1: MULTIPOLE E,, AT TERESHOLD
Experiment
yp—nrt | 27.5 | 20.0 | 28.7 0.3 | 28.7 0.3 | 28.3 +0.50

Channel |LET |CQM CSB ISB

an s = | -32.0 | -33.3 [-30.8 0.3 | -30.8 £0.3 | -31.9 x0.504

yp—pr® | 24 | 2.7

0.0 £0.7 | 0.8 +0.5 | -0.5 £0.30%

-0.35 20,107

1.1 £0.2 | 1.6 204 | (2.2£04)

m -+ nx? 0.4 0.4

2.3 Pion Electroproduction at Threshold

The differential cross gection for charged pion elec-
troproduction at threshold is s-wave dominated. Beside
the clectric monopole transition multipole Eo4 it con-
tains only the longitudinal multipole Lo+:

do _ Wip;| 2 2 2

= = _ZEZl|E, L

a0 E-TM" °+I +‘Q [ 0+I]
Within the framework of current algebra theory and
PCAC, Ey; is sensitive to the axial vector formfactor
G 4 via the contact interaction, and the electromagnetic

Figure 2.8 Electroproduction of hadronic final states via
+-channel resonance decays. The YNN* vertez is de-
scribed by the photocoupling helicity amplitudes A,;,,
Assay Si1p2- ’

nucleon formfactors. At threshold , Eg. is proportional
to G4. The two terms in the cross section can be deter-
mined experimentally by measuring the ¢ dependence.
Using G 4(Q?) as derived from charged current neutrino
reactions, the validity of LET versus Q7 can be tested
by inspection of Eo.. Alternatively, assuming the va-
lidity of LET for charged pion production, G4(Q?) can
be extracted from the data. Ly is essentially a func-
tion of Gga and the pion formiactor Fy. Since Gzn{Q?)
will be measured in independent experiments, Fu(Q?)
can be extracted from the data. At low Q? the model
dependence of this procedure can be tested by compar-
ing the extracted values of F, with direct measurements
in elastic w e scattering. If the model dependence can
be understood, extension of this procedure to higher
Q? may then become possible. It is worth noting that
the high Q? data on F, comes exclusively from analy-
ses of unseparated electroproduction cross section mea-
surements. They presently contain a model dependence
which may be largely eliminated in future experimenis.

2.4 Baryon Resonance Transition Formfactors.

A large number of resonances, attributed to the
excitation of the nucleon have been observed in hadron
scattering, the A(1232) being the most prominent one.
Electroexcitation of resonances on the free nucleon yields
information on the v, NN* vertex as a function of Q3
(Figure 2.8). The iransition into a specific excited state
is described by three amplitudes 4,,;{Q?), A4,,2(Q%),
and S5y/,(Q?), where A and S refer to transverse and
scalar coupling, respectively, and the subscripts refer to
the total helicity of the v, N system.



Inclusive measurement of YN — X, or eN — eX reveal
a few broad bumps, clearly indicating the excitation of
resonances in the mass region below 2 GeV., Their broad
widths and close spacing makes it imposaible to separate
them in inclusive production reactions. By explicit mea-
surement of the decay products such as # N, n ¥, pN, 74,
and others, it is possible to identify them acecording to
their spin and isospin assignments. The experimental
status of light quark baryon states and their electro-
magnetic transitions is discussed in detail in another

contribution to this conference®2.

The physics issues one hopes to study are manifold,
and address fundamental questions about the interac-
tion of quarks and gluons in confined systems. Specifi-
cally, one would like to study how the transition between
the 3-quark ground state and excited states is mediated.
Most models agsume that the excitation is due to a sin-
gle quark transition. However, recent studies?® indicate
that double quark transitions may be present at a non-
negligible level. Meagurement of the Q2 evolution of the
transition formfactors provides information about the
wave function of the excited state. The helicity asym-
metry 2 2

PR - ks .
' Al + Al

for the transition into excited states as the D13(1520)
or Fi5(1688) was found to be sensitive to the potential
that confines the valence quarks inside the nucleon?®,
At high momentum transfer, one may cbserve the tran-
sition from the mon-perturbative to the perturbative
regime, where power law rules for the helicity ampli-
tudes are predicted to apply?* such that:

Aipp=C/Q , Ap=GC/Q , Q- o

if logarithmic terms are neglected. Whether this regime
can be reached at the available energies (e.g. 4 GeV at
CEBAF) is an open question. Nonetheless, it will be in-
teresting to push studies of the helicity structure of nu-
cleon resonance excitations to the highest possible Q2.
The QCD motivated extension of the non-relativistic
quark model?® predicts many states, in particular at
higher masses, which have not been observed in xN
reactions. Theoretical calculations?® indicate that the
"missing” states tend to decouple from the xN chan-
nel but couple strongly to Np, Nw, and Ax. This
would explain why they have not been seen in elastic
#N scattering. Qur picture of baryon structure could
drastically change if these states did not exist. Several
of these states are predicted to couple strongly to pho-
tons (real or virtual) and may thus be searched for in
photo- or electroproduction experiments. Experiments
to search for these states in multi pion production are
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Figure 2.7 Comparison of ezperimental data on the in-

terference term Re(Ey M} )/|Mys|? for the A(1232)

with various model caleulations.

in preparation at ELSA and CEBAF. A complete pro-
gram to study nucleon resonance transitions, e.g. in
7N — =N, involves measurement of 6 {4 in photopro-
duction) complex, parity conserving amplitudes.

Bii= < MidwiTPAgidy > = < 025|T £ 1,045 >

which makes it necessary to measure at least 11 indepen-
dent observables, not counting additional measurements
to resolve quadratic ambiguities. Experiments involving
unpolarized particles only, allow measurement of only 4
response functions o, o, orr, oLT!

do
o =T + eop + eoppcos2d + /2¢(1 + e)orreosd

o = ¢i(H1,.., Hy)

Measurement of polarization observables yields informa-
tion on many response functions. For example, with

a polarized electron beam, and a polarized nucleon tar-
get 14 more response functions can be measured.

I want to iHustrate the significance of polarization
measurements for this program with two examples, the
transitions v,pA+(1232), and 7,pP i (1440).

2.4.1 The Transition v,p —+ A*(1232) — N'x.

In SU(8) symmetric quark models, this transition is
explained by a simple quark apin-flip in the Lyg = 0
ground state, corresponding to a magnetic dipole tran-
sition M)4. The electric and scalar quadrupole tran-
sitions are predicted to be By, = 5;4 = 0. In more
elaborate QCD based models which include color mag-
netic interactions arising from the one-gluon exchange
at small distances, the A(1232) acquires an L3g = 2
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Figure 2.8 Predicted cross section for 1,p — pn° at
Q* = 1GeV2,e = 0.8,8: = 0., using the emplitudes
of G. Kroeaen®®. The sensilivity to the {amall} ampli-
tudes of the Roper resonance ia shown (top). Predicted
target csymmetry T. for the same kinematics (bottomn).

component, leading to small eleciric and scalar contri-
butions {e.g. |E14+/Mi4] 2 0.01 at Q% = 0). The ratio
| By+ /M| is predicted to be weakly dependent on Q2.
At very high Q?, QCD predicts®’ By /My — 1, aad
S14/My — 0, Precise measurements of these contri-
butions from @3 = 0 to very large Q2 are obviously im-
portant for the development of realistic models of the
nucleon. Present experimental information about E;,
is shown in Figure 2.7, together with model predictions.
The quality of the data is clearly not sufficient to dis-
criminate agminst any of the models. Experiments at
MIT-Bates?* and CEBAF?® are in preparation to mea-
sure the electric and scalar quadrupole transition over a
large @? range, using polarized electron beams and/or
recoil polarimeters. In ihese experiments one obtains
information about the terms

My , Re(E14M;,) , Re(S1+M7,),

Im(Ey  My,) , Im(S15M5,).

The imaginary parts of the bilinear terms cen only be
accessed using polarization degrees of freedom. They

are particular sensitive to phase relations between the
multipoles. If the multipoles were strictly in phase,
these terms would vanish identically.

2.4.2 The Transition v,p — P;}(1440) — N'x.

The Roper resonance Py; has a modestly strong
photocoupling at Q? = 0, but in electron scattering
there is little evidence for its excitation both in the in-
clusive cross section and in exclusive single pion produc-
tion at Q? < 1GeV?. In an analysis’® of single pion
production data at @ = 1GeV?, a small positive value
was found for the A, /5(P11) amplitude. At Q% = 0 this
value is larger and negative. One may speculate that the
apparent quenching of the Roper at Q3 > 0 might be ac-
cidental and related to a zero crossing of the transverse
amplitude. The P;; may then be expected to "reep-
peazr” at higher Q3. In fact, non-relativistic as well as
relativized quark models predict®! the A;/;(Py;) ampli-
tude to grow relative to the A{1232). In non-relativistic
models A;3(Py1)/A1/2(A) ~ (%, so that the Py; would
dominate at high Q2.

It has been pointed out that the dominance of the
Py, at high Q3 will be & crucial test of the quark model
classification as & N=2 radially excited state’?. Mea-
surements with polarized proton targets'!, or proton
recoil polarization measurements®? can provide a strong
signature for the excitation of this resonance in electron
scattering experiments. Figure 2.8 shows the sensitiv-
ity of the unpolarized cross section and the polarized
target asymmetry T, in v,p -+ px°® to the P;; ampli-
tudes. Clearly, measurement of polarization observables
will have an important impact on the determination of
the photocoupling amplitudes of the Roper.

3. PARITY VIOLATION EXPERIMENTS.

At low and medium energy (Q? < M3,) neutral
current interactions, the parity violating contributions
arise from the interference between the one-photon ex-
change and the nentral weak boson Z¢ exchange graphs
(Figure 3.1). In electron scattering the interaction con-
tains an isoscalar as well as an isovector piece in both
the vector (V},) and the axial vector (4,.} coupling. The
relevant piece of the Lagrangian can be written as

G - -
Lo = -\/_; - [Bruvse(@Vd +7V0) + Evue(B4) +543))

where a, ﬁ, %, & denote the electro-weak coupling con-
stants. In the Standard Model the coupling constants
are related to the weak mixing angle fw in the following
way:

a=—(1—sin?bw), B =—(1-4sin*0w),



Figure 3.1 Lowest order Feynman diagrams which con-
tribute to parity non-conservation in eleciron scatlering
at low and iniermediaie energies.

where sin?fy = 0.232 £ 0.004,

At MIT-Bates, an experimeni¥**? ig in preparation to
measure parity violation in elastic electron-proton scat-
tering at backward angles. In this case the asymmetry
depends upon the elastic electromagnetic formfactors
F7, F], and the neutral weak formfactors FZ, FZ. The
latter one is related to the proton anomalous moment
coupling to the neutral weak current. In the Standard
Model, and invoking strong isospin symmetry, FZ is re-
lated to the electromagnetic formfactors as

1 ; 1
FF = (5 - sin0w)F] - 3Ff

where F§ is » singlet piece which arises from equal con-
tributions of all three quark flavors, and is therefore sen-
sitive to the 7 contributions to the proton structure’®.
Large 43 contributions to the nucleon structure are sug-
gested by the most straight forward analysis of the EMC
spin-dependent structure function measurement, and an
analysia®” of the pion-nucleon sigma term (Z,n). The
parity violating asymmetry in elastic ep scattering is
given by:

Ao — Gr@?
T Verat
a
[2rtg? S (FY + FJ)(FY + Ff) + (F{F{ + rF]F{)
E+ E ] .
_(ml-;ru_)tgii(l - 48%ﬂzew)G1(F;’ + F:)],

where ¢ = F® + rF® + 2rtg?8(F + FJ). At large
electron scattering angles the first term dominates. The
terza with G} is suppressed since (1 —4sin?8y ) is small.
Since F¥ « Ff, the asymmetry is essentially propor-
tional to Ff, and the term of interest Ff can imme-
diately be extracted. The experimental setup is very
similar io the one previously used in a parity violation
experiment at Mainz?®®,

4. DRELL-HEARN GERASIMOV SUM RULE.

The result of the polarized proton structure func-
tions meeasurement has triggered new interest’?® in ex-
perimental tests of the sum rule of Drell, Hearn®® and
Gerasimov49:

f %[Uln(ll,o) —0'3/2(":0)] = _2:;20k2 !

ke

where v is the photon energy, o172 and oy;; are the
absorption cross sections for total helicity 1/2 and 3/2,
and k is the anomalous magnetic moment of the tar-
get nucleon. The interpretation of the EMC results on
the polarized proton structure functions in terms of the
Ellis-Jaffe sum rule suggesis

irla

f %f’ln(*” Q%) - o3a(v, @)} = %§ G

Vike

It has pointed out®® that dramatic changes in the he-
licity structure of the vp coupling must occur when go-
ing from the deep inelastic region to Q? = 0, if the
DHG sum rule were to be fulflled. Indications that
such changes of the helicity structure may indeed oc-
cur have been found in the analysis of pion photo- and
electroproduction for specific resonances 33. The sum
rule has been derived on rather general grounds but has
never been tested experimentally. An analysis of ein-
gle pion production experiments places some limits on
how much this sum rule may be violated*!. By using a
circularly polarized tagged photon beam, and polarized
N Hj as a target material, the total absorption cross sec-
tion difference ¢y /3 — 0373 can directly be measured as a
function of the photon energy. The integral is weighted
by 1/v, therefore the lower energy regime, in pacticu-
lar the resonance region gives the largest contributions.
Medium energy machines are therefore the appropriate
instruments for testing this sum rule.

5. KAON PRODUCTION ON PROTONS

At CEBAFT a program to study the reaction vp —
K*Y (Y = A,A",3,2°), and hyperon radiative de-
cays is in preparationt”#?, These reactions have been
poorly studied in the past. Consequently, the produc-
tion mechanism is not well understood. If one takes
a diagrammatic approach, one can hope to extract in-
formation about the XAN and KAN® coupling con-
stanis. Coupling constants, extracted from photopro-
duction data and from hadronic data disagree. Recent
calculations*? indicate that measurement of the A re-
coil polarization are very semsitive to specific ingredi-
ents of the model, in particular on assumptions about
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Figure 5.1 Prediction of double polarization asymmetry
for ¥p — K*A. The coupling constant gnax has been
varied by +10% (dotted) and -10% (dashed). Calcula-
tions by Adelseckt?.

the coupling constants (Figure 5.1). An efficient exper-
imental program to study polarization degrees of free-
dom in the KA channel requires use of large acceptance
detectors with nearly 47 solid angle coverage. At CE-
BAF such a detector is under construction for one of
the three experimental endstations. With such an in-
strument, detailed polarization data can be obtained
for this reaction. For example, the A polarization can
be inferred from an analysis of its v~ p decay. Using a
longitudinally polarized electron beam, circularly polar-
ized bremsstrahlungs photons can be generated, and the
polarization transfer reaction yp — KA can be studied
as well.

Measurement of hyperon radiative decays yields infor-
mation about the quark wave function of the hyperon
states. At present, radiative widths even of some of the
lower mass hyperon states are either not, or only very
poorly known (Figure 5.2). Using an energy tagged pho-
ton beam low mass hyperon states can be identified in
the missing mass spectrum vp — K+X (Figure 5.3).

Very little eleciroproduction data is available on ep —
eK*A, or ep = e K+ A®(1520). In fact, there is no data
available in the resonance region or near threshold. As
a consequence, the reaction is theoretically not well un-
derstood. The process may be used to obtain informa-
tion about the K* and K*(892) formfactors. An in-
triguing problem is presented by the f,(975). The state
does not fit into the standard g7 scheme for mesons. It
is considered a candidate for an exotic gfgq state, or a
(¢@)(¢3} molecule. If the fy(975) is a weakly bound
mesonic molecule a strong t dependence may be ex-
pecied in electromagnetic production. Using the CLAS
detector at a luminosity of 10*4cm~%sec™! the number
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Figure 5.2 Radiative iransition of low mass hyperons.
The numbers indicate predicted and measured transition
probabilities.

of detected f, eventsin ep — epK+ K~ is about 10 per
day*l. With such a raie detailed studies of the momen-
tum transfer dependence of the production process will
be possible.

6. KAON PRODUCTION ON DEUTERIUM

In a nuclear system, the hyperon may be viewed as
& controlled impurity which is unrestricted by the Pauli
principle. It also lives long enough to sample the nuclear
interior. These properties are used in the field of exper-
imental hypernuclear physics. For the case of the deu-
terium, hyperon preduction can be used to study YN
interactions by studying the processes yD — K¥(An),
and 70 — K*(Zn). At CEBAF an experiment is in
preparstion to measure this process®®. The cross sec-
tion for this process is expecied to be strongly enhanced
over the quasi-free production mechanism. The interfer-
ence structure due to AN — EN allows to determine
the relative sign of the amplitudes.

As the photon energy crosses the NI threshold a
sharp structure is predicted to emerge?®. In the vicinity
of this cusp, two S5=-1 dibaryon states are predicted to
occur®. The lower mass Dy is predicted to be nas-
row, and may show up in the missing mass plot of
¥D — K*X (Figure 8.1). Note that this siate can-

not be produced in (K,x) or (7 ,K) reactions.
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Figure 5.8 Monte Carlo simulation of the missing mass
specirum for vp — K+ X for the CEBAF Large Accep-
tance Specirometertt,
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Figure 6.1 Monie Carlo simulation of yD — K+ X for
the CLAS detector®,

7. SUMMARY

I have attempted to demonstrate with a few exam-
ples of planned experiments the potential of the new
DC electron machines to precisely measure photo- and
electroproduction of hadrons. These reactions can teach
us much about the fundamental interaction underlying
the speciroscopy and internal structure of baryons and
mesons. Experimental emphasis will be on precision
measurements, and polarization will play a very impor-
tant role in achieving this precision. Hopefully, this will
also bring new challenges to theorists working in the
field of strong interaction physics at intermediate ener-
gies.

I wish to thank D. Joyce and B. Mecking for discus-
sions and useful comments, and J. Martz for preparing

the numerous graphs. I also wish to thank the organiz-
ers of the workshop for a most enjoyable and informative
time in St. Goar.
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