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The status of hadronic and electromagnetic excitation of light quark (u, d) baryon states is re-
viewed and confronted with results of calculations within the framework of microscopic models of
the baryon structure and the photon - baryon coupling. Prospects for a qualitative improvement
of our knowledge in this sector using photon and electron beams at the new, intermediate energy

cw electron machines are discussed.

1. INTRODUCTION

Understanding the structure of hadrons in terms of
the fundamental interaction of the constituent quarks
and gluons is one of the challenges in intermediate en-
ergy physics. The study of hadron spectroscopy using
hadronie probes has taught us a great deal about the
underlying symmetries and interactions. In this talk I
focus on the electromagnetic transition between baryon
states, a sector that has, to some degree, been neglected
in the past, largely because of the low rates associated
with electromagnetic interactions. This made it difficult
to achieve the precision needed for a detailed analysis of
the entire resonance region in terms of the fundamen-
tal photocoupling amplitudes. With the construction of
CW electron accelerators in the GeV and multi-GeV re-
gion, this situation is changing in a significant way!. It
may therefore be appropriate to review, in some detail,
the status of this field. Photo- and electroexcitation of
baryon resonances yield informaiion about the y, NN*
vertex as a function of the four-momentum transfer Q2.
This allows tests of theoretical models describing the
electromagnetic coupling of photons to baryons, and the
probing of the structure of baryons and their excited
states.

The interaction of the baryon constituents, quarks
and gluons, is generally perceived to be described by
QCD, the theory of strong interactions. However, solu-
tions of this theory in the non-perturbative domain are
extremely difficult to achieve. The lattice gauge theory
offers the best hope for exact calculations, but results
seem to be far in the future. Thus, models will continue
io play an important role. Microscopic models, such as
dynamical quark models, bag models, Skyrme models,
and QCD sum rules, relate the internal baryon structure
to the strong interaction of the confined constituents.

Probing baryons with photons and electrons will
give us insight into this fundamental interaction.

This is the main thrust of experiments using the elec-
tromagnetic probe. Before reviewing the experimental
status of electromagnetic transitions of baryons reso-
nances, I briefly summarize the status of light quark
baryon spectroscopy.

2. SUMMARY OF LIGHT QUARK BARYON
SPECTROSCOPY

In course of the past decade, very little has happened
in experimental light quark baryon spectiroscopy. The
field has been left by the particle physics community in
a deplorable state. The 1990 edition of the Review of
Particle Properties? (RPP) lists 23 established N* or A
states, and about as many candidate states with insuf-
ficient experimental evidence. However, this is only a
small fraction of the states predicted by QCD inspired
quark models. Most of this information is the result of
partial wave analyses of pion-nucleon scattering men-
surements #N — 7N. The methods used, the results
of the analyses, and remaining problems have been dis-
cussed in recent reviews?.

The non-relativistic quark model* and its relativis-
tic extension® allows the association of all established
states with a level in the quark model. The ground
states and all states associated with the [70,17]; super
multiplet have been observed experimentally . However,
several of the N=2 states, and most of the N=3 and
N=4 states have not been seen in 7N — xN reactions.
Figure 2.1 and Figure 2.2 summarize the experimental
situation for the N=2 and N=3 super multiplets. After
an overall adjustments of the center-of-mass excitation
energies, the predicted levels for most of the states are
in fair agreement with the measured masses. There are
few exceptions, where the discrepancies are significantly
beyond the experimental errors. The Dy5(1930) is such
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Figure 2.1 Ezperimental status of the N=2 quark model
states. The graph is from Ref.[6] (slightly modified)

Table 2.1 Masses and Widths of Baryon States

State | Mass (MeV)| Widths (MeV)
P11(1440) | 1400-1480 120-350
Pi3(1720) { 1690-1800 125-250
Dy (1700) | 1630-1740 190-300
$31(1900) | 1850-2000 130-300
Py3(1920) | 1860-2060 160-300

a case. The experimental mass is 1890 to 1960 MeV.
The model of Forsyth and Cutkosky’ predicts a Djy
state at 2131 MeV, and the model of Capstick and
Isgur® at 2030 MeV. The fact that there is only fair
agreement between experimental resonance masses and

(5637} (037 B 203°)
L %10 25 210 %9 %o 1;—
¥ |
F %
3 K L —_
¥ }
mmmm
{70,.27)
U
¥
2 i
¥
¥
t TTT 11
(50,173 ,17) o) @or)
410 25 219 %a 25 210 43 23 28
5 — — —
X
1t 3 -
L%
T T T
l
3 N

Figure 2.2 Ezperimental sietus of the N=3 quark model
states. The graph is from Ref.[6] (slightly modified)

masses predicted in quark model calculations is not nec-
eagarily alarming. It is well known that dynamic effects,
such as pion re-scattering may contribute to shifts in
resonance masses. These effects have not been taken
into account in current quark mode] calculations.

An intriguing observation is the apparent cluster-
ing of resonance masses. Many states appear to cluster
in certain mass regions. For example, six N* states
and two A states cluster in a mass range from 1620 to
1720 MeV. There are another six A states with masses
from 1900 to 1950 MeV. Is this clustering accidental,
or is there a mechanism at work that pulls these states
together? A possible explanation is presented in the
talk of D. Bugg *. Experimental uncertainties in the
widths of many states are large. In the case of the
Py1(1440), the uncertainty is nearly a factor of 3. Ta-
ble 2.1 shows experimental masses and widths for some
states, with their uncertainties as listed in the RPP. The
P;1(1440) is listed as a single well established resonance.
This conclusion is based upon the Karlsruhe-Helsinki!®
and the CMU-LBL!! partial wave analyses. The signif-



Table 2.2 Decay modes of Baryon States (%]
State aN | oN Nrxnr
P{1710) |10-20 | ~ 25 < 50
Pi3(1720) | 10-20] ~ 3.5 <75
G17(2190) | ~ 14| ~3 ?
Hyo(2220) | ~18 |~ 0.5 ?
G1e(2250) | ~10] ~2 ?
Iy,1(2600) 5 ~ 2 ?
Py;(1910) ]15-25 - <75
Ps(1920) |16-20| - ?
Dys(1950) | 5-15 - not seen
Fy7(1710) {35-45] - < 40
H;1:(2420)] 515 | - 7

icantly different values found for the width of this state
in the two analyses is disturbing. Clearly, the analysis
of this energy region is complicated due to the open-
ing up of the 7A(1232) channel. In fact, Blankleider
and Walker'? have demonstrated that coupling to the
xA by itself can generate resonance like behaviour. Ina
more recent analysis by the VPI group'® which included
new of #N data in the energy region of the P1;(1440),
two poles were found in the complex energy plane, at
(1359, -100i) and (1410, -80i) MeV. This result let to
speculations about a possible splitting of the P;; into
two states. Arguments have been presented!* that such
a double pole might just be what is expected from sin-
gle resonances in the presence of open inelastic channels.
While there is no conclusive evidence towards either one
of these interpretations, recent *N — N data from
LAMPF and Leningrad!® in the energy regime of the
P;, may afford a new analysis of the K-H or CMU-LBL
type to shed more light on this problem.

2.1 Missing Baryons States

Koniuk and Isgur'® have suggested that the prob-
lem of the missing states may be related to the lack of
data in the inelastic channels. They predict most of
the missing states decouple from the N channel. The
xN — xN process becomes rather ineffective in this
case. Many of the N==2 and N=3 states are predicted

to couple strongly to Aw and pN. If the #N chan-
nel does not totally decouple from the resonance, the
pro- cess *N — wx N may offer a better chance for de-
tecting these states. Analyzing this channel in bubble
chamber data, Manley'? found evidence for one of the
predicted states, a Fy; with a mass around 2000 MeV.
In case the decoupling from the #N channel is nearly
complete, electromagnetic transitions may be the only
way to search for these states. Obviously, our picture
of baryon structure could change dramatically if these
states did not exist. An extensive search for at least
some of these states is urgent.

Inelastic channels are not well determined experi-
mentally, due to the lack of sufficiently detailed data in
the TN = xx N, N — mxx N, and 7N — nN channels
(table 2.2). The lack of knowledge of these fundamental
resonance properties has serious consequences regarding
systematic uncertainties in the extraction of photocou-
pling amplitudes, where properties of the hadronic ver-
tex are needed as input.

3. ELECTROMAGNETIC TRANSITIONS

The v,V N* vertex for the transition into a specific
state is described by three (two for J=1/2 states) ampli-
tudes, 4,/2(Q%), 432(Q?), S1/2{Q*), where A and S
refer to the transverse and scalar coupling, respectively,
and the subacripts refer to the total helicity of the v, ¥
system. Spin and isospin have tc be extracted by mea-
suring the angular distribution in different isospin chan-
nels. Many of the lower lying resonances (W < 1.8GeV)
decay dominantly into the Nx or Nq channel. Exper-
iments have therefore concentrated on single » and 7
production. In the following section the current exper-
imental situation is reviewed.

3.1 Radiative Transitions with AL;q = 0.

The photo- and electroexcitation of the A(1232) is
predominantly mediated by a magnetic dipole traasition
M corresponding to A;;z = (I/s/i)A,/—,. In terms
of the most naive, SU(8) symmetric quark models the
transition is explained by a spin flip of one of the va-
lence quarks in the nucleon ground state. In more elab-
orate, QCD based models the electric Ey4 and scalar
5,4+ quadrupole contributions are predicted to be small
but non-zero, corresponding to non spherical ALy = 2
components. Table 3.1 shows results of model calcula-
tions for the ratio By /M.

Current datal! are not precise enough to discrim-
inate between most of the models. A possible excep-
tion is the Skyrme model which appears to be ruled
out by the Q7 = 0 data. The data allow for a range
Eii/Myy = 0to ~1.5% at Q7 = 0. At high Q* theratio



Table 3.1 &4 /M4 [%)] for v,NA(1232)

Model Q=0 |Q*<3GeV?|Q? = )
NRQM?Ie.14 0.7 0.7 to -5.

RQM!® 1.4 1.4 to -5.
MIT Bag!? 0.

Chiral Bag?®31| .09 to -1.8

Skyrme??33  |.2510-5.0

pQCDH +100.

cannot remain smell, since perturbative QCD requires
E\i/M; — +1 at Q* —+ . Precise measurements of
the Q% dependence are obviously of great importance
for the development of realistic models of the nucleon.

Electromagnetic excitation of the Roper resonance
Pi;(1440) is of particular interest. The QCD inspired
non-relativistic quark model has difficulties in describ-
ing its radiative decay width. This discrepancy has
raised questions?® about the nature of the Py,(1440).
The SU(8) classification of the P;,(1440) is that of a
[56,0%]2 state. Prerise data on photo- and electroex-
citation of the Roper can help reveal the true nature
of this state. The non-relativistic quark model predicts
for the nentron/proton ratio: A;‘/,/A.’l',2 = —2/3, re-
lated to the magnetic M;_ transition. In chiral bag
model caleulations®! this ratio is closer to -1 at Q% = 0,
because of contributions from the pion cloud. With in-
creasing @2, however, the role of the pion cloud should
be diminished, and the quark composition is expected
to dominate its properties at higher Q. An interesting
consequence of the N = 2 assignment of the Py, (1440)
is its predieted dominance over the A(1232) at high Q3.
The NRQM predicts:

A,,,(PH(IMO))“ g

Ay (A(1232)) )
The dais are shown in Figure 3.1. The value -2/3 is
clearly preferred for the neutron/proton ratio, however,
» value closer o -1 is not ruled out. The Q? dependence
is virtually unknown. An analysis?® of older DESY and
NINA data at Q* = 1GeV? suggests a zero crossing of
the 4;,; amplitude at small Q?. Non of the explicit
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Figure 3.1 Transverse (left) and scalar (right) photo-
coupling amplitudes of the Roper Pyy(1440) for proten
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{open squares} and neutron targets. Calculations for

protons by Foster and Hughes®® (dots); Warns et al!?

(NRQM: long dashes, RQM: solid}; Li and Close®™ [shori
dashes).

quark models comes even near to describing the Q2 be-
haviour suggested by the @ = 0 and Q? = 1.0GeV?
data. Relativistic corrections give uncomfortably large
effects, which spells some doubis about the validity of
the {v/¢) expansion in this particular case. Predictions
for the longitudinal (scalar) coupling are much less sen-
sitive to relativistic corrections. In some quark model
calculations!® the transition to the P;;(1440) is pre-
dicted to exhibit an exceptionally strong longitudinal
coupling. The predictions are in fair agreement with
the @3 = 1GeV? anelysis (Figure 3.1). Clearly, more
precise and more complete data are needed for more
definite tests of the above mentioned predictions.

3.2 Radiative Transitions between the [56,0%],
and the [70,17]; Multiplets

Of the seven S=0 states associated with the {70,17],|
multiplet only the D;3{1520) and the §,;(1535) have
been studied with electromagnetic probes, in some de-
tail.

3.2.1 The 4,p — $11(1535) Transition

The $11(1535) is characterized by a large branching
ratio into the nN channel (= 50%). Since the nearby
D,3(1520) state has a very small decay width into 7N
the $,:(1535) can be separated off in a rather straight
forward manner. Electroproduction results indicate a
slow falloff with Q? (Figure 3.2). Up until recently,
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Figure 3.2 Transverse photocoupling amplitude Ay, for
the transition v,pS11(1535). Model caleulations by Li
and Close®™ (short dashes), Warns et al'® (solid lines,
for different confinement potentials), Foster and Hughes™
(dots), Konen and Weber®® (long dashes}, Forsyth and
Babcock 3° (dashed-dotted).

this behaviour could not be explained within the frame-
work of quark models. However, recent extensions of
the model to include relativistic effects have been quite
successful in reproducing this particular behaviour. It
is interesting to note that within the framework of a
specific model, the absclute normalization appears to
be sensitive to the parameterization of the confinement
potential. This lends confidence to the idea that by
carefully studying many resonance transitions, & great
deal can be learned about the confinement potential.

3.2.2 The v,p — D13{1520) Transition
At Q% =0, the D;3(1520) is predominantly excited
by Asj; transitions. With increasing Q?, A;/; becomes
the dominant contribution. This is demonsirated by
displaying the helicity asymmetry
A g = Ai/z - Ag{:‘
b A+ Al
A summary of the data is presented in Figure 3.3. It is
worth noting that effects due to the radial wave function
tend to drop out in this quantity. The helicity asymme-
try is therefore sensitive to the photon-quark dynamics.
The noted helicity switch is qualitatively in accordance
with quark model predictions®?, as weil as with expecta-
tions from helicity conservation in perturbative QCD at
high Q*. However, it is the details, of how, and at what
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Figure 8.3 Helicity asymmetry of the v,pD13(1520) tran.|
sition. Quark-model calculations by Ono®® flong dashes),
Copley® (short dashea), Li and Close?” (NRQM solid)

Q? this transition occurs that will provide us with more
insight into the internal dynamics of the nucleon?®.

3.2.3. Test of the Single Quark Transition Model

Within the framework of single quark transitions
in SU(6)w symmetric models, radiative transitions be-
tween the [56,0%]y and the {70,17]; multiplet are de-
scribed by 3 amplitudes®?, called A, B, and C. These
are related to the quark orbit flip current, the quark
spin flip current, and the combined spin flip and orbit
flip current with AL, = 1, respectively. Radiative tran-
sitions between all states belonging to these multiplets
can be expressed in terms of linear combinations of these
amplitudes.

Knowledge of the A4,;;, Ay, amplitudes for the
511(1535) and the D;3{1520) states allow the determi-
nation of the A, B, C single quark transition amplitudes.
These can then be used to predict transition amplitudes
for other states. Recent caleulations in a relativized
quark model'® predict deviations from the SQTM at
the 20% level. Unfortunately, information from other
states is limited to proton targets and is of poor qual-
ity. Current experimental information of the 5;,(1650),
531(1620), and D,35(1700) is summarized in Figure 3.4,
The data are not in disagreement with the SQTM pre-
dictions, however, they are not accurate enough to test
deviations from the SQTM at the predicted level.
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D,3(1520) data and the algebraic relations of Hey and
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3.2.4 Quark Multipoles for v, + [56,0%]y — [70,17];

The single quark transition amplitudes can be ex-
pressed in terms of quark electnc and quark magnetic
multipoles®®, e£% miE, miL*! the first one being re-
lated to the quark orbzt flip, the la.tter ones to the quark
spin flip, and the quark spin-orbit flip amplitudes. For
the transition [58,0+]p — [70,17]; one obtains™ (in
units of [ubGeV]})

A = 8.88e]"
1/2(B - C) = —8.31m]!

1/2(B + C) = +6.31m]?

More direct information about the photon quark dy-
namics can be obtained by factoring out an explicit
dipole formfactor dependence

1

2y L
Fl@er) (1+@3,,/0.71)7

where the 3-momentum is evaluated in the equal veloc-
ity frame (¥v» = —¥n) to minimize relativistic effects.
The only justification for such a choice is the fact that
it describes the @* dependence of the elastic formfactor
(note that 651,, = @? for elastic scattering). Using this
expression, reduced quark multipoles can be defined as:

—EIIF(Qenf). "“mllF( evf)

mi? = i F(Qhy)
§2|Qeef|F(Qeuf) m}l = ﬁleétvle(Q-iuf) i

m _m]HIQeuIIF(Qeuf)

The results for the [70,1~], multiplet are displayed in
Figure 3.5. The reduced multipoles 11, and /il exhibit

a very simple Q“f dependence. e}‘ is independent of

QE”, and ]! rises lineazly with Q f At small Q“!,

ml? has nearly the same slope as mj!. This indicates
that the reduced spin orbit term C is approximately
constant at Qev! < 1.5GeV?. The simplicity of the

Q"f dependence calls for a simple explanation. To my
knowledge there has not been any theoretical effort to
describe this behaviour of the quark multipoles. The
naive NRQM provides an explanation of the reduced
quark electric multipole being constant, and predicts a
linear rise of the reduced spin flip amplitude B, but siace
€ = 0, the NRQM predicts m!? = m]?, in contrast to
the experimental findings.

3.3 The Transition v, + {56,0%]; — [56,2%];

The most prominent state of the [56,2%]; super
multiplet is the Fyg(1688). This is the only state in the
multiplet that has been studied experimentally over an
extended Q? range. Similar to the Df;(1520), the pho-
toexcitation dominantly helicity 3/2 and hence ATN{ Fis)
= 0, at Q% = 0. The data show a rapid changein the he-
licity structure with rising Q* (Figure 3.6). The switch
to helicity 1/2 dominance is qualitatively reproduced
by quark model calculations. Clearly, much improved
data are needed for a more definite comparison with the
theory.
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Figure 3.5 Reduced quark multipoles for the transition
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A determination of the four contributing SQT am-
plitudes {note that there is also a spin-orbit flip ampli-
tude D with AL, = 2) is presently not possible because
of the lack of electroproduction data for a second state
in this multiplet.

3.4 Baryon Resonance Transitions at High Q?

At high energies, perturbative QCD makes simple
predictions about the asymptotic Q? behaviour of the
helicity amplitudes for resonance excitation. Based on
the theoretical model of Brodsky and Lepage®®, who
factorize the process into a hard scattering part and a
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Figure 3.6 Helicity asymmetry for the v,pFy5(1688).
Same models as in Figure 3.3

'soft’ non-perturbative part described by quark distri-
bution functions, Carlson®® has shown that

. A1/:(Qz) = Cl/er As/:(Qz) = cz/st Q‘2 —+ oo

if logarithmic terms are neglected. Information about
the quark disiribution functions and the normalization
constant C, can be obtained from QCD sum rules,

Of course, the first question to address is: At what
momentum transfer does this deseription apply? Inclu-
sive data have been interpreted®” such that this may
occur at Q% = 4 to 5 GeV?, However, others®® have
disputed thet claim, arguing that asymptotic behaviour
will occur at much higher @*. Conclusive test require
exclusive data, where the resonances are uniquely iden-
tified, and their respective helicity amplitudes have been
separated. Separated data exist for Q? < 3GeV? only,
and only for a few states. In Figure 3.7 the 4,/ data are
shown, multiplied by @*. The onset of the asymptotic
regime would be indicated by the Q? independence of
this quantity. This is obviously not the case for this lim-
ited Q? regime. However, it is interesting to note that
the highest Q? data are in the ballpark of the asymp-
totic predictions. It is also interesting to note that for
the 5;;(1535), the calculations within the framework of
relativized quark models, yield values for the highest Q?
point which are in the same ballpark as the asymptotic
predictions. The non-relativistic version clearly fails for
0? > 0.6GeV.
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4. Experimental Prospects of Electromagnetic
Resonance Excitation.

4.1 Single 7 and n Production

It is useful to distinguish baryon resonance stud-
ies according to the complexity of the final state event.
Most of the existing data is single 7 or n production.
This channel is particular sensitive to the lower mass
resonances ( W < 1.7GeV) which decay dominantly
into the wN channel, or in the case of the 5,;(1533)
into 7IN. Much of the theoretical formalism involved
in data analysis has been worked out for these chan-
nels. A thorough study of the lower mass region requires
precise experimental studies of the single pseudoscalar
meson channel. In single pion electroproduction from
nucleons 11 independent measurements are needed at a
given kinematical point Q%, W, 8., to determine the
amplitudes of the process v,N§ — N'r in a mode! in-
dependent fashion. The complete determination of the
transition amplitudes in pion and eta production is a
long term goal of nucleon rescnance physics with elec-
tromagnetic probes. This program requires high statis-
tics measuremenis of unpolarized cross sections, and
detailed measurements of polarization observables us-
ing polarized beams, polarized nucleon targets, and the
measurement of nucleon recoil polarization.

Mensurement of the single pion cross section allows
determination of four response functions:

c_i% = g + eop + eoprcosld + \/55(1 + ejorrcosd

Using a polarized eleciron beam one additional response
function can be measured. Measurement of polarization
asymmetries with polarized targets or recoil polarime-
ters will be important. In either case, eight response
functions can be measured. Using a polarized beam in
conjunction with a polarized target or recoil polarime-
ter, five more response functions can be accessed. Since
polarization observables contain interference terms of
amplitudes they are sensitive to small amplitudes and to
relative phases between amplitudes. Already, informa-
tion of limited statistical accuracy will prove extremely
sensitive to determining absolute values and signs of
small amplitudes which are otherwise not, or only very
difficult accessible.

Not all the response functions contain independent
information. In particular, only four of the response
functions measured with a polarized target are differ-
ent from the ones measured wiih recoil polarimeters. In
many applications the two methods can be quite com-
petitive, which allows one to select the more convenient
techniques.



The main objective is to disentangle the various reso-
nant partial waves. This requires measurement of com-
plete angular distributions with respect to the direction
of the virtual photon. Also, measurements in different
isospin channels are needed for a separation of resonant
and non-resonant amplitudes with different isospin as-
signments. Complete isospin information can be ob-
tained from a study of the reactions

Yo +p—-p+a’

YTotp—ntwt

Tet+tn—p+aw”
In addition, measurement of

Tetp—ptn

selects isospin 1/2, and is a unique means of tagging the
3”(1535) and the .P“(1710) resonances.

The various experimental requirements call for an
experimental setup which allows messurement of com-
plete angular distributions in different isospin channels
simultaneously.

4.2 Multiple Pion Production.

For higher masses, multiple pion production due to
channels like Ax, pN, wN becomes dominant. There-
fore a study of baryon resonance production in this
mass region necessitates measurements of these chan-
nels. As already mentioned, the QCD motivated exten-
sion of conventional quark models predict many states,
with masses above 1.8, which have not been observed
in mN — xN reactions. Theoretical caleulations!? indi-
cate that many of the "missing” states tend to decouple
from the N channel due to mixing, however, they may
couple strongly to chanaels like pN, wN , &m, Electro-
magnetic production of these channels may therefore be
the only way to have access to these states, In fact, sev-
eral of these states are predicted to couple strongly to
real and virtual photons®®. For example, the Fi5(1955),
and the F35(1975) should be almost as strongly excited
as some of the prominent states at lower masses. Search
for these states is important and urgent. Models exist,
such as the quark cluster model*® that can accommo-
date known baryon states, but predict a fewer number
of states.

4.3 Hybrid Baryons States

Recently, there have been speculations about the
existence of hybrid baryon states'! consisting of 3 va-
lence quarks and one valence gluon. The valence gluon
gives rise to additional baryonic states (hybrid baryons)
{@%g). In hadronic production experiments these states
are difficult to distinguish from ordinary (Q*) states be-
cause they are, unlike hybrid mesons, characterized by

quantum numbers which are also possible for the normal
baryon states, How can we search for these states using
electron or photon beams?

The Py,(1710) has been proposed as a candidate
for the lightest hybrid baryons?®, Othersi? have argued
that the mass of the lightest hybrid baryon should not
be lighter than 2.2 GeV, In any case, the Barnes-Close
selection rule requires

A:}:(Q’) =0, 4],(Q) #0

for the lightest hybrid Py state. Hence, it can be photo-
produced from neutrons but not from protons. For
protons, the experimental photocoupling*? is consistent
with zero within fairly small errors, The neutron data
are inconclusive. Measurement of the @Q? dependence
should allow clarification of the nature of this state, A
fon-zero proton result at any Q? would be evidence in
favour of the (*Q) nature of the state. The Q? de-
pendence can hence be used as a filter to discriminate
between (*Q) and (3Qg) states.

4.4 Multiple Quark Transitions

It is well known that the [20,1+) multiplet with its
antisymmetric wave function cannot be excited from the
ground state in a single quark transition. Experimental
evidence for this transition would signal the vielation
of the SQT hypothesis. Calculations within the frame-
work of a relativized quark model!? indicate that the
MQT amplitudes may be as high as 10 to 20% of those
for the SQT process. Clearly, the observation of these
transitions requires high statistics measurements under
conditions where interferences of the MQT amplitudes
with dominant SQT amplitudes are important.

4.5 Experimental Aspects

Many details of baryon resonance excitations, in
particular at lower masses, may be addressed with mag-
netic spectrometers having small solid angles, but be-
ing able to withstand high background radiation lev-
els. This way, single pion production in the A(1232), or
eta production in the §13(1535) region can be measured
with high precision. Small solid angle, high rate mag-
netic spectrometers may also allow accurate measure-
ments of proton recoil polarizations in reactions suck
as:

et+p—etp+nt

e+tn e+ p+a”
e+p—oe+gp+1.

Experiments are in preparation at MIT-Bateg®t and at
MAMI-B (Mainz)*®, aimed at precise meagurements of



Figure .1 The CEBAF Large Acceptance Specirome-
ter (CLAS). Siz symmeirically arranged superconduct-

ing coils generate an approzimate toroidal magnetic field.

Drift chambers, tirne-of-flight counters, gas Cerenkor
counters, and an electromagnetic calorimeter provide
particle identification, charged particle tracking, and en-
ergy medsurements for electromagnelic particles, The
field free region around the target allows use of polar-
ized solid state targets,

single 7° production off protons in the A(1232) region,
with the goal of extracting more accurate information
about the small B\, and $; multipoles.

A comprehensive and efficient experimental pro-
gram to study electromagnetic transitions of baryon res-
onances in a large kinematical region, calls for experi-
mental equipment with large solid angle coverage, the
possibility to measure peutral particles, and the capa-
bility of accommodating polarized proton and neutron
targets. At ELSA, the large acceptance spectrometer
SAPHIR is nearing completion®®. This detector is based
on a large dipole magnet. It is aimed at measuring
multiple pion and kaon photoproduction in the baryons
resonance region. At CEBAF, a large acceptance spec-
trometer (CLAS) based on a toroidal magnetic field has
entered the construction phase'”. A large portion of the
scientific program for this detector is aimed at studies
of baryon resonance excitations*® using electron beams.
Figure 4.1 shows an artistic view of the CLAS spectrom-
eter.

5. CONCLUSIONS

In spite of the enormous effort put into the study
of hadronic properties of matter, the field of light quark
baryon spectroscopy appears to be still in its infancy.
This is due to several factors. First, theoretical guid-
ance based on models which have some relationship to
the theory of strong interaction QCD was established
only after the bulk of the experiments had been com-
pleted. Second, all of the high statistic experiments are
single pion production measurements. In view of QCD
based quark models, this allows the study of lower mass
states with a large elasticity, However, single pion pro-
duction measurements are not suited for the study of
most of the higher mass states. These are predicted to
largely decouple from the 7N channel, which makes this
channel less and less sensitive to resonance excitation in
the higher mass region. Third, with the exception of low
energy machines such as LAMPF, there are presently
no hadron machines available where these experiments
could be done in an efficient way. As a consequence,
some of the most fundamental problems in intermedi-
ate energy, strong interaction physics, the interaction
of quarks and gluons in confined systems cannot be ad-
dressed experimentally. The only hope is that a machine
like KAON in Canada is approved, and that adequate
equipment for multi-meson producticn experiments will
be implemented.

The electromagnetic sector suffered from the same
shortcomings. In addition, the notorious rate problem
in electroproduction experiments prevented high statis-
tics experiments from being carried out, even for single
pion production. Fortunately, the prospects in this see-
tor are indeed excellent. With the new CW electron nc-
cclerators in the GeV and multi-GeV range now under
construction, and with the use of modern experimental
equipment, the scientific community will have powerful
instruments in hand, which will allow an onslaught on
wmany of the outstanding problems in strong interaction
physics,
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