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Photoproduction at the Caltech
Synchrotron

 Focus on Eta meson

* Resonances
— Could they be photoproduced?
— Coupling to eta vs p1?

* Regge Theory



and

(a) : " (b)

N*"*(1688)

N** (1518)
(3" RESONANCE)

(2"° RESONANCE)

(¢) | (d)
ISOBAR TERMS

Figure 1.1 Diagrams of processes contributing to eta
photoproduction ' -




2 The DGLAFP eqguation
The singlet DGLAP equation isl?]

i ; : : 2
a-;g'u{:' ) = l dz P{:.G,LQJJ}“{T:{;"_} {5)
where P is the splitting matrix, ¢ = Iug{-[;i'i',-"."l.:'} and
u= (2t (8)

Write the Mellin transforms .
ul v, %) = ’ir dx ¥ lu(x, )
i

P{N, (%)) = f dz 2V P (2, o, (6P)) (7
Then a
5 WL GF) = PV, 0y (%)) u(N, QF) (8)
A power contribution (1) to Fi{r, %) corresponds to a pole
F{®) ay _ f F{Q%)
N — ep Q)= f:{'@?:'j ki

in QQ}- More generally, consider a contribution === f{z, ). We assume that f{x, 2%} vanishes
at r = 1 and i= differentiable, for all €. Insert in the Mellin transform integral and integrate once by
parts. to get

1 J{’ drrN—s= f (2. () (10
N — 0 - )
So there is a pole at N = e with residue
L
_fu dr folz, Q%) = £0, ) (11}

With 4 active guark flavours and a Havour-blind hard pomeron, _.F,‘,{l'_';l"‘} = ';'_ﬁ_,[f;lzj_ W ﬁndlﬂ], o
taking the residue of the pole at % = ¢ on each side of the Mellin transform (8) of the DGLAP

ecquakien,

%f{qﬂ}=P{N = en, o, (@2) ) (@) (12)

We have pre'-'imlslyl'il fitted accurate ZEUS and H1 data in the range = < 0.001, 0.045 < Q% < 35
GeV?, together with data for #7F. The result is

en = 0.437 (13)
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between 950 and 1100 MeV. Whether thls is
due to the presence of a shoulder caused by

% FRASCAT! (106* = IG" }

E THIS EXPERIMENT {~45%)

FIG. 3. Differential cross section for y+p—p +1.
The Frascati® and Stanford® data were taken at angles
around 90° ¢c.m. This experiment was performed at 45°
c.m. The energy dependence of the cross section re-
sembles the 7~ +p—n +n data.”™® An enhancement in
the 45° data, which would be expected from N***(%
=1025 MeV) decay according fo Fig. 1, is not seen.
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PHOTOPRODUCTION OF ETA MESONS FROM 950 TO 1100 MeV T

C. A. Heusch, C. Y. Prescott, E. D. Bloom, and L. 8. Rochester
California Institute of Technology, Pasadena, California
(Received 18 July 1966)

This is a report on the first part of an exper-
{ment on photoproduction of 7 mesons at the
Caltech 1.5-BeV electron synchrotron.! The

meson, whose mass and quantum numbers
were established in bubble-chamber work in
aN and KN interactions (My=548+1 MeV, JPG
-0+, C=+1), was later observed in photopro-
duction by Bacci et al. at Frascati.® The pur-
poses of our experiment were to extend cross-
section data to higher energies and, specifical-
1y, to investigate a possible contribution of
the isobar diagram, Fig. 1, to the photopro-
duction mechanism. Since the space-time prop-
erties of the n meson are the same as those
of the 7° [both particles occupy the weight-2
position in the pseudoscalar-meson octet of
sU(3)], the cross-section contributions due
to this diagram should, except for kinemati-
cal differences, closely resemble each other.
Using unbroken SU(3) the invariant coupling
ratio can be predicted and a comparison car-
ried out if the contribution of the diagram can
be isolated.?

The N***(1688 MeV) has quantum numbers
T=4%, JP=%" The angular-distribution data
from 7° photoproduction® show the dominance
of an F;, wave, with maxima at 40° and 140°
c.m. angles. Consequently, we chose c.m, an-
gles around 45° for our investigation of n pho-
toproduction. Measurement at 90° c.m. would
make isolation of the contribution from the dia-
gram in Fig. 1 hopeless.

The observation of i production by photons
having a bremsstrahlung spectrum is handicapped
by the presence of large competing background
processes. We, therefore, chose a detection
method with the intention of optimizing deter-
mination of the kinematical parameters of the
final state, All final-state particles of the pro-
cess

y+p=p+n°n°=2y)

were detected [branching ratio T'(n— 2y)/T(n

- all decays)=38.6%°]. The general layout

of the experiment is as follows: the bremstrah-
lung beam from the synchrotron, collimated
and passed through a sweeping magnet, inter-
acts in a liquid hydrogen-target (containing

approximately 1 g/cm? liquid hydrogen) before
being monitored by a Wilson-type quantameter.
The recoil protons emerging from the target
pass through a sequence of scintillation count-
ers and thin-foil spark chambers, and are re-
quired to stop in a range-determining thick-
plate spark chamber. This system fully deter-
mines the four-momentum of the recoil proton,®
The 7 is identified by detecting both decay
photons from its 3 decay mode, observed in
a plane perpendicular to the production plane,
Each decay photon was detected in shower count-
ers consisting of lead-lucite Cerenkov sandwich-
es.” The shower counters were placed at the
lab angles for the symmetrical decay of the
1 (sin%ssymﬁu /E.). Each shower-counting
system is preceded by (a) two veto counters
in fast coincidence, to insure that a neutral
particle initiated the observed pulse in the show-
er counter, (b) two radiation lengths of lead
which convert most of the photons, and (c) a
bank of scintillators which detect the convert-
ed photon and define the lab production angle.
Information obtained from this apparatus, to-
gether with the four-momentum of the proton,
overdetermines the entire final state sufficient-
1y to make a suppression of backgrounds effec-
tive. A fast three-fold master coincidence
(vy¥oP) triggered the spark chambers; all da-
ta obtained were digitally displayed in the pho-
tographic frame and constantly monitored with
a closed-circuit TV system. Pulse-height cal-
ibrations were performed at regular intervals
on all critical counters. The constancy of count-
ing rates of individual counters and coincidence
outputs provided a close check on the perfor-
mance of the fast logic.
Experimental data were obtained for incom-
ing y energies between 950 and 1100 MeV at
71 production angles around 45° in the c.m. sys-

B

FIG. 1. Isobar diagram.
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\Tnere is some evidence,® however, which sup-
rts the use of a larger asymptotic normaliza- |
on constant for the deuteron wave function

"than that of Eq. (2), and an increase of R by

‘g much as a factor of 1.5 might result.

The numerical evaluation of G(x) from Eq. (4)
was done by Edward Monasterski using the IBM
7094 at the Goddard Laboratory for Theoret-
jcal Studies.

“'11,, Meyer-Schiitzmeister, D. von Ehrenstein, and
R. G. Allas, Phys. Rev. 147, 743 (1966).
2y, Hashimoto and W. P. Alford, Phys. Rev. 116,
/981 (1959). [These authors acknowledge a private com-
munication from J. B. French.]
+ 3R, J. Drachman, Phys. Rev. 132, 374 (1963). [See
also the erratum, Phys, Rev. 139, AB4 (1965), which
does not affect the present application.]
iThe original form of the denominator should be
wf e R

voy D (D [Tare”
evenL >0
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Now, evaluating the first integral we have
oy are P 1 v 2Fy+ PR

=1+ 4-yj;md1' e_zy rFo + Zy‘j;mdf e—zy yFoz 5

The second term vanishes because of the orthogonality
of the ground-state function |0} and the first-order per-
turbation correction

N n) (a|V]0)
F“’_Z E —E -

n#0 0

5An estimate of the error incurred by neglecting L
>1 terms can be obtained by using the approximate
form Fpa(/2xY *1/(L +1) for v < 2x, and Fy =0 for
¥ > 2x (see Ref. 3, Sec. IV). Then it is easily shown,
for example, that the L =3 term is about 5% of the L
=1 contribution at x=2, and 3% at x=4.

C. F. Clement, Phys. Rev. 128, 2724 (1962).

SU(3) ASSIGNMENT AND COUPLING OF N*(1688) *t

C. A. Heusch, C. Y. Prescott, and R. F. Dashen
California Institute of Technology, Pasadena, California
(Received 22 August 1966)

A comparison of the two reactions
yHb=-n+p
and
y+p=1'+p

in the region of the third nucleon isobar N***(1688)
has produced evidence that (1) N***(1688) is
a member of a unitary octet, and (2) the D/F
ratio, which relates the couplings N***N7 and
N**¥*Np.  is similar to that which relates NNw
and NN7. One will note that (1) is in accord
with the usual hypothesis that the N*** is the
first Regge recurrence of the nucleon. Point
(2) is not predicted by any existing theory but
may have some simple dynamical origin or
follow from some higher symmetry.

The above conclusions are arrived at as fol-
lows: An [=$% object decaying into 7N (like N***)
must, in SU(3), belong to 8, 10*, or 27. Of
these possible assignments, we may immedi-
ately rule out 10* since y +p - 10* is forbidden
by SU(3)* whereas N*** is strongly observed
in pion photoproduction. To decide between

8 and 27, we compare the couplings yp*x#pnpo
and y)y x##yy; according to SU(3), the ratios
are

VygusnyyVgwonyg =3 LHWEL,

=3(3-4a)? if N¥**€8, (1)

where a/(1-a) is the D/F ratio. It is worth
noting at this point that the ratio of the couplings
can be small only if N*** belongs to an octet
with @ ~%.

To compare with experiment, we write®

TN***~p+n) flg )y NN

IO TG vgyeer

R

where the f’s are kinematic factors. The ra-
tio R can, of course, be determined by com-
paring the height of the N*** bump in the cross
sections for y+p—~p+nand y +p—p+71°. The
kinematic factor, which is taken to be

70 q(gé)L
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17, 59 (1965). ) . ) .
~Faldo-Ceolin, E. Calimani, S. Ciampolillo,
' Filosofo, H. Huzita, F. Mattioli, and G. Mi-
6% quovo Cimento 38, 684 (1965).

,!’, Franzini, I.. Kirsch, P. Schimdt, J. Steinberger,
73, . Plano, Phys. Rev. 140, B127 (1965).

oL, Feldman, S. Frankel, V. L. Highland, T. Sloan,

B. Van Dyck, W. D. Wales, R. Winston, and D. M.
gfolfe, Phys. Rev. 155, 1611 (1967).

5 M. K. Nefkens, A. Abashian, R. J. Abrams, D. W.

enter, G- P- Fischer, and J, H. Smith, Phys. Let-

jers 19, 706 (1966).

$our correction uses the theoretical estimate for

o+ n—y rate calculated by M. Bég, R. Friedberg,
gnd J. Schultz as quoted in Ref. 5. Events which fit
oy with a y momentum, in the k' rest frame, of
Jess than 50 MeV/¢ have been removed from the sam-
ple. This cut results in a 2% loss of leptonic decays.
%y, P. Samios, Phys. Rev. 121, 275 (1961).
thwe use 0 =—0.58ﬁ/c373. Ag=1.18 x10' sec™?, and

-1.85% 10'sec.
A{“ xperiments are in progress to measure the charge

..jf‘ﬂippi"
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asymmetry in Ky, —~ nev (J. Steinberger et al. at Brook-
haven National Laboratory) and in Ky, — muv (M. Schwartz
et al. at Stanford Linear Accelerator Center) in order

to resolve the ambiguity in the Wu-Yang description of
the neutral X cystem. One solution predicts an asym-
metry which would be observed in these experiments,
while the other does not, but the effects could, in prin-
ciple, be suppressed by AS =—AQ amplitudes. Our ex-
periment rules out a suppression from these ampli-
tudes of more than 10 to 20%.

1211 we ignore the charge of the lepton in the likelihood
fit, we still obtain a two—standard-deviation violation.
A x? test to the total lepton time distribution yields for
no violation P(x?) =1.5% and for best estimates P(x?)
=34%. This also corresponds to a two standard effect.

1%1n a Monte Carlo study of experiments, in which 86
positive leptons and 57 negative leptons were generated
with x=¢ =0, only 6% of the experiments resulted in a
violation more significant statistically than our experi-
ment.

WG H. Trilling, Argonne National Laboratory Report
No. ANL 7130, 1965 (unpublished), p. 115.

RECOIL-PROTON POLARIZATION IN 7° PHOTOPRODUCTION*

E. D. Bloom,T C. A. Heusch, C. Y. Prescott, and L. S. Rochester
California Institute of Technology, Pasadena, California
(Received 24 July 1967)

In this Letter, we wish to communicate the
results of an investigation into the energy de-
pendence of the polarization of the final-state
proton in neutral pion photoproduction. The
energy region covered extends from 750 to
1450 MeV/c incoming photon momentum, at
7 ¢.m. angles around 60°.

The results of this experiment indicate a
zero crossing of the 60° polarization in the en-
ergy region covered, and a very strong angu-
lar dependence. We have attempted to incor-
porate this information into a unified picture
of 7° photoproduction, making use of all the

_presently available experimental information.*

In the absence of polarization data from #°
photoproduction above ~900 MeV and outside
the 90° region, we choose c.m. angles around
60° for the higher energies. This was done
because, in a simple isobar model incorporat-
ing a possible elementary vector meson excha'nge,2
it promised to yield the most significant infor-
mation short of a fuller angular distribution
(which was excluded by limitations on running
and subsequent scanning time); and because
our experimental method was best applicable
in this region.

In order to obtain a pure sample of protons
from 7° photoproduction, we detected the re-
coiling proton and both decay photons of the
7%, This procedure sufficiently overdetermines
the kinematics so as to give us an event sam-
ple which is clean to better than 98%; also,
it allows us to determine, within the resolu-
tion of our apparatus, the inelasticity of the
analyzing scatter of the recoil proton.

The experimental procedure employed is the
following: A bremsstrahlung beam from the
1.5-BeV California Institute of Technology elec-
tron synchrotron impinged on a liquid-hydro-
gen target. The recoil proton passed through
three scintillation counters and two thin-foil
spark chambers; it subsequently entered a
modular spark chamber built out of modules
of carbon plates of varying thickness and two-
gap sparking units, which served as both a
range and scattering chamber. The dimensions
were chosen such that all protons are stopped
in the chamber, whether they undergo a scat-
ter off a carbon nucleus or not. Carbon was
chosen as a scatterer, because its analyzing
power has been extensively studied over the
energy region of interest to us (80 MeVSTp
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DIFFERENTIAL CROSS SECTIONS IN ETA PHOTOPRODUCTION FROM 0.8 TO 1.45 GeV*

E. D. Bloom,T C. A, Heusch, C. Y. Prescott, and L. S. Rochester
California Institute of Technology, Pasadena, California
(Received 8 July 1968)

The cross section for the process yp — pn was studied from 0.8- to 1.45-GeV incident

photon energy at center-of-mass angles fro
gies well beyond previous measurements. T

cleon isobars.

In this experiment we measured the differen-
tial cross section of the process

w—=pnin=2v7) (1)

by detecting all three particles in the final state,
at incoming photon energies from 0.8 to 1.45
GeV, and at 7) center-of-mass angles between 40
and 100°.

The photoproduction of eta mesons derives its
interest from two features; first, it can proceed
through the /=% channel only, so that it provides
an unambiguous probe for nucleon isobars of
isospin 3; second, the position of n meson as the
isosinglet in the 0~-meson SU(3) octet makes 2
comparison with the production of the I=1,1,
=0 m° fruitful. Since the yp vertex conserves U
spin, SU(3) symmetry predicts definite coupling
ratios for various exchanges and intermediate
states. These are features which cannot be di-
rectly extracted from 7 production, or from pro-
cesses of the type mp — 7N and np — nn.

Existing data on n production in yp and mp col-
lisions show two distinctive details: a sharp rise
above threshold and a rapid decrease of the
cross section occurring after a plateau of ~150-
MeV width.! The onset and slope of the decrease
appear to be different in the mN- and y N-initiat-
ed reactions.? There is fair evidence that in the
region of the cross-section maximum, the angu-
lar distribution of 1 production is consistent with
isotropy.® In addition, a flat cross-section re-
gion above the strong decrease spans the energy
region of the nucleon isobar N, ***(1688).*

Several authors have made an attempt to ac~
count for this structure of the production cross
section in terms of the nucleon isobars known
from 7N scattering and 7 photoproduction.® The
steep rise above threshold and the apparent iso-
tropy at the maximum of the cross section are
ascribed to the formation and decay of the N*(S,,,
1570) which was observed, with high inelasticity,
in 7N scattering.® However, the steep decrease
of the cross section, as exhibited by the existing
data, is hard to explain even with the addition of

m 50 to 90°, The data cover a range of ener-

he results will aid in the study of 7=3% nu-

other terms. There may be an admixture of a
P,, state or of the Dj,(1512), although the latter
is expected to be suppressed because of the angu-
lar momentum barrier. In addition, a specific
search for the decay of the F,;(1688)* yielded an _
upper limit which allowed the assignment of this
isobar to an SU(3) octet with 7F=£*.7 This SU(3)
assignment, together with a ratio for symmetric
to antisymmetric octet-octet coupling of a/(1-d),
~3, accounts for the suppression of this inter-
mediate state for the nN final state.

In the present experiment we sought to (1) re-
duce the errors and fluctuations on the high-en-
ergy end of the 7N threshold enhancement, (2) ob- |
tain a limited angular distribution around the Fy
(1668) energy region in order to check for F- or
D-wave effects, and (3) extend the cross-section
measurements to as high an energy as the Cali-
fornia Institute of Technology 1.5-GeV electron
synchrotron would permit. -

The detection system for the final-state protol
consisted of a spark-chamber telescope for pro
ton detection (two thin-foil chambers for track
delineation, defining the production angles to
~0.3° and a modular range chamber to stop the
protons and determine their kinetic energy with
a typical resolution of about 4 MeV) and a se-
quence of scintillator counters with pulse-height
discrimination for triggering. The etas were ¢
tected through their decay mode into two photond
if it occurred symmetrically in a plane roughly
perpendicular to the production plane. The pho*
tons passed through veto counters, a lead con”
verter two radiation lengths thick, crossed
scintillator hodoscopes to record the shower lo-
cations, and a lead-Lucite Cerenkov shower
counter.® In this manner, the eta productio? ant
decay angles were determined to ~£0.5°% and?_
rough measurement of the individual showel
ergies was obtained for consistency purposes!

As indicated below, this procedure overdet®
mines the kinematics, and allows for an offict
suppression of the backgrounds which plague,
photoproduction measurements. All kinéﬂﬂatl
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HEUSCH AND PRESCOTT: ELECTRON AND PHOTON ENERGY MEASUREMENTS

V. 3. ELECTRON AND PHOTON ENERGY MEASUREMENT UP TO L BeV

Clemens A. Heusch and Charles Y. Prescott
California Institute of Technology
Pasadena, California

We report here on work done on one aspect of
the measurement of the energy of high-energy
photons and electrons. We disregard such tech-
niques as the deflection of electrons in mag-
netic fields and the various ionization methods,
and concentrate on the fast measurement of
electron and photon energies through their dis-
sipation in electromagnetic cascade showers.
since buildup and decay of the showers are domi-
nated by successive electron pair production and
bremsstrahlung processes, the electron and photon
cases are closely similar, We will mainly deal
with the electron here, pointing out differences
for the photon case where necessary.

In Figure 1 we see the parameters which de-
scribe a showerl initiated by a 1 BeV electron.
The average number of electrons is plotted over
the penetration depth. It starts with one in the
electron case, zero in the photon case, and after
the buildup region and maximum, decays exponent—
ially. It is characterized by the position of
the mdimm (& log Eo/eo), with E| = incoming
energy, € , = critical énergy of the shower-build-
ing materSal), the height of the mexcimum (roughly
a E_), the exponential decay constant (almost
indepdndent of E_), and through the area under
the curve (o E,J. The latter quantity,

0,
7’ <n(t)>at =T = {n(tt,
o o

where T is the total track length of shower par-
ticles, is approximately the same for the average
shower and for any individual shower of the same
Eqy while the other characteristics show large
fluctiations from the means, This relation is

at the basis of all shower energy measuremerts.
The worling assumption is that the shower elec-
trons dissipate equal amounts of energy along
unit track length, irrespective of their energies,
This should be true for any process used to de-
tect the shower particles.

The two exploitable mechanisms for the revela—
tion of T which we have looked into are the ioni-
zation loss of shower particles in seintillator
Plastics, and their Berenkov radiation. The above
8ssumption holds roughly for both processes as
long as B . 1, for the Cerenkov process better
than for the productiond scintillation light,

Figure 2 shows the integrated pulseheight

spectra for #'s and electrons of B a 1, in scin-
tillator plastic and in lucite, normalized at

the median }ml.sehe:i.ght..2 The steeper front rise
in the scintillator case demonstrates the large
amount of light put out, compared with a rela-
tively slow rise for both wts and e's in the
lucite. The 7 distributions, however, have long
tails in the scintillator; so that for every

case where identification of showering vs. non-
showering particles is important, the selsctivity
of the lucite is preferable. If the scarcity of
total light output and collection is the limiting
factor, scintillation devices have to be con-
sidered., Shower detectors have to optimize the
following parameters (Figure 3):

(a) number of sampling depths, Obviously, the
more samplings we make along the penetration
axis, the better will we beat shower statistics.
The two limiting cases are 1) continuous sampling
(as in high-Z, high-n, light-transmitting
materials, e.g. lead glass and various fluids),
and 2) one or two samplings by a scintillator
behind some high-Z buildup material. The first
method would be ideal, were it not that it pre-
sents severe light collection problems, has
little adaptability to changing kinematical re-
quirements, is expensive and hard to build. In
the latter, distributions are bracd due to shower
fluctuations. We have, therefore, chosen a
medium way, sampling sufficiently frequently to
approximate 1) without running into its problems.

(b) Number of,photons emitted per unit track
length, In the & case, this is a function of the
optical index of refraction, n, which should be
high. Scintillators put out ~40 times more light
than lucite.

(c) Uniformity of light collection. This
depends on the geometry of counter and light
pipe, is excellent for lucite, poor for seintil-
lator.

(d) Transmittance of light through radiator,
favors UV transmitting lucite over other radiators.

(2) Shower containment, longitudinally and
laterally, is purely a matter of geometry and
can be adapted to incident energies.

Figure 4 shows a counter geometry we used for
showers in the 100 MeV-5 BeV region. We built
two identical counters which differed only in
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Multipole Analysis of Resonance Photoproduction*
JOHN BABCOCK
University of Minnesota, Minneapolis, Minnesota 55455
AND

JONATHAN L. ROSNER'

California Institute of Technology, Pasadena, California 91125
Received April 10, 1975

The single-quark-transition language of the Melosh transformation is used to extract
reduced multipole matrix elements from three recent sets of photocouplings for non-
strange baryon resonances. Magnetic dipole excitation of 56, L = 2 resonances is
found to be suppressed, a result to be expected if spin-orbit effects are weak. Suggestions
are made for further reduction of uncertainties in the data.

INTRODUCTION

In the past 20 years, the reaction yN — (resonance) —«N has provided a
tremendous amount of information about excited states of nucleons. Quite recently,
the accumulation of a number of different types of data (involving polarized
photons and/or targets) has enabled several groups [[-3] to extract photocouplings
for most of the well-known nonstrange baryon resonances below 2 GeV. These
photocouplings are of great interest at present. Thanks to the work of Melosh [4],
we now have a clear-cut language in which to discuss the electromagnetic transi-
tions of hadrons. This “single-quark-transition” theory seems to work surprisingly
well [5-10], confirming the quark model assignments of the resonances to which
it is applied and supporting conclusions regarding hadronic couplings obtained
from other reactions such as elastic #N scattering and #N — =4 [11, 12].

The major excited multiplets to which one can apply the single-quark transition
approach are denoted by their (SU(6)y , L) content: 70, L =1 and 56, L = 2.

* Work supported in part by the Energy Research and Development Administration. Prepared
under Contracts AT(11-1)-1764 and AT(11-1)-68 for the San Francisco Office.

* Permanent address: School of Physics and Astronomy, University of Minnesota, Minneapolis,
Minnesota 55455,
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Abstract

Eta photo- and electroproduction on the nucleon is studied using an isobar model. The model
contains Born terms, and contributions from vector-meson exchanges and nucleon resonances. Our
results are compared with recent eta-photoproduction data for differential and total cross sections,
beam asymmetry, and target asymmetry, as well as electroproduction data. Besides the dominant
811(1535) resonance, we show that the second §j; resonance, S11(1650), is also necessary to
be included in order to extract §11(1535) resonance parameters properly. In addition, the beam
asymmetry data allow us to extract very small (< 0.1%) N* — nN decay branching ratios of the
D13(1520) and Fy5(1680) resonances because of the overwhelming s-wave dominance. This model
(ETA-MAID) is implemented as a part of the MAID program (the MAID program can be accessed
from the webpage: http://www.kph.uni-mainz.de/MAID/maid.html). © 2002 Elsevier Science B.V.
All rights reserved.

PACS: 13.60.Le; Gk; 25.20.Lj; 25.30.Rw
Keywords: Eta meson; Photoproduction; Electroproduction; Isobar model; Nucleon resonances

1. Introduction

Eta photo- and electroproduction on the nucleon, y*N — nN, provide an alternative
ool to study N* besides mN scattering and pion photoproduction. There are fewer
resonances involved since the N state couples to nucleon resonances with isospin / = 1/2
only. Therefore, this process is cleaner and more selective to distinguish certain resonances
than other processes, e.g., pion photoproduction. This provides opportunities to access less
studied resonances and possibly the “missing resonances”.
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Fig. 4. Total cross section for yp — np. The data are from TAPS [15] and GRAAL [29].
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Fig. 5. Differential cross section for y p — np at energies between £ ;,ab = 1050-1100 MeV. The data
are from GRAAL [29].

Fig. 4 shows that the background contribution is very small, and the total cross section
is dominated by the $11(1533) at low energy. However, the contribution from the second
resonance, S11(1650), can not be neglected. Even though a single S; resonance can fit
the low-energy data nicely up to E}*®® =910 MeV (the dash-dotted curve in Fig. 4), it can
by no means describe the higher-energy region. Moreover, the single resonance fit yields
incorrect resonance parameters, as shown in Table 5. In fact, the decay width and photon




Acknowledgements, Thesis
Students

“provided me with continuing motivation
and encouragement”

“provided advice, active participation and
constant encouragement”



Acknowledgements, Thesis
Students, cont.

« “_his guidance, advice and high standards
of excellence throughout the whole course
of my stay at Caltech”



Acknowledgements, Thesis
Students, cont.

o “. Clemens Heusch, who rescued me from
theoretical physics™



Data Analysis?

5:39-6:42 WAM IN COMPUTER
CENTER



leelc AT CEuTRAC PRoducTion

‘;._'_‘_"‘"_* e e Hﬂ
i

> .. &°

—

— 3

1‘}\'{___,.__.*1-"‘-1- cootred Lof o

e

Twﬂ_ i ""‘A‘ +
arS

WHiCKH WL A NornBel oFf Al iNeTivE
FEATURE O




Thoughts on the Science

We should have written a review article!

Time between PhD Thesis and publication
increased after 1970

Went from BeV to GeV
Results have stood the test of time!



Thoughts about Clem
(and Karin)

Shielded us from the politics
Culture

Generosity

Loyalty

Support









	Photoproduction at the Caltech Synchrotron
	Synchrotron Footage
	Clem Heusch’s CIT Students
	Acknowledgements, Thesis Students
	Acknowledgements, Thesis Students, cont.
	Acknowledgements, Thesis Students, cont.
	Data Analysis?
	Thoughts on the Science
	Thoughts about Clem(and Karin)

