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Abstract

Eta photoproduction on the nucleon is studied in a model containing baryon \
nucleon Born terms and t-channel vector meson exch ge and is pared to existing data.
In nucl pplication we p t differential cross sections for d, ®He, 3H and ‘He. In
particular phot duction on the deut and 3He will be ideal in order to study the

elementary -a-naao.. on the neutron and subsequently the isoscalar excitation of the S; 1(1535)
resonance.

1. Introduction

During the last few years, there have been a number of theoretical advances and experimental
developments in the field of electron scattering and the structure of baryons and mesons. With
the advent of high duty cycle electron accelerators very precise data has been obtained, e.g. for
threshold x° photoproduction on the proton. The unexpected deviation between these results
and theoretical predictions mainly based on the low energy theorems (LET) triggered a series of
theoretical activities in the field of meson photoproduction'). With the recent completion of the
modern electron accelerators at Mainz and Bann and. the. onstruction of new detectors it is pow
possible to measure eta photoproduction from hreshold.ab 103 MeVaipd9.85
€ven higher energies at Bonn with a similar precision as pion photoproducti
of data has already been taken and is currently being analysed?®). These upcoming results will
improve our knowledge of the (v, %) process enormously; currently it is only based on some very
old measurements of 20 years ago*®) and some more recent data from Tokyo®) and Bates”).

Unlike pion photoproduction, no LET can be derived for eta photoproduction for 3 good
reasons: (i) The expansion parameter u = m,/my = 0.6 is too large to provide convergence up to
order p?; (ii) due to large n—n’' mixing with a mixing angle of about 20° and a non-conserved axial
singlet current A% for the #', there is no PCAC theorem for eta mesons; (iii) there are nucleon
resonances, mainly the 5,,(1535) close at threshold (Wi, = 1478 MeV) violating strongly the
condition that the internal excitation energy must be larger than the mass of the meson.

Therefore it is not surprising that nucleon resonance excitation is the dominant reaction process
in (y,n). Firstly in contrast to pions which will excite A(T = 3/2) as well as N*(T = 1/2)
resonances, the n meson will only appear in the decay of N* resonances with T = 1/2. In the
low-energy region this is dominantly the S, (1535) state that decays in 45-55% into 9N, the only
nucleon resonance with such a strong branching ratio in the n channel. This result is even more
surprising as a near-by resonance of similar structure, the 511(1650) has a branching ratio of only
1.5%. This "9 puzzle” is not yet understood in quark models of the nucleon.

The first attempt to describe (v,7) on the nucleon was made in 1973 by Hicks et al®) who
fitted a series of nucleon resonance parameters to the available data. This model was improved by
Tabakin at al®) in 1989. Benmerrouche and Mukhopadhyay used a lagrangian method and added
to the nucleon resonances the nucleon Born terms and vector meson exchange contributions'?).
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in a very ailterent approacn, Bennhold and Tanabe'!) derived a dynamical model which em-
ploys *N — xN,#N — xxN and x~p — nn to fix the hadronic vertex as well as the propagators
and the YN — x N to construct the electromagnetic vertex. In this way this method is more a
prediction than a fit for the yN — nN reaction.

The aim of our paper is to extend the model of Bennhold and Tanabe by taking into account
the background from s, u-channel nucleon Born terms and p,w exchange in the t-channel and to
apply the operator on elastic eta photoproduction reactions on the lightest nuclei, d, *He, *H and
*He. Due to spin and isospin selection tules, a combination of all these light nuclei with well-
known nuclear structure will finally allow us a complete determination of the individual multipoles
of (7, n) for protons and neutrons as well. For instance, a very elementary question concerning the
structure of the S, resonance and the " puzzle” will be: "How large is the isoscalar amplitude?”.

In section 2 we will shortly ize the model of Bennhold and Tanabe and
will describe our full (v, ) operator. This will be compared to the existing data on the proton.
The formalism of (7, ) on nuclei will be derived in a coupled channel framework with complete
final state interaction in section 3 and predictions for differential cross sections of elastic (7, )

on d, *He, °H and *He will be given. In section 4 we will summarize our results and give some
conclusions. -

2. Eta photoproduction on the nucleon

The dynamical model of Bennhold and Tanabe'') is based on the observation that near n
production threshold three nucleon resonances Py,(1440), Dy5(1520) and S,,(1535) play an im-

portant role. Assuming an isobar model for each partial wave the transition amplitude can be
written as

ty(W) = £} D7'(W) )

where W is the invariant energy and i,j = x,7 denotes the xN and nN channels, respectively.

The vertex functions f; are parametrized with coupling strengths and formfactors and the N*
propagators are given by

DW) = W = mq = Z,(W) - £,(W) + iT,.(W) @

with the bare resonance mass my.
The self-energy I associated with the N and NN intermediate states is given by

. _ 00 An&ﬁ M h. a B»A~+Au\>wuluv.
EM =), & meE@ ?v W -l - Bn(@) ¥ ©

with wi(q) = \/m? + ¢?, En(q) = 4\>~» +¢* and M denoting the nucleon mass. The 27-decay
width T, is parametrized with one free parameter. The six parameters in this approach have

been determined for each partial wave by a least-squares fit to all data of the reactions 7N —
*N, 7N — xxN and #~p — yn and can be found in ref.}?)
For a convenient use of this operator, especially in nuclear application with multidimensional

integrals, we have obtained simple parametrizations of the self-energy X, eq. (3), in very good
agreement with the exact numerical values.

ReZ

a+ (b vz + b,2°)0(~2) + (12 + c2%)6(z), (4a)

T = (dvVZ+dyz+dy2*)0(z) (4b)

with z = (W — M — m;)/m,, i = x,7 and the step function ©(z). The parameters are given in
table 1. Finally the decay width in the 2rchannel is given by
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Vv 9r Av Av
w17 0 1.4 GeV 0.192
p|25 1525 18GeV 0.89

Table 2: Coupling constants and cut-off masses for the background vector meson exchange con-
tributions. For the Born s~ and u-channels we used nu\:nu—h.

widths of the vector mesons. The largest uncertainty, however, appear in the yN N coupling. Here
not even the structure of the coupling PS or PV is known. For the coupling constant .ﬁw\sa the
values in the literature range between 1 and 5, the larger ones are found in the Bonn potential'?)
while the smaller values are preferred by the current (7, 7) data on the proton. An important aim

of the eta photoproduction will also be a better determination on this coupling constant which is
rather insensitive in NN interaction.

target | 5,,(1535) Born PS Botn PV w+p
proton 13.1 -6.2 -11 3.0

neutron -7.2 42 -1.2 -23

Table 3: Contributions to the threshold amplitudes of ReEy, in units of 10-%/m,
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Fig. 1: Real part of the Eo; amplitude for (v, ) on proton and neutron. The dotted line gives the pure
resonance model from ref.!!) and the dashed and full lines show the inclusion of PV and PS background
terms respectively. -

In table 3 we give the individual contributions for the real part of the threshold amplitude
Ey, for protons and ncutrons and in Fig. 1 we show the energy dependence up to 900MeV.
Both multipoles are dominated by the Sy,(1535) dipole resonance. Similar as in quark model
calculations, also in the Bennhold-Tanabe approach it turns out to be mainly isovector with
me\@%n = 0.29 for the resonance. Taking into account the background contribution this result

changes only slightly for PS (0.31) and gets even smaller for PV coupling (0.17). Whereas the
PV coupling gives an enhancement of the Ey, multipole, the PS coupling reduces the amplitude.
The same signature appears in the total cross section of Fig. 2, where we compare our results with
the existing data. From these results a clear preference to either coupling is not possible. This
changes, however, in the case of the differential cross sections in Fig. 3. The PV coupling clearly
overestimates the data and the PS model is experimentally preferred. Both figures demonstrate
the need for new and precise experimental data that is already in the analysis®?).
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Fig. 2: Total cross section for yp — np near threshold. The curves are as in Fig. 1, the experimental
data are from ref. 7) (o) and ref. 13) (o).
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Fig. 3: Differential cross section for yp — np at E, = 729 MeV (a) and 750 MeV (b). The curves are
as in Fig. 1. The experimental data are from ref. 7) (o) and ref. 4) (o).

3. Eta photoproduction on nuclei
Eta photoproduction on nuclei can be developed in a straightforward way by the same method

which has been applied very successfully in pion photoproduction'*). In momentum space the
nuclear photoproduction amplitude can be written as

SV (r B 8 ¢ Fuld.d") Via @', F)
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‘Apa1yradsor g pue 90 = Aﬁ.v.&\m%& Yiim ones f[. 03 3ff, 3Y) moys
§2AIND Pajj0p-Ysep pue paysep oy, ‘uostredwod 1o} uojoid 0} UOINIU JO ORI IY) SMOLS AUI| PajOP YL,
‘U0 plemio] je H pue 3l uo uondnpoidojoyd ej2 jo sUO1IAE §S0ID [RUAIIYIP Jo olyey g ‘i

A>®§v..==hu.l x.m
ocl 0oL 08 09 ov 014

v T v T T T ! T ' 0’0

e et

I 1zo

! 1 2
¥'0 lm-..ﬁ\

- o] g Y

. e

R ws 4 80

- o0 = e ]

N N N 1 " 1 " 1 s (0} }

“(og "Jo1 W01} 21% wvp [BIUAWILRAXD Ay, "A[9A1309d5a1 §°) PUR () JO SOIBI )M PAUIRIGO 18 SIAIND
P3110p-ysep put paysep 3YJ, ‘€70 = N-.Wm\ A.wwm Y34 X33 3y3 Ul paqUIOEIp [3poul Ino Yjim pauleiqo
U33q ey 3AID Pi[os Y], ‘UCINNIP IY} UO uoijdnpoidojoyd v3d 10 UOIPEE ESO1 [RUUAIIYIT (P ‘i

(Aon) “3
00L 099 029
7 0
R 1o
o / ] a
n /.z e - . \\ i ON”
! . S~ s a
- -I.I s.u . on\u}
B ‘wrs .l.l. .\.\. 7 ovm\
i 006= (2] ]
- . 1 0%
p(L'L)p ]
A A A 1 " A s 1 " A " 1 i " " ow

Teappnu 21y jo ainjeudis aiy $190[AI SIYY, ‘T < Y 10} UOKIAIIP premio} ui payead alow pue arouwr
sieadde 4t ‘oaurutuiop aaem-s utoz) pajoadxa se ‘suoaponu 1oj el Jayjel st uolynquisip ejndue ayy
SLIDYA O[], 01 dn ponu 31| [[e 10} SUOIIDIS SSOID [RIUAIDYIP Y} moys am g S q ul K[jeur]
‘apnyijdure 103294081 a1nd & pue Iepessost aind e of
Juies 3} 9q pjnom UoI}Ias sS0Id 3y} ‘3't ‘sapniijdure ayfy Jo udis ayy 09 IANISUIS JOU SI UOI}IAS SSOID
3y} ‘suodpnu 231} Jo 3sed 3y} ul sy ‘apnjdwe Iepessosi ayy 03 AYANISUIS Y} OS[R SMOYS 2AIND
SIy) 1owWIdYIN "SUOIR|NO[ed d1YsI[eal alow ul spjoy osje juawnie ajduns ayy yeyy Sutaoad sayjo
yoea 0 3SO[2 31® SIAIND om) 3Yy aFuel A31aua ayy Jo jsows 1A "uojoad pue UOIINAU Jo onyel AY)
0} onyel siyy aredwiod pue . pue 3l woij uoronpoidojoyd e39 Jo oiyes ayy moysam g St uf
.Ae_mowwvuo....._ Buuajyedsal
uold £q paajos A[jeuy sem Yoiym paseadde 3[zznd rejiunis © uorajnap ayj uo uordnpordojoyd x
Jo Apmis 3y ut yeyy dj0u 03 Jupsarajur K1aa st 4 jutod siyy 3y ‘sjepous juasaid [fe ul se jjews
se Aj[ea1 st apnyijdwre Ie[edsosi ayj ji ‘1aAamoy ‘uaas aq 0} surewas 3] ‘Aouedaidsip ay ureidxe
03 a[qe aq Aew (91) 'ba Jo sppuueyo-kx pajdnod ay) pue uondeIAUl 3RS [RUY 3Y) 3SED SIYY Uf
“V1Md uievep ayy urejdxa ued g = 0q \w%m Jo apnydwe refedsosi adie| Ajjeonsieaiun ue A[uQ
‘€20 = @wm\muﬂ yym sapnyydure (4 ‘L) repedsost [jews 1ayyel aaid sjapows yienb osfe pue ppowr
1no ‘1a1jIed pauoluaW 8Y W I Md Jo suoipaid ayy yym juawaaidesip adre] ut aq o3 swaas Yoiym
a[qe[ree a1e ejep [RjuaWLIadXa ased SIY) U] p “S1 U UOIAINAP Y3 Y3IM UOISSNISIP INO 18IS I
iy pur -l ‘83 ‘sajodny|nu onjauSew [ews
wolj ApInyua sasue yorym yred diy uids-uou sefedsosi ayy 81 Yoiym *“3 jo apnyijdwre Jualayod ayy
Apnjs ued am 3, Jo ased 3y ui ‘Ajjeury -apnjydwe o7 3uoiys ® 03 asu $aAIS UOIINAU [enpisal Yy
ajlym ‘suriay punoidyoeq pue (opy1)''y woij apnyijdwe uids-uou ayy eia yred [[ews £1aa € 03 Ljuo
aInquju0d pue () utds 03 ajernyes suojord omy Ay} A UL !saInqUIU0D apnjidure Jefedsost 3y Ljuo
358D U0IAN3P Y} U] "d]qIssadde A|[ejuawadxa jou are ‘apnjijdwe UoIINAU 2y} 10 SE ‘10 UOHORAL
A1ejudWwae Yy} Ul paAjosal jou ale Yoiym lojelado uononpoid L1ejudwa ayy jo sjrejap Apnis ued
aM 2INjONIY8 JE3PNU UMOUN-{[3M Yjim fR[NU 3y3i| uo uordnpoidojoyd =32 jo uonedydde up
"3, }O uolinquISIp aBreyd 3y} Wolj pajoeIIX3d UIIQ Sey YOIYM PIsn I 1030BjUII0} JeI[ONU
[ev130jouawoudyd ® 0 = [ = £ Y3 3, JO 35D Y} U] 'SUCHIUNJ IATM JEI[ONU DSl ISN M
(,1He/?H¢ Pu® (5 u01a3nap 104 ‘a0eds winjuawow uy uoreiZajuy ayy Suwojrad £q junodde ojur
uo03[ONU 3Y3 JO §1033 uonowr w3 Juiyey pue wopaal} jo saa1dap uids [[n} ayy Suyealy uopew
-1xordde fue wiojiad jou op am ‘1eaamoy ‘Pad] 81Yy 1Y ‘(VIMd) uonewixoidde asjndun anem
aueld ayy ‘(91) "ba jo red 351y 3y3 o) £|uo Jno pauIed UG aARY SUOHER|NI[ED INO Juasaid Y
((21) ‘b3 u1 se) uonyoeIajul UoaINU-ULsIW Jo XuIRW 3 331} Sulpuodsallod ayy 03 pajejal s YIIYM
(“A '8 ‘*%1) = fA [enuajed Jopo-ysay 3y Aq PaquISIP si UOKIRIINUL IRI[INU-UCSIUI BY) I

Ot (D)l = () (AW 75 e3T)  ri pvpe  (re
(81) B0 (BB Jbep T T D= h

uorpenba 193utmyag-uuewrddiy 3y jo uonnjos e se pajonijsucd

st 4y apnyrjdure Suuajyess uosaut ays (4,A109y3 Funayyeds ajdujnu jo uoissaa LY ayy Suisp
'SUOd[INU ja31e) [enplAIpUL
3y 03 s19Jal { pue ‘APApdadsal ‘sayeys [Ruy puv [eniul Jeaanu ayj 3joudp < (| pue < u | azaym

=f
@) < @0 ] (N |l > — = (B
v

W) w®)'w

xuyew—y uoonpoidojoyd uoapdnu-—e3a 31y ayy Jo suiay Ul passaidxa s1 L4y
'V/(1-v) =v pue (b)ip/(5)V7 (b)'q
= (b)'w £q uaa13 s1 ssews paonpal ayy ‘(B)Vg + (b)'7 = (b)!p £q pajousp si sjpuueyd snapnu-x
pue snapnu-b ayy uy £312ua eq04 3y, "wnjuawow uoid 1o 32 Yy s1 b pue ‘uojoyd ayy 1 ¥ ym




10

m 1] L — T L] — L) L] — T LJ — L] T — ) L] E
F 7+N - N+n 3
i mqﬂ 750 MevV ]
10° | = tw 5 8 T 3-8 0 3
3 P E
~ [ TTTTaT T ]
h ._Ol_ =3 y+A - A+m =
Q - E_= 700 MeV 3
3 - , -
i PWIA §
~ 10 F. E
b E 3
© ! ]
-3

10° F S 3

107 T

0 30 60 90 120 150 180

cm.
Fig. 6: Differential cross section for eta photoproduction on p, n, d, 3He, *H and *He. The experimental
data on the proton are from ref. 7) () and ref. 4) (o), the data point on the deuteron is from ref. 2°)

(2).

formfactors as the momentum transfer in n photoproduction is rather large, Q* = 7.8 fm~2 at
threshold. The biggest cross section can be expected for the trinucleon; it is proportional to the
free nucleon cross section multiplied by the square of the trinucleon formfactor. However around
90° the cross section on the deuteron gains over the trinucleon, in particular due to the not yet
understood enhancement seen in the experiment. The coherent cross section for * He vanishes for

© = 0 and reaches roughly the 10nb level in a small angular region. For most angles it falls below
1nb.

4. Summary and Conclusions

We have presented a model for eta photoproduction on the nucleon and have applied it on all
light nuclei, d, ®He, ®H and *He. The model is based on the coupled channels method of Bennhold
and Tanabe ') with S,,(1535), P,,(1440) and D,3(1520) nucleon resonances. In addition we
have added the t-channel vector meson exchange (w,p) and the nucleon Born terms. We have
studied the sensitivity of the N N coupling and found a preference for pseudoscalar coupling by
comparison with existing data on the proton. This situation will soon improve. New measurements
have already been performed at Bonn and at Mainz and the data is beeing analysed. However,

in order to get information about the isospin nature of nucleon resonances, e.g. the S,,(1535),
additional experiments on the neutron are needed. This can be realized in eta photoproduction
from deuteron and *He. In the naive quark model the electromagnetic excitation of the §,, is
almost entirely isovector, in strong disagreement with the available data on the deuteron. Recently
Rosenthal, Forest and Gonzales !?) have shown that a color-hyperfine interaction, responsible also
for the E2/M1 ratio of the A excitation, can enhance the isoscalar S, excitation considerably.
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