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I. Introduction

The present meeting marks the end of the first generatioﬁ experiments on pion pho-
toproduction near threshold. It is thus appropriate o try to have an overall view
on what has been achieved using this investigation method which was prompted by
the advent of the new high intensity electron accelerators. Since detailed reviews
on the subject have been presented at the International Symposium on Photopion
Nuclear Physics [f] held in Troy in August 1978, i shall only quickly summarize
the present status of the field from the view point of an experimentalist, I will
then, place particular emphasis on two topics which in my personal opinion are the
original and relevant contributions to nuclear physics of this type of study. First
Twill review the high accuracy n* threshold photoproduction cross-section determi-
nations on deuterium and helium-3. These must be considered on the same footing as
the data on electromagnetic observables, with reference to the important question °
of the description of the non nucleonic degrees of freedom in the nucleus. Second I
will discuss the 7° threshold photoproduction on very light nuclei which conveys
information on the elementary nucleonic amplitudes in an energy region where one
is sensitive to the break down of isospin symmetry as revealed by the nt, 7° and
*he n,p mass splittings.

The interest in studying pion photoproduction in the threshold energy rezion results
O essentially from the good knowledge we have of the elementary interaction-— at least
for charged pions - and of the relatively moderate interaction of low energy pions
with the nucleus. Because of these characteristics pion photoproducction near thre-
shold, and its natural extension pion electroproduction near threshold, can be vie-
wed as probes very similar to electromagnetic and weak interaction processes. These
general particularities of pion photoproduction at threshold have been appreciacad
for a long time and they motivated the experimental and theoretical effort inves-
ted in the study of the inverse process, stopped pion radiative capture which has
proved to be a very productive source of information on nuclear problems. The spe-
cific features of a given threshold photoproduction reaction are determined by the
elementary production and scattering processes on the nucleon and in the case of

charged pions by the important Coulomb interaction with the residual nucleus.

The ghotoproduction amplitude on a free nucleon is calculated using the operator

D, =Xuv+ L,
i
> . . ’
In the vicinity of threshold K and L can be accounted for using a limited number
of multipolar amplitudes. At threshold the only non vanishing cterm is the spin flip

- -

operator E.+ J €




In the isospin symmetry frame, for a given configuration of spins and pion nucleon
orbital momentum there exists only 3 independent isospin amplitudes. For instance
the s wave multipolar amplitudes, EO“ corresponding to the four photoproduction

channels are related by
e (1% - Eqe(on®) = [Epuon) + Eguan®))1/2 )

In table I we observe that the charged s wave pion amplitudes EO* are one order of
magnitude larger than the neutral ones ; on the other hand the p wave dominant am-

- plitudes. HI* do not differ very much for the different channels. Since M , in-

1
creases with energy like qk, the product of the pion and the photon momenta,

and EO’ stays almost constant, neutral pion photoproduction is already dominaced
by the p wave amplitude of mired spin and non spin flip character, 3 MeV above

threshold. Contrarily the charged pion photoproduction is governed by the s-wave
spin flip ampfitude even 20 MeV above threshold.

Pion nucleon scattering at

Table 1 . .
low energy is essentially

The EO"‘ and Ml’ photoproduction amplitudes inunits determined by the s wave scat-

of m

{q and k are the pion and photon momenta in the

1 :
qu the four photoproduction channels. tering lengths. From the ex-

perimental values given in

c.m. system). Table II one can recognize

. that the 7N interaction is

Production channel Eg+ M., .
! E weak for charged pions and
: . almost negligible for n°
y+n+7 +n 28.3 ¢ O.Sa) - 5.2 qk/m2 | . e .
- b) 71 | elastic scattering.
Y+p*TW +n -31.9 £ 0.5 6.6 qk/m" ;
Y+p+n® +p ~ 1.8+ 0.68) 1.2 qk/m? ' As pointed out by Tzara [6],
m
Y+n+7" +n 0.7 + 0.8%0 | 10.2 gk/m2 | . nmear threshold the effect of
k1 .

the Coulomb potential is cru-

' cial in the distorsion of
a) Ref.cﬂ ; b) from Panofsky ratio Ref.tﬂ H

¢) deduced using relation (i) ; d) extrapolations

the pion wave for charged

pion photoproduction on nu-

using multipole analysis ref.Bﬂ. clei. In the case of m* pho-

toproduction the cross-section is strongly attenuated. For 7~ photoproduction there
{s formation of pionic atoms below threshold ; abcve threshold, the cross-section

has a step dependence with energy. In che assumpcion of 1 poiant charge nucieu. the

‘Sommerfeld factor s describes the 7 cross section attenuation S = 277*(/eZTW
ZWY) s (Y = Ze/Miv v is the pion

- 1) or
the 7~ cross-gsection enhancement $ = 2ny/(l = =

nucleus relative velocity).,




Table II ) The finite extension of the nuclear char-

The pion nucleon scattering length in ge introduces only an attenuation of the
units cf m;' for the different charge point Coulomb potential effects.
channels

Traditionnaly two methods have been uti-

lized for the interpretation of pion pho-

Scattering channel a(m?) ‘ toproduction dita. The first one is a ge-
_ - E neralization to the nucleus of the low
Tp>Tp 0.083 + 0.003] : .
- - + . energy theorems applied successfully to
Tn-+7uTn -0.092 * 0.002} - . .
- the photon and to the pion in the nucleon
mTp - %n 0.124 + 0.003
case. However the fundamental character
7°n > 7°n -0.004 *

of the approach is somewhat lost because

of the important corrections needed to
a) experimental values from ref.[ﬁ]. correct for the real pion mass and for
the presence of nuclear excited states [7]. The second method uses a microscopic
description of the process : pions are created on the individual nucleons with the
free nucleon complete amplitude., The nuclear amplitude is obtained by adding the
nucleonic amplitudes in the nucleus as described by its wave function ; Fermi mo-~
tion of the nucleons can be taken into account by using invariant photoproduction
amplitudes Eﬂ. The nuclear amplitude must be corrected for many-body effects ; up
to now oﬁiy Coulomb distorsion and pion-nucleus rescattering effects have
beén treated, For light nuclei one mus: be especially careful in the description of
the pion rescattering in order to avoid double counting of the pion scattering on
the nucleon on which photoproduction took place. The latter is already included in
the effective production amplitude [9] (see Fig. |). For this reason pion opticzl

potential of the residual nucleus, which has been very often used, is not adequate.
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Fig. 1 - Simple scattering in ™ photcproduction in deuterium ; a) tmpulee aprroxi-
mation ; b) single scattering ; c) diagran already <neluded in a).

From an experimental point of view there ure some general features of all thruesnold
pioﬁ photoproduction measuremencs. Sv far, only electron Bremsstrahiung has been uti-
lized. The resulting high pnoton fluxes coustitute an important advantage owing to
the smillness of the cross~sections investisated. The measured quantity is the

yield corresponding to a given end=puint energy of the pioton spectrum ; it is Zne
result of the folding of the nuclear cross=section with the Bremsscrahlung spectrum

and the detection efficiency, Mo identification of the final nucivar state is




‘possible ard usually only the transition to the ground state of the final nucleus
can be measured with precision. In addition a large level spacing in the final nu-
cleus is needed to describe accurately the yield variation by changing the Brems-~
strahluang end-point energy. These very severe limitations a'’most prevent the inves-
tigation of heavy nuclei. Normalization is a difficult problem whicth can be overcome

by carrying out relative measurements.

The information which can be deduced from the study of threshold photoproduction
reacticns on nuclei as well as the experimental methods differ according to the char-

ge of the emitted pion. We will thus discuss separately the three charge channels.

-~
-

II. n* photoproduction near threshold

The experimental technique utilized consists in a measurement of the n* photoproduc-

tion yield for reaction

‘ Y+ (A2 » (Az-1) +1° o

relative to the one on hydrogen
Y+p+rnt+ L (3)

The very low energy pions stop in the reaction target and the positrons of the
T >y + e decay chain are counted in Cerenkov detectors after the beam burst. The
energy dependent nt production cross-section is dominated by the Sommerfeld factor

and by phase space ; it can be parametrized as
o = a(A,Z2)S q/k.

The quantity a(A,Z) is a slowly varying function, which can be considered as a cons-
taut in the first few MeV above threshold at least for light nuclei ; q and k are the
pion and photon momenta in the c.m. system. From the yield curves obtained for reac-~
tions (2) and (3), in varying the end point of the photon spectrim, one can extract
the ratio a(A,Z)/aP with a precision of a few percent. Using this technique :
wpo,11), we[12], *Li[13], ®se[14], *2c[1s,16], '*N[17] and '®0[i4] have been mea-
sured. The experimental results of the most important cases are displayed in table
I1I.
In a microscopic description
a(A,2) e mn/M
%p b+ m /(AM)

c2im, @) |?

. . s e ' + ‘
m and M ave the pion and nucleon masses, C, is the modification of cthe 7T amplitude

due to pion multiple scattering and the cffect of the nuclear charge extension,
.7, 2
1.0, = A—— oAzl 0. e J!.\z>
+70+ ' TR VAT ) . ’ . j A
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Table III

The n +u+e measurements .(q k w are the pion momentum, photon momentum, energy above

threshold, in the c.m. system all quantities in MeV/c or MeV ; the normalization pro-

vided by the proton cross-section cp - a, q/k a, = (201 = N [2]).

Target Model cross-section Experimental result
2 a -
2y a, o (1-0.58) | == = 0.139 = 0.004%)
1 + /1+6.5u ]
ajs
) 6.1/ He _ b)
he a3y 2 = 0.62 * 0.02
e p
a6, -
i |ag, . 3 12:3/ Li . 0.098 + 0.004
L1 k elZ.qu-l ap
12 q _31.6/q 3120 = 0,076 + 0.005%)
c aj2 —_ e)
¢ k 37.6/q-1 a = 0.083 £ 0.004

"a) Ref.[11] ; b) Ref.[12] 5 ) Ref.[13] ; @) Ref.[15] ; e) Ref.[14].

where 0. is the full one body photoproduction operator which contains in addition to
leading EO’ EjEA, momentun dependent terms. J is the initial nucleus spin-and Q  the

momentum transfer at threshold in the c.m. system,

In the assumption of frozen nucleons H+(Qf) reduces at threshold to the spin flip
form factor st(Q:). Fermi motion of the nucleons brings a contribution of the momen-~

tum dependent terms which in the case of ®Li decreases the cross-section by 10 7.

The analogy of charged pion photoproduction with other electromagnetic or weak pro-
cesses (magnetic electron scattering , Gamow-Teller 8 decay, axial vector term in
muon capture) where the matrix elements are dominated by spin-flip has been very of-
ten used to make theoretical predictions of the data. For instance the magnetic form
factor measured in backward electrcn scattering reduces also to the spin-flip form
factor when the orbital contribution is neglected. Taking advantage of this circums-
tance, wave functions tailored to reproduce electron scattering data were utilized
for calculating threshold 7 photooroduction and indeed agreement with experiment was
reached at the level of 10 to 15 % for nuclei like ®Li [19] and '?c [20]. Because of

the various uncertainties in the models this agreement seems satisfactory.

However because of the high accuracy of the data which were collected it is tempting
to ask the question : do meson exchange currents affect threshold photoproduction ia
the same way as other axial electromagnetic and weak prucesses? Because of the nu-
clear structure uncercainties, tlie only place where the contribution of mesovnic de-
grees of freedom can be investisated are the two and three nucleon svstems for wiich
"exact" wave functions jenerated by realistic nucleon-nucleon potentials are availa-

ble.




As shown in Fig. 2, the complete calculation of Laget [35], which includes the full
nucleonic amplitude and uses a realistic wave function, agr:es perfectly with the
deuterium measured cross-section. However one must correct the theoretical estimate
for the pion rescattering. Using the simple model of the fixed scatterer approxima-

tion which predicts correctly the pion deuterium scattering length, the factor C
describing the first order scattering is

C,=1+Q+x /M a(z'n) <-1':>m1r 3 :

. . 1 . . .
the inverse nucleon separation at momentum transfer k, <;¢k. is defined using the ra-

dial wave functions of the initial and final nuclear states by

I - eikr , it ,
- I of oi dr|/ [ ¢f °i dr|.

r

1 T T T For cdeuterium and nn wave functions geﬁetated by

. the Reid soft core potential,<%>mw-0.54 m_ and
0L C: = 1,08. This correction makes the caicuiated
cross-section apprcximately 5 7 larger than the

experimental determination.

The related process of backward electrcdisinte-

Olpb)

gration near threshold
e+d+re+n+p

which is driven essentially by the spin flip

operator I (u -u ) o 1? connezts the same nu-

0 1 1 1
0 1 2 3 4 S
E'E th (MEV)

e

clear staies (d'uterxum to the singlet np which

is the analog of nn)., Its cross-section in the
m  momentum transfer region is approximately

. 20 7 higher than the impulse approximation es-
Fig. 2 - The deuterium n’ photo- .. s oenio s .
production total cross-section as timations [?l] ; this discrepancy is known to be

a function of the photon energy one of the cleanest evidences of the contribu-
above threshold. Shaded area :

tion o soni change currents.
experimental determination of rej’. £ me ¢ exchange cu

(11] ; dashed line : theoretical i . )
caleulation of res. [301' In the case of helium-3, thereis unfortunately

no complete calculation of threshold pion photoproduction available. Only the values
of the spin flip form factor at momentum transfer m. have been calculated for various
realistic wave functions [22]. Because of the negligible isoscalar pion nucleon scat-
tering length, there is almost no modification of the pion wave by the muitiple scac~
tering, even when the calculation is pursued to second order. ': = (0,99, \ssuming that
the momentum dependent terms in the amplitude have a negllglblu effect we can compace
the experimental value iM+[2 to the estimations of ?3E, From the expevimental viaiues
[?3,5] of the helium=3 and hydregen Paaofsky ratios we can excract the value of the

1~ threshold photoproduction matrix «lement M. (defined similavly to M,),
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[u_|? = (0.59  0.02) c? /c?.

C_o and C_ account for the pion multiple scattering in m™%n° charge excharge and ra-
diative w~ capture. For the same reason invoked in the case of C,» C_ is close to | ;
Ci = 0.98. For charge exchange there is an important contribution of double scatte-

ring
Co=1+(1+m /M) ]a(n7p) +a(‘rr'n)]<%>°+ Qa +m“/)’[3 a(ﬂ‘p)a(:lr'n) +a?(r7p)
-3 a2 (1I’~p,‘!|’°n)]<L> :
rz (o]

using <%>o = 0.60 L and <—%>2 = 0.39 m;, as suggested by cthe Coulomb energy of M in
Laverne and Gignoux [?il w:veofunction generated by the Reid soft core potential,

C:o = 0.92. We deduce |[M_|% = 0.56 * 0.02 where the error does not include the uncer-
tainties in the pion distorsion evaluation. From the measured magnetic form factors
"of ’He and ’H [25], one can extract the magnetic form factor, at momentum transfer

Qi = 0.481 fm~? for the tranmsition ’He + 4, corrected for the proton size

2,02y o
F2(Q}) = 0.64 £ 0.02.

All the numerical values are displayed on Table IV. Comparing first the experimental
Table IV values, we observe that

. . , ion ph roductio -
Threshold n* photoproduction and magnetic electron scat- pion photoproduction ma

tering for the 3N system trix elements M, and M

agree within the quoted

& . .
uncertainties, whereas
§ Y+ e+ He+nt I, |2 = 0.52 ¢ 0.02
. - the squared body magnetic
nln + e+ M a+n® IM_|2 = 0.56 £ 0.02 9 O mag
-4 ) : . 2 form factor is 20 7 hi-
% | magnetic electron scaterring |[F_|* = 0.66 t 0.02
i m gher. This proves that
mzny body contributions
- .
”h NN potential RSC SSC MT 13 aifect differently pion
5 | p(0)® 9.3 7.9 0 :
o 2112 . . . photoproduction and elec-
£ IF QD] 0.49 0.52 0.57 ]
tron scattering, On the
" other hand the theoreci-
a) data from ref.[?i} ; b) D state percentage in the 3N ~al impulse approximation
wave function. values are in the average

in reasonable agreemcnt
with the pion photoproduction matrix elements. This confirms the trend already obser-
ved in deufterium, suggesting that many body contributions are much smaller in pion
photoproduction than in magnetic electron scattering., By measuring pion photeproduc=
tion, we thus measure essentially the one bodv spin flip form factor. in order to
substantiate this conclusion, there is an urzent need for complete photoproduction

calculations in the 2V and 3N systems including che cevaluation of many body effects.




Extension of the measurements to different momentum transfers is in principle achie-
vable by the study of pion electroproduction near threshold. However these coinci-
dence experiments necessitate, in order to reach the required level of accuracy, elec-

tron accelerators with larger duty cycle than those presently in operation.

III. ®~ photoproduction near threshold

n~ threshold photoproduction measurements are extremely difficult experiments. There
are so far only two cases which have been studied : ''B [?ﬁj and '?c [27]. Both expe-
riments use the activation method ; the radioactivity of the final nucleus is coun-
ted in the absence of the beam.With this technique it not possible to separate the
contribution from the individual bound levels c¢f the final nucleus. Below threshold,
activity due to competing processes give a high level backgrcund which extrapclation
above threshold and subsequent subtraction,causes large uncertainties in the data ta-
ken close from threshold. Normalization is achieved through comparison with the ac-
iivity produced by a photoneutron reaction on a neighbouring nucleus, leading to the
same final state, which cross-section is known. The overall accuracy of these measu-
rements is of the level of 15 Z to 20 Z and agreement with DWIA theoretical estima-

"tions is satisfactory within these limits.

One should note the original method proposed by B. Schoch et al.[?&] for measuring
the deuterium case. The low energy negative pions stop and get captured inside the
deuterium target ; the 68.2 MeV neutrons of the d(n ,n)n reaction are detected by a
time of flight method and separated from the photodisintegration ones by choosing

suitable kinematics. Normalization is achieved relatively to the deuterium photodi-
sintegration. The feasibility of the experimen:t has been demonstrated by these au-

thors.

Neutral pion photonroduction near threshold

Because of the large value of the non spin flip part L, relatively to the spin-flip

>
part K, in the nucleon 7° photoproduction amplitude, the nuclear matrix element
AL, i(k-9)T,
<AZ|I Ko +L)e Ia,z >

=l
is dominated by the coherent addition of the spin independent contributions of the A
nucleons., Since neutrons and protons contribute almost equally, m° elastic photopro-

duction is a probe of the nucleon matter density. As such it has been used success-

fully by Schrack et al.l:29:| to measure nuclear matter radii.

It is only for very light nuclei and in the vicinity of threshold cthat the spin {lip
s wave c0n;ribu:ions can be detected. However bhecause the neuctral nmplitudes EO+(ﬁ°)
are much smaller than che charged ones E0+(ni), large rescaccering effects, involving
charged pion production and virtual charqe -xchange, compete with cthe one body ampii-
tude,




fhé basic motivations of m° photoproduction measurements near threshold on light
nuclei are twofold : i) obtain information on the poorly known s wave photoproducticn
amplitudes on the nucleons. The Eo+(ﬂ') discriminante between the various theoretical
models of pion photoproduction, whereas the Eo+(ﬂi) which are determined by the Born
terms are almost completely unsensitive to the model utilized. ii) test our under-
standing of the many body effects in the plotoproduction process, in a place where
they are more important than the one body amplitude. The experimental procedure of
the experiment performed at Saclay [30] comsists in the combarison of the m° photo-
production yields on lH,zﬂ,alie and "He. Measurementcs are made for several end point
energies of the Bremsstrahlung spectrum ranging up to 10 MeV above threshold. The two
gammas from the m° decay are converted in a lead foil and detected in two Cerenkov
counters. The measured photoproduction yields are displayed in Fig. 3.

The absolute value of thne detec-

tion efficiency is not known; its

LR

Litll

variation with the 7° energy is

1
1

. calculated using a Monte Carlo me-

1
|

X i . thod. In order to provide the mo-

1
|

Helium & i . " del cross-sections necessary for

i

10 _H?“UN3§I extracting informaticn from the
: .

Deuterwm me2sured yields, some simplifying

assumptions have been made. The 7°

1 l1lll|
BRI

photoproduction cross-section is

I
|

supposed to be given exactly by

i
1

the impulse approximation, except

for & modification of the s wave

Yield (au)

amplitude to allow for s wave pion

scattering effects. The frozen nu-

Laaanl

cleon approximation is used and the

nucleon density distributiona in the

nucleus is described by the charge

form factor measured in elastic

01

: electron scattering. The elementa-

ry p wave photoproduction amplitu-

Ee (MeV)

de on the nucleon is restricted to

. , , , the domi t M ttipol rei-
Pig. 3 - The measured w° photoproduction yields omnant e multipole confri

as a function of the end-poin: Brezmastranliung bution. The dependence of M'+(pﬂ°)

energy £,. Ve heoeetionl vyielde adjus= . .
nergy &z Cg?'gs'are'tneop-t L yields adjus with energy is such that

tea ag qesertoeq 1n cne texc,

Hi+(pn°) a Mqk and the value above

Mi+(nﬂ°) has been taken to be 0.9 M',(pﬂ’) as suggested by the multipole values at

o

180 eV %], Decause “Hle 7° eiastic photoproduction near threshold is only p wave, the

impulse approximation cross=section of this reaction is thus used ro calibrace all

- (."\) 'Y

measurements, [he ratios orf the s wave production amolitudes € Sy M are left as
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free parameters to be adjusted on the data. In table V we give the determinations of

E(A) . n=!

corresponding to the value M = 11.2 x 10~? extrapolated from the multipole

(2) and E(J) with the impulse

analysis of Pfeil and Schwela [4]. The comparison of E
approximation estimates for deuterium and helium-3 shows the importance of the res-

cattering effects.

Table V
The s—wave ©° photoproduction amplitudes in.units 10~° m;l
Target nucleus Impulse approximation Experimental value
1y Eqe (P1°) -1.8: 0.6 e =-2.720.1
2y Ege (pT°) + Egy(nm®) =11 £ 1. Y =< 7.4 20.3
*He Ege (n1°) 0.7:08 e =-4.820.4

Let us note at this point that because of the coupling of the 3 channels v(A,2),
m*(A,Z-1) and 1°(A,Z) there is a discontinuity in the s wave amplitude of the reac-
tion : v+ (A,Z) > (A,Z) +7°, at the threshold of the reaction y+ (A,2)~> (A,Z-1) + 1%
(unitarity of the S matrix). The threshold energy for n* photoproduction in hydrogen,
deuterium and helium-3 are situated respectively 6.7 MeV, 8.7 MeV and 5.4 MeV above
the corresponding 7° photoproduction threshold energy ; at this energy a éusp is ex-
pected in the 7° cross-section. This effect has been investigated by various authors
[31,32] in the case of hydrogen. It leads below threshold to an enhancement of the s-
wave amplitude relatively to the "isospin symmetry" value Eo+(pn°) ; the amplictude

at threshold is approximately 1.35 E0+(pﬂ°). In the case of deuterium early calcula-
ticns [33] including first order pion rescattering failed to reproduce the experimen~
tal value by a factor of 2 when realistic wave functions were used. Surprising’y, in

the fixed scatterer approximation the first order rescattering amplitude is
(1 +a /M <-:->m a(n p,mn) [%0+(pﬂ-) - Eo+(nw’€] =-6,3x 107 g~!

in good agreement with the data.

Recently Faldt [32] has shown that this unexpected result could be explained by the
overall concellation of the binding corrections when they are computed to all orders.

In a complete calculacion including pion rescattering up to third order, bx?d;ng cer-
E-

rections and p wave contributions, FAldt obtains at threshold the value : (I) = 2.4

in excellent a§reement with the experimental values (which is free of the ungcrtaxn-

ties on M) = 2,7 £ 0.2, For helium~3 the situation is very similar. Bosted and

gD
Laget L}a underescxmute the rescattering etffects. The rfixed scatterer approximation
gives the same structure of the rescattering ampiitude than in the case of deuterium;

. . 1 . - - - . . .
introducing the <;*11 value of He we get =3.4 < 1072 a~! which again agrees with the

nxperimental daca.
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The quality of the agreement of the detailed calculation of Faldt with the deuteriua
data proves that the reaction mechanisms aspects of m° photoproduction can now be
well mastered. This represents a necessary intermediary stage in view of the extrac-

tion of a reliable Eo+(nn‘) determination from the calculated data.

In order to relax some of the hypothesis used in the data analysis, an extension of
this type of calculation to the region above threshold is needed. Likewise, an abso-
lute measurement of the cross-section of one of the reactions should solve the cali-
bration problem,which up to now is based on the validity of the impulse approxima-
tion for the “He case and on the extrapolation of multipole values measured at much

higher energy.

The absolute measurement of the W° photoproduction cross-section on the proton near
threshold, using a monochromatic photon beam, is planned in Saclay. Besides the rea-
sons discussed abovz, this experiment is important on its own right. It would allow
éhe observation of the cross-section variation in the region of the expected discon—
tinuity induced by the n,p and ﬂ:,ﬂ’ mass splittings and possibly give information
on the dynamics of the effect. In addition, an improved Eo+(pﬂ’) determination should
be in turn used to determine an "isospin symmetry" value of EO+(nn°) which could be

confronted to the one extracted from the light nuclei study (including hopefull:r 'H).
References

(1) Photopion Nuclear Physics, edited by P, Stoler, Plenum Press, 1979,
(2) M.I. Adamovitch, Proceedings (trudy) of the P.N. Lebedev Physics Institute 71
119 (1976).
(3) J. Spuller et al., Phys. Lett. 67B, 479 (1977).
(4) Ww. Pfeil and D. Schwela, Nucl. Phys. B45, 379 (1972).
(5) D.V. Bugg et al., Phys. Lect. B44, 278 (1973).
(6) C. Tzara, Nucl. Phys. BI8, 246 - (1976).
(7) M, Ericson and M. Rho, Phys Rep. 3C, 57 (1972).
(8) G.Ya. Korenman and V.P. Popov, Sov. J. of Nucl. Phys. 26, 44 (1977).
I. Blomqvist and J.M. Laget, Nucl. Phys. A280, 405 (1977).
(2) N. de Botton and C. Tzara, Rapport interne DPh-N/HE 78/06.
(10) E. Booth et al., Phys. Lett. 66B, 236 (1977).
(11) G. Audit et al., Phys. Rev. C|6 1517 (1977).
(12) P. Argan et al., Phys. Rev. c (to be published).
(13) G. Audit et al., Phys. Rev. ClI5, 1415 (1977).
(14) F. Milder et al., Bull, Am. Phys. Soc. 23, 611 (1978).
(15) F. Milder et al., (preprint, to be published).
(16) P. Argan et al., (to be published).
(17) J. Deutsch et al., Proc. of the V Int. Conf, on high energy physics and nuclear
structuree, Santa Fee (1975).
(18) J. Delorme and A. Figureau (private communication).
(19) J. Bergstrom et al., Nucl. Phys. A251, 40! (1975).
J.B. Cammarata and T.W., Donnelly, “Nucl, Phys. A267, 365 (1976).
(20) W.C. Haxton (private communication).
(21) B, Sommer., Nucl. Phvs. A308, 2h3 (1978),
(22) 3. Goulara et ai., Phys? Rev, CI8, 944 (1978).
(23) M.D. Hasinoff et al., in ‘I, Baer, 7th Int. Conf. on high energy physics and
nuclear struccture, dirkhatiser Verlag (1977).
(24) A, Laverne and C. Gignoux, Nucl., Phvs., A203, 507 (1971),
(25) J.5. dcCarthv et al,, Phys. Rev. CI5, 1390 (1977).
H. Collard et al., Phvs. Rev, 138B, o7 (1965).




»

(26) K. Min et al., Phys. Rev. Cl4, 807 (1976).
(27) A. Bernstein et al., Phys. Rev. Lett. 37, 819 (1976).
(28) B. Schoch et al., in ref.(l), 171, '
(29) R.A. Schrack et al., Phys. Rev. 127, 1772 (1962) and Phys. Rev. 1408, 897 (1965).
(30) P. Argan et al. (to be published).
(31) A.M. Baldin et al., Sov. J. of Nucl. Phys. 1, 62 (1965).

J.M. Laget (private communication).
(32) G. Faldt (private communication).
(33) J.H. Koch and R.M. Woloshyn, Phys. Rev. C16, 1968 (1977).

P. Bosted and J.M. Laget, Nucl. Phys. A296, 413 (1978).
(34) P. Bosted and J.M. Laget, Nucl. Phys. €17, 2159 (1978)-.
(35) J.M. Laget, Nucl. Phys. A296, 388 (1977).




