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. L1 . .
J.J,SaKHT&I{ proposed the measurement of the recoill proton

polarizaticon in the process
(1) ¥+ p = 7O+ A

as a possible means of assiguning the parity of the second

resonance recently ohserved in the pion nucleon scattering

{2)

first and the second resonance, namely around Ey = 600 MeV,

and photo-production. In the energy region bhetween the
the polarization predicted was as high as 80% for nogative
parity and zero for positive parity.

The experimental reaultsqs) show indeed an high pola-
rization, though less than 80%, in the energy region 550 -
850 MeV {table 1) and this can be taken as a support to the
negative parity assignment.

We already pointed ocut (4) that the presence of a small
s-wave amplitude can appreciably change the Sakurai's predic-
tions, so to make the interpretation of the experimental re-
sultas not completely unambigous, if the large experimental
errors are &lso taken into account.

Ag a matter of fact let us comsider two models a) and

(5)

b} for reaction (1} proposed respesctively by R.R., Wilson

-

(%) — Istituto di Fisica dell'Universitd di Roma.
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. 6 . . s .
and’ﬁ.?;?c;urlg ) according to the transition matrices

(2} f%«af{/ e————Z/,/<. )4-/’7/215)‘/227/»{’)(&)“

ek 3o ~6a 94)f

EE{ MeV Polarization of the recoil protons emitted at 900 in the cm.

Ee Querzoli

G, Salvini P,C: Stein L. Bertanza Teriinloy
A.511lverman et al. .. ct al,
550 G.30+0,12
560 0.440,14
585 - 0.35+0,1¢6
610 0.63+0.27
650 0.59+0.24
658 0,50+0,18
700 0, 56+40.,11 0. 59+0.06
720 0,82+0, 29

In the region 700 - 250 MeV preliminary results by R. Quer-

zal to about

]
[

. C s C -
zoli et al. meem to indicate a polarization yet e
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where Eé (tf,T}) and 10%3(37'7) are the amplitudes for the
absorption of an eleciric or magnetic maltipde of order g;
leading te a final state with total angular momentum ¥ and
total isotopic spin T,
f?, & K, g are respectively the spin of the proton, the
polarization vector of the photon and the momenta of the
photon and of the pion.

In model a) it is assumed that the second resonance
is exeited through a magnetic dipole absorption leading
to a state T = 1/2, J = 8/2, positive parity, while in mo~
del b} the multipole involved is supposed to be the elee—
tric dipole leading to the same state but with opposite pa-
rity.

In both models EI (I/2} is the s-wave amplitude and
MI {3/2, 3/2) is the multipole giving rise to the Tirst re-
gonance®

Starting from {2), (3) and choosing as positive the
polarization in the direetion k x ¢, we obtain for the po-
larization of protons emitted at 90° in the center of mass

system

@) B =20 ()7 - m(E5)T§
51 B3 0, ] )mZ) 46 (2N (2.2)f

A is the isotropic term of the angular distribution for

process(1)

P AN : 2 -
{Ob ;{*E»/degmg"v‘dOrbg' B = 7K

The term f;/fa)introduced in {2) and {3) is necessary
to obtain a non zero interference term at alla energies in
agreement with the experimental results (fig. I).

Models a and b are not the only possible ones. Futhemore

they are not akle to explain facts such as the third resonance

/o
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at about 950 MeV, However, we shall limit ourselves and
consider only them.

We shall assume that they describe correctly the ex—
perimental situation around 600 MeV. Thus, roughly speaking,
the polarization below the second resonance is given by {4}
and (5}, while ahove, it becomes necessary to explain the
large polarization, by introducing in the models an ampli-
tude corresponding to the third rescnance.

An alternative model, wich gives respectively to the
resonances the parity ++ -, and explains all the polariza~
tion as due to the interference between the third and the
first and second resonance has been proposed by Marshall
and Landovitz {7)e We can have a justification for not con-
sidering this model in the fact that up to 700 MeV there is
no appreciable evidence for a 0084 terme This term follows
from the model owing to the fact that the third resonant sta—
te is a T = 5/2 one,

As was pointed out by Maloy{BB Pa can reach a maximum
value of ~ 31%. P.. When El{%} is to be negligible, can
reach a maximum of 80% per cent.

If it is assumed that the addition of E1{%) daoes alter
appreciably the value of Pb we see that model b is in Dbatber
agreement with the measured values around 600 MeV,

Anyway, due to the large experimental errors, it seems
preferable to have a more stringent criterium of distinction
between the two models.

In fact it is difficult to obiain guantitative predictions
from (4) and {5), because, in gpite of the simplification assumed
it is impossible to derive from the experimental A, B and C all
the complex multipole amplitudes. Actuwally in the energy region
under consideration not even the munltipcles phases are known.

For this reason it seems that the experimental determination of

o/
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the absolute polarization would serve more as additional expe—
rimental information useful for the extraction of the multipole
amplitudes than for giving sharp answers of the kind required
by Sakurai.

The sign of the P in (4} and (5) is a priori undetermined
because of the arbitrariety in the sign of the multipole ampli-
tudes.

We want to show that the sign of Pa and Pb can be determined
if B is assumed to be known and that, within the limits of reaso~
nable hypotheses, only model b allows to predict the sign expe—~

rimentally cobserved. By writing

: £ P, ~ i
Eg/a"/)"é/é / 5//2/5)’53
/ ' : {of
W(Zi5) =m0 M3 ) = meH
we get

Be g 4 msin (5] ) 5 1, (005, )
__5; :—;géazfﬂ@ @3(5G3~&$}7L»5 G (¥4 Aﬁé)jz
/% ::/{" mjgjﬁ,%f“(}g-oé,)ﬂ* 'Z/é; cﬁtlfx /DZ33~5//\)\SZ
35 = ”nggfelm (0(33“02/) * €, n (‘°Z33 “Cf)}

At Egﬁv45® MeV, MI and EI are negligible, respectively and

2}

b)

it results from the experiment B »0, On the other hand cos

({ X3y =X, ) <0 (9). Then is has to be eym,
sing my> 0 (a1l the results do not change if My < ¢ is as~

sumed) we geot e > 0,

> 0. By choo~

At Eyw ™ 650 MeV, i.e. below the second resonance,where
mg and e; are negligible respectively, B < C and J = 900,
03 = 900 so that cos (X, - ) < O, e (N =00, ) > O s
It follows EI < 0, my > 0 and

P&;'@ Pb< C.
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Th@“@elarizatiﬁh measurements gibé”é?ﬁéggfiﬁé féiuejso
excluding model a2} ¢n the ground off%h%aéhB%;‘éonsiderati&ns

To obtain this result we made % the hypotheses that o4
does not change sign going from low to high energv. Furthemore
the s-wave term should be written & (7) - ¢, 6“6 ¢, ¢ ’Mé .
As experimentally we know that O >C¥3 we neglected the T =
- 8/2 state.. -; - | -

In the argument only for”thé SMWavé part has it been
assumed that the multipole phase coinecide with the\CQTfeSpbﬂﬁ
ding scattering ﬁﬁase shift. The validity of this assumption
has been ]ustlfletl by Pellegrlnl aﬁd Jtau“‘g,)‘f)"." on the; g’rou:n.d
of a gquite reaoonable model;

The choice B, 0 seems to be consistent with the observed

I
7 angular distribution. In fact in model b)

4+ E’ /f'/;}/ A*A “n’(dﬁﬁéx')

1), so A + 5/3) C=< 04, Becange

and at By ~ 700 MeV C z -»A{
cos (=, } » 0 this means that GI aad i‘P&V§EGPPOSlte sign:
In the model a A + 5 C = )E “}l.zﬁ 0 din contradictiOH“with
the experimental resnlt C =X -2A It is wormh belng noted thab
the addition of the’ 53 o (5 term to the s wave amplitude night
change the sign of Pa but not the sign of & + 5/3 €, in the model
a. Instead the same addition could have the effect of changing
the sign of A + 5/8 C leaving the sign of P, unaltered, in model
b.

Furthermore it has to be noted that if €,<J, ¢, > O the two

terms in P. tend to cancel cach other so gualitatively explaining

b
why the measured polarization is less than the value predicted
by Sekurai.

Ve wigh to tank professor M. Cini for very helpfull

discussion,.
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