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Many recent phenomenological analyses of experimental data on pion photo-
production and pion-nucleon scattering indicate that the struetures, conventionally
called second and third resonances, are more complicated than simple resonances
in the Dy and Fj, T=4% states respectively (15). However the experimental infor-
mation is insufficient for a complete and unambiguous analysis in terms of angular-
momentum states, and it turng out that different combinations of multipoles may
fit equally well the existing experimental data (4). This uncertainty has led to some
confusion in our understanding of these structures, and more restrlctlve experimen-
tal information is necessary for its clarification.

The purpose of the present letter is to point out that in the case of photopro-
duction and proton Compton effect, experiments with polarized v’s (*) would be
very helpful for the understanding of the above phenomena (7).

(*) At present polarized y’s are available only at low energies, but soon they will also be
available for higher energies (%). )

(*) M. BENEVENTANO, R, FiNzi, L. MEzzrTTI, L. PAoLUZI and S. TAzZzARI: Nuove Cimento,
28, 1 (1963).

(®*) G. Homuer and K. DirTzZ: A4nalysis of phofoproduction of pions (to be published).

(*) C. PELLEGRINI and G. STOPPINI: Nuovo Cimento, 17, 269 (1960).

(*) W. M. LAYsoN: Nuovo Cimento, 27, 724 (1963).

(®)) C. D. Woop, T. J. DEVLIN, J. A. HertAND, M. J Lowego, B. J. MoyeR and V. PEREz-
MeENDEZ: Phys. Rev. Lelf., 6, 481 (1961).

(*) G. DiamMBRINI and R. F. MozLEY: private communication.

(") The use of polarized v’s for the study of the second resonance has been proposed by
Moravesik. His method requires the angular distribution of pions produced by perpendicularly
polarized v’s and he shows that an isotropic distribution would be most probably caused by a
tnixture of :S’;_ and D; electric dipole states. Phys. Rev. Left., 2, 171 (1959) :

72 - Il Nwuovo Cimento.
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1122 A. VERGANELAKIS

A) The form of the c.m. differential cross-section for pion photoproduction
by polarized photons in terms of angular-momentum states, is well known (8). With
this form in mind let us consider the two cases of photon polarization — polarization
perpendicular and parallel to the production plane — and let us study the cor-
responding difﬁere_ntial cross-sections do /A2 and do,/dQ at 0om.=—90°. We restrict
ourselves up to D-wave contributions and, for the moment, make the unrealistic
assumption that for a certain energy only one of the multipoles contributes. Then
for each multipole we have the results given in Table I.

TaBer . — Values of dé | /dc‘ri for ‘pion photoproduciion assuiming that only one multipole
term, indicated .in-ithe Jeft-hamd colawmm;: .contributes. Nonzero and zero. contributions to
do, /a2 and dcr _L/d.Q are indicated by « Yes» and « No» respectively.

Multipoles (*) iy do, /A2 do /A0 do, /do,
Epy 1 Yes - .. .Yes 1
E13 2 Yes No o0
B, 1 Yes i Yes 4
Ey 3 Yes " Yes 9
My, 1 Yes Yes 1
Mg 1 Yes Yes 3
M, 2 No : Yes 0
Moy 2 No Yes 0
(") -The notation is Eines for electric and Miz2r for magnetic multipoles; j is total

angular momentum of the photons. ‘

From this table we see the following: a) in the ratio do,/do, the behaviour of - .
magnetic multipoles is completely different from that of the corresponding electric =
ones (apart from By, and Myy). b) At the region of energy where the state M, or the
state H,; is the only one present the ratio do,/do, is a constant. = . o

Also do ydo (M) = do, [do (Es)- ‘ o »

Basing on this table we indicate in Fig. 1 the dashed lines (1) and (2) on which, the
experimental points for the ratio do,/do, should lie for pion photoproduction if it
proceeds only through the state H,;.or only through the state M,, respectively. ..

Fig. 1. — The ratio do,/do, vs. Eyy for pion-
photoproduction .for 6. = 90°,
points should lie on the dashed line:
photoproduction proceeds through only the state
B,,, or on the dashed line; 2) if it proceeds
through only -the state Ms. The exxperimental
-points at 750 MeV should e on the cross-hatched:
area o if the second resonance is due to a pure
E,, state. The reported experimental data at:’
285, 320 and 435 MeV are taken from refs. (*@H),.
respectively., @ Frascati, A Stanford.

l ‘(31) See for example G. T. Horr: Phys. Rev., 122, 665 (1961); and R. C. SMITH @nd R. F. MOZLEY- ‘
Phys. Rev., 130, 2429 (1963); -
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POSSIBLE DETERMINATION ETC. 1123

Now in what follows we will restrict ourselves to = photoproduction for simplicity.

It has been pointed out that the resonance at 330 MeV is due to a magnetic
dipole M,;. A recent experiment at Frascati (°) has measured the ratio do/do
at O,m =90° and B, =330 MeV for = photoproduction and the results fit. the table
for M,, (see Fig. 1), which indicates clearly once more that at this energy all other
partial waves are insignificant by comparison. , L

At the second resonance (B, =750 MeV) experimental data for the ratio do,/do
do not exist. If this resonance is due to a pure E,, resonant state (*) (**) one would
expect the experimental points for do,/do, to reach the cross-hatched area «. Now
if this value of do /do, is not confirmed by future experiments, but is found to be
lower than 4, then it will suggest the existence of a background of states of magnetic
type and possibly an FE, wave contribution. In that case, in order to clarify the
situation, the angular distributions of do,/df2, do,/dQ, do,/ds, and

(do, + do,)/2d0Q = do/d,

at the energy of the second resonance will be very helpful.’

To understand this, one has to take into account the fact that the states M,
and M,; do not contribute to do,/df2 and the state E,; does not contribute to do, /d Q2
(see Table I). Furthermore it seems reasonable to assume that F-waves coming from
the third resonance do not affect significantly the structure of the second (2), and that
the E,; (electric octupole) gives insignificant contribution to the second resonance.

Bearing in mind these points, one may be able to discriminate between the various
contributions by comparing the above-mentioned angular distributions. For example
if a Dy wave plays a certain role, as recent experimental data of BENEVENTANO et al.
indicate (*), then one can recognize it by the difference in behaviour of do,/dQ
and do,/dQ. In the case that the multipole M,; predominates above all others,
then do,/d2—-0 and the do [dQ should be approximately twice the do/dQ at
~ 750 MeV.

It should be pointed out that if future experiments confirm that the structure
of the « second maximum » is due to only one multipole, this will indicate in prin-
ciple, that contributions coming from the crossed channels are unimportant by
comparison.

Similar considerations apply also to the third resonance.

B) For further confirmation of the nature of the resonances we consider now
the case of the proton Compton effect. We take the form of the amplitude of the
above process from ref. (1) and we calculate the c.m.differential cross-section using

(*) G. BARBIELLINI, G. BoLoGNA, G. D1aMBRINI and G. P. MurTAS: Proc. of the 1963 Intern.
Conference on Elementary Particles af Sienna (to be published).

(*) This is not in disagreement with the observed polarization of the recoil proton in n® photo-
production (1. ' '

(%) C. MENCUCOINI, R. QUERZOLI and G. SALVINI: Phys. Rev., 126, 1181 (1962).

(*1) R. F. PrIERIL8: Phys. Rev., 118, 325 (1960).

(**) D. DricgeY and R. F. MozLEY: private communication (unpublished).

(**) D. DrickEY and R. F. MozLeY: Phys. Rev. Lelt., 8, 291 (1962).

(**) L. I. LaPipUs and CHON KUANG-CHAO: Zurn. Eksp. Teor. Fiz., 37, 1714 (1959); translated
Sov. Phys. JETP, 10, 1213 (1960). ' L
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1124 A. VERGANELAKIS

polarized photons. We have (*9)

d d 1 ]
W (@)z (a%)wl—g(1R1\2——\R2\2-—\R3c2+ | Ral2) sin? 6 cos 26,

where g is the angle between the photon polarization vector and the scattering plane.

The expression for R, in terms of multipole amplitudes including those up to
J=% can be written

RBR,=6&+ 265+ 26y cos 0 — M, .
R3: @@1_.@@34- 2&2 cos 0 —+ %L/%z_‘— \/607(53“///2) 2

Rg= ——-52—— \/GG’(%S, 52) .

The corresponding expressions for R,, R,, B, may be obtained from those for
R,, R;, Rs, respectively, by the substitution &;==.#;. The notation is the same as
in ref. (14). .

If we again make the assumption that for a certain energy only one of the multi-
poles contributes then at 0, m =90° egs. (1) and (2) imply the results given in Table II.

Tasre 1. (*) — Values of do,/do for proton Compton effect assuming that only one:‘»‘;‘"‘.j;v
multipole term indicated in the left-hand colummn contributes. By « Yes» is indicated.
nonzero contributions to do,/dQ and do, /dQ. ' e

Multipoles do,/d2 do, /dQ do,/do
& Yes Yes 1
&, Yes Yes 5
&5 ' Yes Yes 2
My Yes Yes 1
My Yes Yes 2
M Yes Yes 2
(*) Due to time-reversal invariance the above results for d.o’ll /do, are valid also if one
uges an unpolarized beam but measures the final photon polarization.

These results are independent of the model that one may use to calculate these
multipoles and are only a consequence of general properties of the amplitude.
However, due to the connection of the proton Compton effect with the pion photo- -
production through the unitary condition, when appropriate experimental data will -
be available from the first reaction one may extract supplementary information -

about the characrer of the latter, and viceversa.

(1*) A. P. CONTOGOURIS a,xid A. VERGANELAKIS: Phys. Lett., 6, 103 (1963).
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POSSIBLE DETERMINATION ETC. 1125

In Fig. 2 we indicate the dashed lines (1) and (2) on which the experimental points
for the ratio do,/do, should lie for the proton Compton effect if it proceeds through
only the state .#, or through onlyt the state &,, respectively.

A
3 i .
———————————————————— 1)
52
2
a)_
° ]t
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0 200 400 600 800

EyL (MeV)

Fig. 2. — The ratio do y/de, ©s. Eyg, for proton Compton effect for 6, ., = 90°. Experimental points
should lie on the dashed line: 1) if the proton Compton effect proceeds through a pure .#, state,
or on the dashed line; 2) if it proceeds through a pure &; state.

It is to be noticed that if in the proton Compton effect essential divergences are
observed different from the behaviour which the photoproduction implies, this will
suggest that effects coming from the crossed channels are important (*).

Finally we want to stress that the remarks made here indicate only some of the
possibilities to which the above analysis may be applied in the study of the structure
of resonances occurring in the photoproduction and proton Compton effect.

¥ %k ook

A discussion with professors B. DE Torvis, G. SALVINI and Dr. D. ZWANZIGER
is gratefully acknowledged. '

(*) Quite recent experimental data in proton Compton effect with unpolarized ¥’s at energies
that correspond to the second resonance in photoproduction, suggest that the scattering at 6 =90°
Proceeds largely through a (1, 3) isobar (%), But one is unable from the data to extract infor-
mation regarding the details of this structure. )

(" R. F. STIENING, E. LoH and M. DruTscH: Phys. Rev. Lett., 10, 536 (1963).
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