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Istituto di Fisica dell’ Universita - Napoli
Istituto Nazionale di Fisica Nucleare - Sesione di Napoli

(vicevuto I'8 Febbraio 1972)

Summary. The asymmetry ratio in the coherent photoproduction
of w®-mesons on deuterons has been measured in the region of the first
resonance, by using the Frascati linearly polarized y-ray beam: The -
mean value obtained, X = 0.63 4-0.03, is of the same order and sign as
the asymmetry in the photoproduction on protons. The dependence
of the asymmetry on energy and angle is also given within the limits
of the acceptance of the experimental apparatus.

1, — Imiroduction.

A linearly polarized y-ray beam provides a useful tool to obtain detailed
information about the y-induced processes: with this technique it i possible,
in fact, to measure separately the do, [d£2 and the do, A8, i.e. the differential
cross-section with polarization vector normal and parallel to the production
plane.

Usually, the results arve expressed in terms of the asymmetry ratio

__do, —do,

v Z”E—l—do', )

A systematic investigation of the photoproduction reactions, in the first reso-
nance region, by means of polarized y-rays, has been in progress at Frascati

703
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since 1964; experiments of the same kind have been performed at Stanford
and, more recently, at Tokyo.

Among all the data now available (**) we collect in Table I the results
around 300 MeV.

The work described in this paper represents the first contribution to the
study of the elastic photoproduction on deuterons

y+d—->d-+mw°
by polarized y-rays.
Tasre I.

Process B, 6* z References
YP —>Yp 305 90° 0.52 1 0.03 ) '
380 90° 0.58 4 0.05

p —pr® 290 90° 0.59 - 0.04 M
308 90° 0.562 4-0.03
320 90° 0.67 -~ 0.03
325 90° 0.60 + 0.03
325 90° 0.61 4- 0.05

Yp —>nwt 300 90° 0.47 4 0.05 ®
380 90° 0.75 4- 0.07

yd -> mpp 330 90° 0.42 4 0.03 %)
330 135° 0.18 - 0.05

yd — wton 330 90° 0.43 4 0.03 )
330 135° 0.28 0,05 conomsrsmmsssommimsc srssmn s s e

yd ->pn 310 90° 0.35 4 0.04 (")
380 90° 0.37 4 0.09

yH;~dp 250 90° 0.36 4-0.08 ey

(*) G. Barpierrini, G. BoroaexNa, G. Carox, G. Dr Zorzr, F. L. FaBsry, G. P. MURTAS,
G. DiamBRrINI, G. SETTE and G. De Wire: Phys. Rev., 184, 1402 (1969); G. BOLOGNA,
et al.: to be published.

(*) P. GorexstEN, M. Gririi, F. Soso, P. SpmrantiNi, M. Nigro, E. SCHIAVUTA
and V. VALENTE: Phys. Leti., 23, 394 (1966). .

(®y T. F. Liv and 8. ViTALE: Phys. Rev., 144, 1093 (1966).

() T.F. L, D.J. Drickey and R. F. MozLry: Phys. Rev., 136, B 1183 (1964).
() Z.3BartaM; J. DE PAGTER, J. Dowp and W. KurN: Phys. Rev. Lett., 24, 1078 (1970).
(®y F. F. L1v: Phys. Leti., 11, 306 (1964).

(") G. Barsiernini, C. BegNarpiNi, F. Fericerri and G. P. Murras: Phys. Rev.,
154, 988 (1967).

(®) ¥. L. Fassr1, P. Prcozza and C. ScHarrr: Frascati report LNF-69/82 (1969).
(®) G. Barpreinini, &. CaroN, G. DE Zorzr and G. P. Murras: Phys. Rev., 174,
1665 (1968).
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Several theoretical and experimental studies have already been performed
on this topic, nevertheless the situation is confused and many problems still
remain. From the theoretical point of view, most of the difficulties arise from
the application of the impulse approximation, which is the usual approach
when processes involving deuterium are concerned (:14). In the case of elastic
photoproduction, the final-state interactions are expected to play an impor-
tant role (¥). Furthermore; the structure of the deuteron must to be taken
into account; this lowers the cross-section rapidly with inereasing momentum
transfer.

The experimental situation is even more confused. The data now avail-
able (16-20) are difficult to compare since they refer to different kinematical
conditions. A systematic investigation is now in progress at Bonn. ’.}?he pre-
liminary results (37) show a strong discrepancy of more than a factor of two
with respect to previous data in the region of the first resonance. The com-
parison was made using the form factor as calculated by HADJIIOANNOU (2).

The aim of this experiment is to offer a contribution to the study of this
process by measuring the asymmetry ratio at the energy of the resonance.
This kind of measurement has the advantage of being unaffected by any mul-
tiplicative factor present in both do, and do,, such as a form factor. Also the
final-state interactions bave negligible effect on the asymmetry ratio. For this

(*)- V. A. Pazozerskii: Sov. Journ. Nucl. Phys., 6, 278 (1968).

(Y} M. GourDiN: Nuove Cimento, 33, 1391 (1964).

(1%) M. GourDIN: Nuove Oimenio, 35, 1105 (1965).

() D. I. Jurius: Nuel. Phys., 21 B, 173 (1970).

(%) 6. FraNzeN: Zeits. Phys., 225, 99 (1969).

(%) J. CmarrELEAR: Phys. Rev., 99, 254 (1955).

(**) N. L. Davis and D. R. CorsoN: Phys. Rev., §9, 273 (1955).

() B. Worrg, A. SitverMaN and J. W. Dr WirE: Phys. Rev., 99, 268 (1955).

(18} A. 8. Brrousov, A. I. Leseprv, 8. V. Rusakov, E. I. Tamm and A. 8. Tara-
RINSKAYA: Nuel. Phys:, 67, 679 (1965).

(1%) J. I. FriepmanN and H. W. Kenpvarn: Phys. Rev., 128, 2802 (1963).

(2 E. F. EricesoN and C. 8¢HAERF: Phys. Rev. Lett., 11, 432 (1983).

Y J. W. RosevereN and N. BaroxN: Phys. Rev., 101, 410 (1956).

(*2) XK. Migsve, K. Basa, S. Haravo, H. Iton, M. Krmara, A, Masargg, T. NAxa-
MURA, M. Tamora, T. Yamaxy, 8. Yasomr and Y. YosHimoRA : Journ. Phys. Soe. Japan,
20, 1749 (1965).

(3¥) M, Davier, D. Benaxsas, D. Dricker and P. Leamany: Phys. Rev., 137, B 119
(1965).

(2% B. Mann, A. M. Surra and D, T. Svewarre: Pree. Phys. Soc., 88, 815 (1966).
(2%) V. A. Pazpzersgir: Sov. Journ. Nucl. Phys., (1967).

(28) T. Naxamura, S. Hatawo, Y. Hevyi, H. Iton, M. Kigara, 8. Kopavasui, K. Mi1-
vaxe, H. Oxurvo, T. Yamaxy, 8. Yasvmr and Y. YosuiMuRrA: Journ. Phys. Soc. Japan,
24, 698 (1968). . )

(¥ L. Hien®r, G. Vox Horrey, 6. Kwor, H. StemN, J. Srimeric and H. WAHLEN:
Bonn University report PI 1-136 (1971).

(*8) F. T. Hapsroanvov: Phys. Bev., 125, 1415 (1962).
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reason the results can be useful for a better understanding of the reaction
mechanism. Particularly, they can be used in a phenomenoclogical analysis in
terms of multipoles, as already done in the case of photoproduction on nucleons.

2. — Experimental procedure, ]

We have measured the asymmetry ratio in the following experimental con-
ditions: energy of the incident photons between 300 and 400 MeV, angle of w*
in c.m. from 100° to 127° (which corresponds to the interval from 24° to 36°
for the emission of deuterons in the laboratory). The momentum transfer is,
in this situation, (2 = 3) fm~1,

The experiment was carried out by using the linearly polarized v-ray beam’
which has already been described (1): in our case the peak energy was chosen
at 375 MeV. The polarization obtained was rather high: the maximum was
over 44%; and the mean value, integrated over our energy acceptance,
was about 379.

In order to avoid introducing a systematic error in the asymmetry evalua-
tion, much care has been devoted to the measurement of the energy spectrum
of the beam and to its reproducibility after each change of the orientation
of the axis of the crystal.

The detection apparatus consists of two telescopes of scintillation. counters:
one of them detects heavy particles by measuring the energy loss, the range

Fig. 1. — Sketch of the experimental set-up: €, G, Cs, Cy, 8, Sy, 8, are scintilla-
tion counters; shaded areas represent lead absorbers and shielding.
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and the time of flight; the other one is & shower sandwich for the detection,
in coincidence, of one of the photons from =° decay.

The scheme of the apparatus is shown in Fig. 1. A more complete description
of the set-up and the block scheme of the electronics, as well as the details of
the measuring method, is reported elsewhere (29).

500
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Fig. 2. — Typical mass spectra obtained in the four counters of C;.

The angle of emission of the deuteron is measured by C,, which is a
hodoscope of four eounters, each subtending an angle Af = 3° in the labora-
tory. A better angular definition would be useless because of the uncertain-
ties in the kinematical reconstruction of events due to energy losses in the
target, multiple scattering, ete.

The trigger is defined by the coincidence

(€, 0, 035‘4)(54 8.8,);
the energy of the detected deuterons varies from 45 to about 85 MeV. As

the measurement is not absolute, no care iy necessary in the evaluation of
overall efficiency.

(**) G. Borocwa, I. Prruzzr, M. Piccoro and G. Troist: Fraseati report LNF.72/2
(1972).
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A small on-line computer (a DEC PDP8) records the following data for
each triggering event: :

pulse height in Ul C,0,,
time of flight between €, and C,,
identification mark of C,,.

This collection of data allows the reconstruction of the mass of the particle
stopping in C, and its direction, as well ag the energy of the incoming photon.
Furthermore, the value of the beam intensity and its energy spectrum, the
counting rate and several standard checks are periodically recorded.

A calibration of the deuteron telescope has been previously performed
using monochromatic protons from the reaction yp-—>pn® selected by means
of a magnetic analyser, in a wide range of momenta. .

Figure 2 shows the typical mass speetrum obtained in the four angular
regions: the pion and relativistic particle background is much greater in O,
which is the nearest to the beam, and decreases with the distance from the
beam.

1000+
a)
N ‘_/J’AJ-LWV x,u—'/‘ﬂ\’l'\\l
£ 0 ' ) 1 LS9
@
>
3
1000+
b)
i
=i 1 PN - T
0 500. 1000 1500 2000 2500

mass{MeV)

Fig. 8. — Total mass spectra: a) events from deuterium target, b) events from hydrogen
target.
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As one can see, in spite of a prevailing presence of protons with respect to
deuterons and a nonnegligible number of lighter particles, the deuteron peak
in the total mass spectrum is sufficiently well separated. A further indication
of the feasibility of the mass separation is given by Fig. 3, which shows the
total mass spectrum compared with the one obtained, in the same experimental
conditions, but using a hydrogen target.

3. — The results.

About 23000 deuterons has been identified among 120000 triggering events:
the runs were alternatively performed in the two polarization conditions, in order
to prevent time-dependent effects (such as machine or apparatus instabilities)
affecting the asymmetry measurement.

The subtraction of the background hasg been very carefully performed:
control runs were carried out with both a hydrogen and an empty target,
and a check was made using the amorphous bremsstrahlung beam.

The contribution of the empty target is shown in Fig. 4 by the shaded
area. Figure 5 reporis the contribution of protons and random coincidences.

g:»400~

",

1 W%Jm
500 1000 1500 2000 2500
MeV

Fig. 4. ~ The shaded area represents the empty target contribution to the deuteron
mass peak.

45 ~ Il Nuovo Cimenfo A.
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We estimate that the deuteron background from other processes (such as
Compton effect or double photoproduction) has a negligible effect on the asym-
metry.

After background subtraction, we have selected 9827 and 13582 deuterons,
in the two polarization conditions respectively. After normalization to the
same number of incident photons, 9827 deuterons produced in the plane per-
pendicular to the polarization vector correspond to 6098 in the parallel plane.
Thus, if only statistical errors are considered, the counting asymmetry ratio

W

B A

|
%

. YA
0 | > -

500 1000 1500 2000 2500 3000
mass(MeV)

N .

500 -

events

500

Fig. 5. — The shaded area represents the background to the deuteron peak as obtained
from H, target measurements: @) vertical polarization, b) horizontal polarization.
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is
N,—N, (9827 4 201) — (6093 L 69)
N, N, (9827 4 201) + (6098 £ 69)

= 0.234 4- 00.013 .

The value (P} of the polarization, folded with the energy resolution of our
apparatus is 0.368--0.003 (the error is only statistical); this gives the asym-
metry ratio

1 N,—N;
X = D }V_l:_jﬂ = 0.63 4- 0.03,

averaged over our range of energy and angle.

~ The angular acceptance can be reduced by a factor of 4 if each strip of G,
is considered; we can thus deduce the angular dependence of the asymmetry.
in the range between 104° and 124° in the c.m.; the results are summarized
in Table II. Even if the errors are larger due to the poor statistics, there is a
clear indication of a rather strong dependence.

Tasre II.

6% z

(104 4- 3.5)° 0.49 4+ 0.06
(111 & 3.5)° 0.58 4 0.05
(118 4 &.5)° ' 0.67 4 0.05
(125 £ 3.5)° 0.73 4- 0.10
Tasre III.

B, (MeV) z <P

280 320 0.60 - 0.05 0.311 - 0.003
320360 0.66 4 0.05 0.377 4- 0.004

360400 0.69 -+ 0.05 0.385 - 0.004

We can also try to have an idea of the energy dependence of the asym-
metry in the range (300~400) MeV; in this case care must be taken in the
evaluation of the mean polarization; we have divided our acceptance in three
regions; the results obtained are listed in Table 1I1.

% %%

Tt is a pleasure for us to thank Drs. F. Vanori and F. RowaeA who, have
collaborated in different stages of the experiment. We have 2 special debt
of gratitude for Prof. C. BERNARDINI for encouraging us to do this work and
for continuous interest and stimulating discussions.
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i
@ RIASSUNTO

Si riportano i risultati di un esperimento per la misura del fattore di asimmetria neclla
fotoproduzione coerente di n® su deutoni nella zona della prima risonanza. Questa
misura, per cui non esistono dati precedenti, & stata effettuata usando il fascio y pola-
rizzato in funzione a Frascati. I1 valore medio ottenute X = 0.63 4 0.03 mostra che
Yasimmetria & dello stesso segno e dello stesso ordine di grandezza di quella per foto-
produzione su protone. Viene anche riportato 'andamento di X in funzione di E, e 6%
entro i lmiti dell’accettanza sperimentale.

*

AcuMMETPUR B KorepeuTHoM (OTOPOXMAcHHH 70 IPH B3aHMONCHCTBHA BOJISIPU3OBAHHEIX
ramMmMa-pysell ¢ geHrepuer.

Pezrome (*). — BpUio M3MEPEeHO OTHOLICHHE aCHMMETPHH B KOTEPeHTHOM (QOTOPOXICHUN
w’-ME30HOR Ha feliTepun 3 00JIaCTU WEPBOTO PEe30HAHCA, NIPH HCHONL30BAHAU Hy4Ka Jid-
HeliHo MOoNAPUZOBAHHBIX ramma-mydue#t B Ppackatwn. IlosnyweHHoe cpeguee 3HaYeHne
2= 0.63--0.03 pmeer TOT XKe MOPANXOK ¥ 3HAX, YTO H IUIS AaCHMMCETPYHE B HOTOPOKACHAN
Ha mIpoToHax. Tawxe NPHBOINUTCA 3aBHCHMOCTL ACHMMEYPHMH OT 3HEPIMM M yYIia B Jua-
nazode maMUpeHnil SKCOCPUMCHTANBPHOH almapaTypsl.

(") Hepesédeno pedaryueil.
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