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Fisica. — Photoproduction o f neutral pions in the energy range 400 
to 600 M eV  o f the incident photon. Nota di C e s a r e  B a c c i ° ,  C o r r a d o  

M e n c u c c i n ì (*#), G i a n n i  P e n s o 0 , V i t t o r i o  S i l v e s t r i n i (** (***)}, M a r i o  

S p i n e t t i  0  e B r u n o  S t e l l a (##), presentata dal Socio G. S a l v i n e

I n t r o d u c t i o n .—D uring the last few years the detailed study  of the 
reactions it +  nucleon and y +  nucleon brought to the discovery of a num ber 
of strong resonances, which m ay be considered as excited states of the 
nucleon [1]. These levels (isobaric states) have a total energy lying between 
1236 MeV (first resonance), and 2825 MeV. Am ong those states, the so called 
second resonance (total energy 1518 MeV) seems to be somewhat m ore com­
plicated than  indicated by the first m easurem ents. T he energy range between 
the first and the second resonance has become even m ore interesting as .a 
result of recent experim ents. In  fact in i t — p  [2], p — p  [3] and K — p  [4] 
scattering a m ore or less evident peak in the cross section was found, at a 
to tal center of m ass energy of ^  1410 MeV. T he detailed phase-sh ift an a­
lysis carried out in tz— p  scattering [5], shows th a t the P11 phase shift increases 
at around 1400 M eV to tal center of m ass energy. This suggests the existence 
of a resonance of m ass ^  1410 MeV and quantum  num bers L = i , T = i / 2 ,  
J =  1/2 (P11 resonance). T he w idth is of the order of 240 MeV. In  fig. 1 
the th ree experim ental evidences in favour of the P11 resonance (tc— p , 
p — p  and K —  p  scattering) are shown.

This resonance has not yet been looked for in photoproduction, and 
therefore an experim ent in this direction seems to deserve high interest, in 
order to get inform ation on the excitation channels of this resonance. T he 
P11 resonance could be excited and decay according to the scheme

y +  p  -> N* (1410) -> tc° +  p.

I t should appear in photoproduction at an energy of ^  590 M eV of the 
incident photon, w ith a h a lf w idth of ^  ± 1 2 0  MeV.

T he mairi difficulty in searching for P n  resonance in photoproduction, 
as in o ther reaction channels, is the small m ass difference between the P n  
and the second resonance, which is of the same order of the half w idth of 
the P n  : ^  100M eV and ^ 1 2 0  MeV respectively.

For the same reason, however, we th ink th a t a good knowledge of this 
energy region is necessary to understand  the second resonance.

T he experim ent described in the following was undertaken  in order to 
give a contribution in this direction.

(*) Istituto di Fisica dell’Università, Roma and INFN, Sezione di Roma.
(**) Laboratori Nazionali del CNEN, Frascati (Roma).
(***) Nella seduta dell’n  dicembre 1965.
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Fig. i. -  Experimental evidences in favour of the Pn resonance, from:
a) or—p total cross-section in 1/2 isospin state [2];
b) p —p anelastic scattering [3] at 19*3 GeW;
c) K +  p —> p +  K— +  or0 reaction [4].

E x p e r im e n ta l  a r r a n g e m e n t .—T he experim ental lay-out is shown in 
fig. 2. T he y -ray  beam, produced by brem sstrahlung in a tan talium  target 
of the electrons accelerated by the i . i GeV Frascati electron-synchrotron, 
hits a liquid hydrogen target [6], 7.5 cm thick. A  W ilson quantam eter [7] 
m easures the beam  intensity.



454 Lincei -  Rend. Sc. fis. mat. e nat. -  Voi. X X X IX  -  dicembre 1965

T he experim ental apparatus is m ade of a proton telescope (counters 
and spark cham bers) to detect the recoil proton from reaction

( 0  T +  p -+P- +  TU°

and of a y telescope (lead glass Cerenkov counter w ith an anticoincidence in 
front), which detects y -ray s from the 7t° decay and m easures their energy. 
T he spark cham bers are triggered by a coincidence of a y -ray  with the proton 
telescope.

WMi/m Pb 
re&s&a&a Al 
L-vVl Perspex

Fig. 2. -  Experimental arrangement. Z is the wedge shaped aluminum absorber (see text).

a) The proton telescope.

I t is formed of five scintillation counters (So , Si , S2 , S3 , S4), of a per­
spex Cerenkov counter (Cp), a t an angle of 2O0.7 w ith the y—rays beam, and 
of four spark chambers. T he solid angle, defined by counter S3, is 6.7 m sr in 
the laboratory system. T he dimensions, the position and the characteristics 
of the counters and of the absorbers of the proton telescope are sum m arized 
in Table I.

All the counters are viewed by a photom ultiplier Philips 56 AVP, but 
counters S2 and Cp: the first one, on which a pulse height analysis is made, 
is viewed by two 5b AVP and the second one by four.

T he four spark cham bers [8] (SCi , SC2 , SC3 and SC4) are sandwiches 
of 13 alum inum  plates 3 m m  thick and glass frames, 5.5 mm  thick, glued 
w ith araldite. By a m easurem ent of the energy of the protons through their 
range, and of the angle of emission of the protons, a resolution of ^  ±  1%  
in the Incident photon energy is obtained.

Between Cp and S2, a wedge shaped alum inum  absorber is interposed, 
to com pensate for the dependence of the energy of the protons from  reaction (1) 
on their angle of emission. A  one to one correspondence between the stopping
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gap of the proton and the incident photon energy is thus obtained, sim pli­
fying the analysis of the data.

T he logic of the experim ent will be discussed later, when describing 
the block diagram  of the electronics.

b) The y-ray telescope.

On the line of flight of the tu0 (1140 respect to the y -ra y  beam) there 
is a total absorption lead glass Cerenkov counter C. I t  is a glass cylinder, 
60%  of Pb in weight, 25 cm thick and 30 cm diameter, viewed by three photo­
m ultipliers Philips 58 AVP. In  front of it, the scintillation counter S5 in anti- 
coincidence eliminates charged particles.

T he pulse height in C is proportional to the energy of the detected y -ray . 
The slope of the response of the Cerenkov vs. y -ra y  energy is obtained by 
calibration of the Cerenkov w ith m onochrom atic electrons (see A ppendix III) .

B lo c k  d ia g r a m  o f  t h e  e l e c t r o n i c s — The block diagram  of the elec­
tronics is shown in fig. 3, and its logic will appear clear from  the following 
discussion.

T he elim ination of charged pions and electrons from the proton channel 
is obtained as follows:

a) T he request of a y -ra y  in coincidence w ith the proton telescope 
reduces the contam ination of pions and electrons from -—' 5 * 1  to 1:  2.

b) T he discrim ination on Si, low enough to accept all of the protons, 
allows pions and electrons to be further rejected. This condition is more 
efficient for low energy particles.

c) The Cerenkov counter Cp in anticoincidence, allows pions and elec­
trons to be almost completely elim inated from the most energetic particles.

d) The pulse heights in counters S2 and S3 are digitized and recorded 
in b inary  form by m eans of neon lamps on each spark cham ber photo. A  
posteriori, once the range of the detected particle is known, a bidimensional 
analysis of the pulse height in S2 and S3 allows the rem aining ^ 1 0 %  conta­
m ination of pions and electrons to be elim inated completely.

W hile criteria a) and d) were always used, criteria b) and c) were used 
alternatively, according to which proton energy was explored. Sometimes, 
for interm ediate proton energies both criteria b) and c) were used, the first 
one for particles stopping in SCi and SC2 (fig. 2), and the second one for 
particles stopping in SC3 and SC4 . In  this case, the spark cham bers were 
triggered by  the coincidence:

Ni =  So (Si D) Sa S8 S4 or N2 =  S0 Si S2 S3 S4 Cp

(Si D m eans discrim ination on Si ; bar indicates an anticoincidence).
For this reason counter S4 was put in the telescope: it is of course 

switched-off when only one of criteria b) or c) is applied.
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Fig. 3. -  Block diagram of the electronics.
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The pulse height of C is also recorded on each spark cham ber photo,
. allowing to check th a t we are not losing 7r0/ s due to a threshold on it.

T he part of the electronics concerning the coincidence of a y -ray  with 
a proton has been duplicated (fig. 3), in order to obtain a sim ultaneous m ea­
surem ent of the accidental rate, which was however, in this m easurem ent, of 
the order of 5 %.

C o n ta m in a t io n  f ro m  o t h e r  p ro c e s s e s .—T he m ain processes in com- 
petion w ith process (1) are the Compton effect on proton (elastic scattering 
of y-rays) and the m ultipion photoproduction.

The Com pton effect:

(2) T +  p  ->  T +  p

is hard ly  distinguishable from single photoproduction, since the kine- 
matics of the two reactions are very similar. However, the cross-section for 
elastic scattering of photons [12] is ^ 2 %  of the cross-section for process (1). 
Since the efficiency of our y-telescope to detect the y - ra y  from process (2) 
is ^ 1 0 0 % ,  while the efficiency of detection of the 7c° from process (1) is 
^ 5 0 % ,  there is in our results a contam ination of ^ 4 %  from process (2). 
W e have not attem pted to separate this contam ination, which thus affects 
our results.

The m ultipion photoproduction can also sim ulate in our apparatus 
events from reaction (1). However, there is a region which is kinem atically 
free of events of this kind: this region corresponds to incident photons whose 
energy lies in an interval of ^  140 MeV below the m axim um  energy of the 
brem sstrahlung spectrum . In our m easurem ents, the energy of the m achine 
was always such th a t the energy region explored by the spark cham bers 
was free of m ultipion photoproduction: the energy spectrum  of protons from 
reactipn (1) is an image (weighted with the cross-section for process (1)) of 
the brem sstrahlung spectrum . Properly choosing the absorbers in the proton 
telescope, the step in the proton energy distribution, corresponding to the 
end of the brem sstrahlung spectrum  [9], was always pu t w ithin the energy 
range explored by the spark  chambers; the range of photon energy to which 
each m easurem ent refers extends less than  ^  140 MeV below the m axim um  
energy.

T he events we m easure are thus due only to process (1), w ith a small 
contam ination from  process (2).

E l a b o r a t i o n  o f  t h e  d a t a ;  R e s u l t s .—W hen a coincidence of the 
proton telescope w ith the y-telescope occurs, we get thus a photo which 
contains the following inform ation:

entrance point (angle) of the proton; 
range (energy) of the proton; 
pulse height in counters S2 , S3 , C.
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W hen analyzing the photos, th is inform ation is transferred  on punched 
cards, which are then analyzed by an IBM  1620 com puter. Photos which 
do not contain a track  are disregarded: they  correspond to particles which 
stop in counter S3 or in the first plate of SCi, or to accidental triggers.

Particles interacting in the p lates of the chambers are accepted, unless 
the secondaries em itted are a t angles >  850. In  fact we applied to the final 
data  a correction for nuclear interactions (see A ppendix I), the m ean free 
path  for nuclear interactions having been extracted from m easurem ents [13] 
m ade in bad geom etry.

Photos containing two tracks are also disregarded: they  are of the order 
of i —2 %  of the photos, and the final data  are corrected for this effect.

Fig. 4. -  A proton spectrum as a function of the stopping gap (range).
The kinetic energy of the proton and energy of the photon producing the reaction y+p  ->  n°+p are also indicated (upper 
scales). The energy of the synchrotron was 650 MeV, and in correspondence a step in the proton spectrum appears (see text).

A bidimensional plot of the pulse heights in counters S2 and S3 allows 
us to eliminate, as we said, the pions and electrons from the accepted events.

A fter subtraction of the accidental ra te  and em pty target background, 
the rem aining events (protons stopping in the chambers in coincidence w ith 
a y -ray  in C) are plotted on a bidim ensional g raph in the variables R =  range 
of the protori and E y ■== energy of the y -ray  in C.

The projection on the E Y—axis allows us to check th a t we are not m issing 
events due to a threshold on C, and th a t the energy distribution of the y 
from  the tc0, as com puted by M ontecarlo (see A ppendix II), corresponds

31 . — RENDICONTI 1965, Voi. XXXIX, fase. 6.
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to experim ental spectrum . The projection n (R) on the R -ax is, corrected 
for nuclear interactions, is transform ed in a distribution N (T p) as a function 
of the kinetic energy Tp  of the protons (using the Berkeley range-energy 
tables), and used to determ ine the cross-section. In  fig. 4 a typical spectrum  
n (R) is shown, w ith the step image of the brem sstrahlung spectrum .

T he cross section is given by:

where:
TP
K
N (Jp)
Q
b (K/Eo) 

K

A £2

da
dO*-dK

Q-

N (T_p)-dTp/dK 
b (K/E0) _ ldQ*\ 

K 's'l da jp• A Q,-n

=  kinetic energy of the proton;
'=  energy of the incident photon;
== num ber of events per unit interval of T p\
=  num ber of equivalent quanta used to collect the data;

=  shape of the brem sstrahlung spectrum;
=  efficiency of detection of the y from the 7i° decay in C; 
=  num ber of atom s/cm 2 of H2 in the target;
=  solid angle of the proton telescope.

The arrows (F) indicate the fiducial marks which delimit the useful region (31*5 X 31*5 cm2). The proton distribution  
fits with the expected shadow of counter S3 from the H2 target.
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The meaning- of dTpJdK  and of d ^ jd Q .  is obvious.
The solid angle A fl is S /r2, where S in the area of counter S3 and r  its 

distance from the H2 target. T he loss due to m ultiple scattering was eva­
luated to be negligible. In  addition, a check of this was obtained by  m aking 
a distribution of the events as a function of the entrance point in the spark 
cham ber SCi, which appeared to be a rectangular distribution (fig. 5).

T he results of our m easurem ent are shown in fig. 6, and com pared w ith 
the results already available in the same energy region [10]. T he agreem ent 
is fairly close.

•  present experim ent; V . S. M cD onald  et al. [ io ] ;  □  D . C. Oa k l e y  et al. [ io ] .

Thej energy distribution unites fairly well the decrease of the first 
resonance and the rise of the second one. In  the energy interval we explored 
w ith high resolution no evident shoulder or peak or bum p appears clearly.

T he P11 resonance, whose w idth as we said is very large, of the order 
° f  ±  100MeV, would not appear in our data  as a sharp bum p, bu t ra th er 
as a flat background raising the level of the cross-section around 500-600 
M eV where the valley of the distribution happens to be.

Just in this last respect the low experim ental value of the m inim um
1 \xb\sf) leaves a fairly small space for a high am plitude of Pu  when any 

reasonable space is left to the tails of the neighbouring resonances.
In  conclusion, apart from possible interferences, our prelim inary  re ­

sults tend to 1 show th a t the P u  should have a small contribution, if any, in 
single neutra l pion photoproduction.

However, to get more definite conclusions, m easurem ents at various 
angles are in progress in Frascati, whose results will be published shortly.
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The authors w ant to stress th a t this work would not have been per­
form ed w ithout the continuous interest, collaboration and advice of Prof. 
G. Salvini.

A p p e n d ix  I .— Correction to the proton spectrum due to nuclear interactions 
in the spark chambers.

In  addition to losing energy through ionization, protons can suffer 
nuclear interactions in the spark  chambers. This results in a modification 
of the proton spectrum .

M easurem ents of the m ean free path  of interaction w ith m onochrom atic 
beams of protons have been m ade by different authors. W e will use in the 
following the results of the experim ent by G. P. M illburn et al. [13].

The results of this experim ent can be interpreted as follows: if we call 
911 (X , R) the distribution of the stopping point (X) of m onochrom atic p ro ­
tons, disregarding the straggling and nuclear interaction, one should have 
9R (X , R) =  § (X —  R) (All the distribution functions will be norm alized 
to 1). R depends on the energy of the beam. T aking into account the nuclear 
interactions, the d istribution becomes:

X <  R 

X >  R

if we use the criterion of assigning to the range X a particle interacting at 
X w ithout charged secondaries, or interacting at a point X ' < X  if one of 
the charged secondaries extends to a projected range X.

h =  110 g /cm2 if the stopping m aterial is alum inum , and is constant 
for proton energies between 90 and ~  25oM eV [13].

I f  instead of a m onochrom atic incident beam, we have any  spec­
trum  N  (R), due to nuclear interactions it becomes:

OO

(1-2) M (X) =  R N (R) m  (X , R ) .
0

By inserting ( I .i )  into (1.2) and integrating, we get:

OO

(1-3) N ( X ) = M ( X ) ^ A — - J ^ R N ( R ) .
X

O ur problem  is to get N (R) from (1.3). Deriving (1.3) w ith respect 
to X, we have:

(1-4) f - { N f X )  +  ? (X) =  o

9R (X , R) =  -  +  e~W  8 (X —  R)

9R (X , R) — o
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where

9 (X) -  —  ex'x M (X) d M \
X +  d X  ) ’

The general solution of equation (1.4) is:
x

(1.5) N (X) =  gxA |N (X 0) +  M (X) — M (X 0) +  -  J r fS M  (S) •

x.

The param eter Xo is an arb itra ry  param eter which m ust be determ ined 
by the boundary condition. I t  tu rns out th a t Xo can be taken as any  
value of X large enough so th a t N (X0) = o  and as a consequence M (X 0)= o ;  
for instance Xo =  +  oo.

(1.5) reads then:

(1.6) N (X) =  *XA M (X) </SM (S)
x

which is the required solution.
In tegrating  (1.6) over the thickness AR of one spark cham ber plate, 

and assum ing th a t N (X) is fairly  constant in this interval we get:

N (R )

R+AR

ja T X N  (X) =  <?RA
R

AM (R) —  2  AM (R)

where:

AM (R) = ' num ber o f  m easured events at the gap corresponding
to a range between R e R +  AR;

2 ) AM (R) — num ber of m easured events w ith a range >  R;

A]Sf (R) =  num ber of events expected to stop at the considered
gap in the absence of nuclear interactions.

A p p e n d ix  I I .—-Calculation of the geometrical efficiency of detection of the pro­
cess y -j~ P -{- p by the Montecarlo method.

O f all reactions ( i)  occurring in the target, only a part is detected by 
the experim ental apparatus: in fact, in order th a t a reaction (i) be detected, 
it is necessary th a t the proton enters the proton telescope, and th a t at least 
one of the y -ray s from the n° decay enters C. I t is easy to see th a t in our 
kinem atical conditions it is not possible th a t both y—rays from the 7r° decay 
enter C, since] its angular aperture is sm aller than  the m inim um  angle bet­
ween the two y -rays.

T he probability  th a t process ( i)  be detected by our apparatus, has 
been calculated w ith the M ontecarlo m ethod using the com puter IBM  7040
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o f the Istitu to  Superiore di Sanità of Rome. The block diagram  of this cal­
culation is shown in fig. 7.

T he im put data  are:

K =  energy of the incident photon;
0, =  angle between the direction of y -rays beam, and the direction

from the center of the H2 target to the center of C;
A0, =  angular aperture of C;
6 min min nmax max • . . . .p >9p y Vp , 9 p =  m inim um  and m axim um  angles accepted by

the proton telescope.

S tarred  symbols (e.g. 0*) refer to the center of mass system  (c.m.s.) of 
reaction (1); crossed symbols (e.g. 0*) refer to the rem aining system  of there0; 
symbols w ithout index refer to the laboratory system  (l.s.).

Fig. 7. -  Block diagram of the Montecarlo calculation of the efficiency 
of C to detect the tu° from reaction (1).

T he calculation is perform ed as follows:

1) T he m inim um  and m axim um  angles of the proton telescope in 
the c.m.s. are calculated.

2) cos 0|  and 9* =  9 / are random ly sorted w ithin those limits. The 
distribution is supposed constant in this small interval.
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3) T he vector p momentum, of the tt°, is calcuated.
4) cos 0^ and 9+ == 9y are sorted w ith flat d istribu tion  in the to ta l 

solid angle. 0^  is the angle between the direction of the y in the 7r° rest system  
and the line of flight of the tu°. cpY — cpY is m easured w ith respect to a plane 
passing through the center of C, and the line of flight of the n°.

5) The angle cos 0^  is transform ed to the laboratory system.
6) T he angular distance 0Y between the center of C and the decay y 

is com puted.
7) 0y is com pared w ith AO,; if AO, <  0y the event is not accepted. 

If  AO, 0Y the event is detected by C and thus accepted.
8) The energy E y of the detected y is com puted and memorized.
9) T he spectrum  of Ey is plotted.

T he calculation is repeated until good enough statistics are collected. 
Since the efficiency turns out to be ^ 5 0 % ,  if we repeat the calculation 
50,000 times, we get the efficiency e w ith an error of ^ 0 . 5 % .

In fig. 8 the efficiency as a function of K is shown.

Fig. 8. -  Result of the Montecarlo calculation: efficiency of detection of the 
tu°  from reaction (1) as a function of the energy of the incident photon.

A p p e n d ix  I I I .-—Calibration of the Cerenkov C.

T he Cerenkov counter C (fig. 2) is a solid glass cylinder. T he lead 
glass is viewed by three Philips 58A V P, 5" photom ultipliers connected in 
parallel. A t the entrance of the Cerenkov a lead ring fixes the aperture of 
the counter towards the H2 target to a diam eter of 25 cm.

T he calibration of the lead glass Cerenkov has been done by sending 
to C a beam  of m onochrom atic electrons at various energies. T he beam  was 
taken at the exit of the F rascati pair spectrom eter [11 ]. This calibration



4-66 Lincei -  Rend. Sc. fis. mat. e nat. -  Voi. X X X IX  -  dicembre 1965

has been considered as valid for the photons. In fact the initial difference 
(a photon ra ther than  an electron) will only presum ably display the deve­
lopm ent of the shower in the lead glass, while the length of our Cerenkov 
(' ' 12 radiation lengths) is enough to absorb all the cascade shower in the 
range of energies (200-700MeV) covered in our m easurem ents.

Experimental disposition fo r  the calibration.

T he disposition for the calibration is given in fig. 9. T he brem sstrah- 
lung spectrum  from  the synchrotron (the energy of the m achine was set 
a t 1000 MeV) is collimated in the lead collimators C l and C2. U se is m ade 
of a sweeping m agnet M to elim inate contam inating electrons in the beam. 
T he brem sstrahlung beam  travels in a vacuum  on the way from M to the con-

Fig. 9. -  Experimental arrangement for the calibration of C.
Cr» C3 : lead collimators; M: sweeping magnet; P. S. : pair spectrometer; i ,2: scintillation counters; C: Cerenkov.

verter. T he gap of the  spectrom eter is also under vacuum. T he converter 
producing the electron pairs at the entrance of the spectrom eter is an alu- 
iminum disk of thickness varying from o .i to 1 mm  (0.1 m m  in the  case 
of fig. 10). Once the Cerenkov was placed a t a given exit angle 0 from  the 
spectrom eter the energy of the electrons hitting  the Cerenkov was changed 
by  varying the m agnetic field in the spectrometer. T he angle 0 is fixed at 
40° by the counters 1 ( i o x i o c m 2) and 2 (5 X 5 cm2) (fig. 9). In  these con­
ditions the spectrum  of the electrons entering the Cerenkov is fairly well 
defined around the average energy E: in fact it is flat w ith a SE/E =  ±  2%.

All the electronics used in the calibration, from the Cerenkov to the 
analyzer, were the same as we employed with the actual m easurem ent of the tA

Results o f the calibration.
I

T he pulse height distributions from the Cerenkov are shown in fig. io 
for different energies of the electron beam. W e see, as expected, th a t the 
abscissae of the peaks of these distributions are linearly correlated to the
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energy of the electron beam entering the Cerenkov. This appears clearly 
in fig. 11 where the peak position in the m ultichannel is plotted versus the 
electron energy.

Fig. 10. -  Typical pulse height distribution from C, corresponding to different 
energies of the incident electrons.

Fig. Ti. -  Average pulse height from C, as a function of the energy of the incident electrons.

As we can estim ate from fig. 10, the relative w idth À E/E  of the pulse 
height spectrpm  is always less than  ±  30%. The values of the absolute widths 
AE fix the resolution of the Cerenkov C at each energy. By illum inating 
with electrons different regions of the Cerenkov C and by slightly ro tating 
the axis of the Cerenkov w ith respect to incident beam, we verified th a t each 
pulse height distribution of fig. 10 did not change appreciably.
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Stability of the Cerenkov calibration.

By repeating our calibration with some regularity  we found some slight 
( <  10%) and slow variations of the calibration constants (position of the 
peak and w idth). These changes were taken continously under control and 
corrected by system atic m easurem ents of the pulse height distribution of the 
cosmic ray  particles h itting  the Cerenkov.
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RIASSUNTO. —  Si descrivono il dispositivo e il metodo sperimentale utilizzati in una 
misura della sezione d’urto per la reazione y +  p  tu0 -f- p- Questa misura è stata eseguita 
all elettrosincrotrone di Frascati da 1,1 GeV, e si riferisce ad una energia dei fotoni primari 
compresa fra 400 e 600 MeV, e ad un angolo del tc° del baricentro di 1350. La principale carat­
teristica del dispositivo sperimentale, formato di contatori di Cerenkov e a scintillazione e di 
camere a scintilla, è la buona risoluzione in energia del fotone incidente db 5 MeV) quale 
è richiesta per mettere in evidenza eventuali risonanze strette, con una larghezza dell’ordine 
di alcune decine di MeV.

I risultati mostrano un andamento regolare della sezione d’urto in funzione dell’energia. 
In particolare non si trova alcuna indicazione in favore della risonanza P n ,  che è stata trovata 
in altri cànali di reazione. I pochi risultati sulla fotoproduzione già disponibili in questa regione 
cinematica, sono in buon accordo coi nostri risultati.


