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SUMMARY -

Photoproduction cross-section of the 7 particle for incident pho
ton energies K from ~ 800 to <~ 1000 MeV has been measured at the
1,1 GeV Frascati electronsynchrotron,

The differential cross section for this process, at ¢, m, angle
of the M of ~'110°, turns out to be fairly constant for 830 MeV £ K=
900 MeV, and drops down of a factor 5 to 10 at K = 950 MeV, These re
sults are discussed in terms of a comparison with the data on the pro-
duction of % 's by pions, and with the data on pion-nucleon scattering
and pion photoproduction, '

The conclusions are in agreement with the hypothesis that the
) «N system is dominated at low energies by a resonance with orbital
angular momentum 1 = 0 (81/2 1/2 resonance),

(x) - Istituto di Fisica dell'Universita di Roma and Istituto Nazionale di
Fisica Nucleare, Roma ' '
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INTRODUCTION -

In this paper we describe an experiment which has been carried
out during last year at the 1,1 GeV Frascati electronsynchrotron, in or
der to measure the differential cross section for photoproduction of the
# -particle in the reaction ‘

(1) y+p =>79+p

The experimental results have been already synthetically presented el-
sewhere(1)

In section 1 we describe the experimental lay-out, The criteria
used in the analysis of the data are discussed in section 2, The experi-
mental results are presented in section 3, along with a discussion of the
possible sources of errors. In section 4 we compare our results with
the resulis on % production by pions, as well as with pion-nucleon scat
tering and pion photoproduction, Our conclusions are presented in sec-
tion 5, )

SECTION 1: EXPERIMENTAL ARRANGEMENT -

The experimental lay-out is shown in fig, 1, It is similar in prin
ciple to the one used in our previous experiment(2), which has been de-

Y-RAYS BEAM

7773 Al
CONGRETE"

PLEXIGLASS
Cu

FIG, 1 - Experimental lay-out (see table I)
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geribed in detail in ref. 3, but it has now a much larger acceptance and
better resolution, '

The main point in our arrangement is to detect the recoil proton
in the proton telescope P,T, (measuring its angle and energy), and the
v-rays from neutral decays of the 7. in the Cerenkov C (measuring their

energy).

The Cerenkov C is set on the line of flight of the %, The kinema
tical situation with the specific values of 0, (angle of emission of the pro
ton in the lab,) and Qi]‘ (angle of emission of the % in the c.m,s,) is given
in fig. 2, S

99 7

20

10%

’ 2% o @0 (M) B

FIG. 2 -Kinematics of reaction (1): Lab. proton angle (Gp)vs. Lab. proton
kinetic energy (T,). Curves parameters: incident photon Lab. ener
gy (K) and c. m. angle of the ”7(9"; ). The shaded areas represent
the kinematical situations chosen in the present (a), and in our
previous 2) experiment (b). :

The y-rays beam from the Frascati 1.1 GeV electronsynchrotron
is incident upon a 7,4 cm liquid hydrogen target(4). The proton telescope
(fig. 1) consists in the scintillators S to Sy, the plexiglass Cerenkov Coun
ter Cp, and the four spark chambers 5,C.1 to S,C.4, This telescope measu
res the energy of the recoil protons through their range in the spark cham-
bers, and discriminates against pions and electrons, The y-telescope (to-
tal absorption lead glass Cerenkov counter C with an anticoincidence S5
in front) which detects y-rays in coincidence with the protons, measures
their energy through the pulse height,

The proton telescope, the y-ray telescope and the block diagram

of the electronics are described in the following, A list of the characteri-
stics of counters, absorbers and spark chambers is given in table I,
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a) The proton telescope.

The proton telescope (fig, 1) is centered at an angle 0, = 20, 6°
with respect to the incident photon beam direction and has an angular ac
ceptance AQ_ =+ 2,40 corresponding to a solid angle, defined by coun
ter 83, of 6, ’F msr in the 1aborator37 system.

The elements of the proton telescope are:

SO, S1, 89, Sg, S4: scintillation counters;

Cp : plexiglass Cerenkov counter;
S.C, : spark chambers;

A, B,C, : aluminum absorbers

D : copper absorber

The spark chambers(5) are’ sandwiches of aluminium plates (3 mm
thick), and glass frames (5.5 mm thick) glued with araldit, Henogal gas
mixture (65% Neon, 35% Helium) is circulated in each chamber. A hole
in each aluminum plate, at opposite corners for neighbouring plates, al
lows gas circulation through the all chamber. Each chamber has 13 alu-
minum plates (12 gaps); S.C.1 and S.C.2 are 31,5 x 31, 5c¢m2;S,C.3and
S.C.4 are 41,5 x 41,5 cm? useful area,

The spark chambers are driven by four spark-gaps in air, which
are triggered when a coincidence of a ''proton' with a y-ray in C occurs,

A "proton" is defined by the coincidences:

N, =85,(8,D)S,8,5, or N, =585, Cp

S and @_p being in anticoincidence, (S{D) means a discrimination on the
pulse height of the counter Sy, ’

The triggering through Ny or Ny guarantees that all the protons
stopping in the four spark chambers are counted. In fact Ny are parti-
cles entéring S.C.3 and S.C. 4 (fig. 1), Since pions and electrons ente
ring S.C.3 and S.C. 4 are above the Cerenkov threshold in Cp, there
is only a small contamination of them in Ny,

Conversely, pions stopping in S,C.1 and S,C, 2 are often below
threshold in Cp, which therefore has not been used in Nl- The discri-
mination on S4, however, eliminates a good percentage of pions stop-
ping in S.C. 1 and S,C.2 without eliminating protons, The additional con
dition of a coincidence with a y-ray in C, reduces to *¥ 10% the conta-

* mination of pions in the triggers of the spark chambers, Finally, the
pulse heights in S, and S5 are digitized and recorded on each photo:
complete elimination of pions is then allowed, when analysing the data; -
by a two-dimensional pulse height plot for particles stopping in a small
range interval (fig. 3). '
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FIG, 3 - B1d1mens1ona1 plot of pulse helghts in counters So and S3. Pro
tons are clearly separated from electrons and pions,

The wedge aluminum absorber B in P, T, corrects for the de-
pendence of the energy of the recoil protons from reaction (1) on their -
angle of emission, This allows.a one to one correspondence between
the energy of the incident photon an the stopping gap of the proton in
S.C., s1mp11fy1ng the analysis of the data,

b) The y-ray tele_scope.

The total absorption Cerenkov counter C (fig,-' 1) is a cylinder -
(30 cm in diameter, 25 cm thick) of lead glass manufactured by Shott -
(Jena), 60% in weight of Pb, with a radiation length of 2.5 em; it =~
is viewed by three 58AVP phototubes
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The container of the phototubes, with their voltage dividers, is
cooled with forced air circulation to avoid drifts due to changes in tem
perature, .

A lead collimator in front of C (fig. 1) reduces the useful area
to 25 cm in diameter, The anticoincidence counter Sg is placed between
the lead collimator and the Cerenkov, A slab of polythene 6 cm thick
shields Sy from low energy particles, to lower the rate of accidental
anticoincidences,

The Cerenkov counter C was calibrated using monochromatic
electrons from the Frascati pair spectrometer(6), The result of the ca
libration (pulse height analyser channel vs, electron energy) is shown
in fig. 4.

800F
>
Y
R
600 .
2
~ @
S
4001 .
o
E
200w
: ‘ PHA. channel
0 - 1 L L_

1 L
=25 0 25 50 75 100

FIG. 4 - Results of the calibration of the lead glass Cerenkov C:
energy of incident electrons (MeV) vs, average pulse
height analyzer channel,

The resolution during the calibration turned out to be ~ + 20%
(half width at half maximum) at 500 MeV, changing as ~ 1/VE with the
electron energy.

c) The electronics,

The block diagram of the electronics is shown in fig, 5. Most
of the elements used are described in ref, 7. The part concerning the
coincidence between the proton channel and the v-ray channel has been
duplicated in order to have a simultaneous measurement of the acci-
dental rate which is, for the coincidence y-proton, as high as ~10%.
The accidental rate in the proton channel is much smaller (~2-3%).

The pulse height spectrum of the Cerenkov counter C is measu
red in a multichannel analyser: the digitized output of the analyser is
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'FIG. 5 - Block diagram of the electronics.

also recorded on each photo, which thus contains the following informa-
tions: angle and energy of the proton from the spark chambers: we use
the Berkeley range-energy tables(8) to get the kinetic energy of the pro
ton; energy of the y-ray in the Cerenkov C; pulse heights in S9 and Sg.



SECTION 2: DATA REDUCTION -

After the elimination of pions and electrons from the particles
detected in P.T. our information is summarized in a bidimensional
plot, whose coordinates are: the stopping-gap of the proton, that is. a
quantity which goes with the kinetic energy Tp of the proton; and the
multichannel response to the Cerenkov C, that is a quantity going with
the energy E of the detected photon, When we project this plot on the
proton axis, we obtain the proton energy spectrum (flg. 6); when we

15 : 4
Eo = 900 Mev

Ey > 420 Mev

LTSV .

\
c Mq-570 MeV #\so MeV \530 MeV
B \

10

Arbitrary - units

_ s s %ﬂuu

L 1 ~1 =
200 225 250 275 325
Proton Kinetic Energy (MeVv)

FIG, 6 - A typical result of the step method: energy spectrum of protons
in coincidence with a y-ray in C with energy E'Y = 420 MeV, The
step characteristic of recoil protons from reaction (1) is clear
ly visible, overposed to a small background, The expected po-
sition of the step for different values of the mass of the 7 is
shown. The machine energy(E )was 900 MeV,

project on the y-ray axis, we get the energy distribution of the v's (fig,
7).

Both the photon spectra and the proton spectra contain useful in
formatlon on reaction (1),

a) y-ray spectra.
The 9 can undergo at least the following decay modes:
7>ty 7= vy » - vy
7> nta-mwO 2 => 370 :

The expected energy spectra of photons entering C from the neu
tral decay modes of the % are shown in fig. 8. They have been compu-
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FIG,. 7 - Result of the y-ray method: energy spectrum of photons in C
in coincidence with protons whose energy was compatible with
being recoil protons from reaction (1), The spectrum is fit-
~ ted with the expected shape for photons from the neutral decays

of the 7 .. ’

10_" L LE T L L) L L} L
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4he L
o
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FIG, 8 - y-ray energy spectra in C expected from the decays of the ¥,
The calculation has been done in the statistical model, Expe-
rimental resolution folded-in, For spectra normalization see
text, ‘
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ted in the statistical model, using Monte Carlo method. The finite dimen
sions of the counters and the energy resolution of the Cerenkov C have
been taken into account,

The spectra are normalized to equal probability for the different
decay modes, Therefore the area

(0.0]
fo §,(B_)E_

represents the efficiency of detection in C of the i-th decay mode (i stands
for yy, 3w0, wOyy). As we see, the spectrum due to the decay mode 7 —>
—» vv is quite different from the others: it is a peak whose width is deter
mined practically only by the energy resolution of C and centered at an
energy of 480 MeV, where the contribution from the other decay modes is
rather small, The contribution from background processes {(multipion pro
duction) is very similar to the contribution from the decay % —> 3w0. The
spectra of fig. 8 refer to an incident photon energy K = 900 MeV, but
they are quite insensitive to this parameter., Once an experimental E,Y—
spectrum has been collected (referring to protons stopping in a small ran
ge interval, that is to a small K interval), the number of events due to
reaction '

(1) v+p —>’7+p
YY

can be extracted by fitting the spectrum with the curves of fig, 8, This
method is not very satisfactory, due to the rather poor resolution of the
Cerenkov C, However, the results we got are in very good agreement
with the results of the more powerful step method, which we are going
to describe, -

b) Proton spectra,

_ The energy spectrum of protons from reaction (1) is expected to

be an image of the bremsstrahlung spectrum, wheighted with the cross-
-section for process (1), Therefore it must show a step, corresponding
to the end of the bremsstrahlung spectrum. The height of this step over
the smooth spectrum of protons from background processes is proportio
nal to the cross section for process (1), The main difficulty of this me-
thod is that the step is generally very small, over the total contribution
of background processes, ' o

However, if we select protons in coincidence with high energy pho
tons in the Cerenkov C (for instance E,, > 420 MeV), it is clear from the
spectra of fig. 8 that not very much is left but the contribution of process:
(1'), In fact, we get in this case proton spectra which are very close to
pure steps, the contribution from background processes being quite small,
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This background has been evaluated on the following line: by col-
lecting experimental data at many different values of the machine energy
(E,), a sistematic investigation of background processes is performed in
the kinematical region just below threshold of % production at our angle,
We then extrapolate in the region where the % is produced as described
in detail in ref. 3, It is worth noticing however that the multipion back-
ground is less important in this experiment than in our previous one
since in the chosen kinematical region the cross section for reaction (1)
turned out to be a factor 5 to 10 higher than before, the mu1t1p10n back-
ground being almost unchanged, '

SECTION 3: EXPERIMENTAL RESULTS -

a) Step method,

A tipical proton spectrum in coincidence with photons in the Cerep_
kov counter of energy = 420 MeV, is shown in fig. 6. The-expected posi
t1on of the step for different values of the mass of the % is also shown,

As we see, the background from other processes than process (1) is in-
deed very small, In fig, 9 the difference between two proton spectra cor
responding to different energies Eg of the electronsynchrotron (900 MeV
and 860 MeV) is given,. In this case, the spectrum is a peak, whose posi
tion corresponds to a mass of the % of 550 MeV, with an error of a few .
MeV. The absolute calibration of the machine energy, and of the energy
scale in the proton spectrum, was checked by making a similar step spec
trum from single wO photoproductlon(3) ‘

_S70 S50 530 Massof the created particle MeV)
N I T A
: .

i

]

!

(Es=900 , ﬁev)-(:,-eso ﬁev)

+} ) g'.)AZOMeV

10

Arbitrary units
+

e
e

0 — L A I 1
100 150 - 200 250 : 350
‘ ' Proton Kinetic - Energy (MeV)

FIG, 9 - Typical result of the differentiation method: difference between
two proton energy spectra (in coincidence with photons of energy :E,}, >
Z 420 MeV in C) taken at different values of the machine energy (E

= 900 MeV and E, = 860 MeV), The expected position of the peak for d1f
ferent values of the mass of the ’7 is shown (upper scale) ‘
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From the various spectra of the type shown in fig, 6 one can cal-
culate the cross section for process (1):

2 de _n _£1 %2
adf £ N, N AN
| Hp v

where
de& . . . . . . L
do% 11 the c.m, differential cross section relative to a given c.m. angle

9.7 of emission of the % in reaction (1);
n is the number of ¥ events observed in a given energy 1nterva1 of

the incident photons;
& is the efficiency of detection of the % through its decay products.

$ can of course be calculated once the spectra of fig. 8 are known,
The main source of error in £ comes from a possible error in the
absolute calibration of C, affecting the energy cut-off at a nominal
value of 420 MeV. A possible error of + 7% in the energy calibration
was propagated to 2,

A factor ( ~ 0.94) was applied to the efficiency to correct for the ab
sorption of y-rays in the polythene in front of S5,

Ny . is the number of protons per cm?2 in the Hp target, From the geo-

2 metry of the liquid hydrogen target,NH, was evaluated with an esti-
~mated error of + 3%,

s 1 5—2 are correction terms which take into account the nuclear interac-
tions and the Coulomb scattering in P,T., respectively. £4 was
evaluated using a mean free path for interaction in aluminum =

=110 g/cm2, as extracted from Millburn et al(11), A possible er-
ror of + 20% in A was propagated to £1. &3 was evaluated to be
~ 1 in our telescope, N ‘ :
A = gf AL is the c.m, solid angle of the proton telescope. It was
calculated from the geometry of the telescope, and checked by making
a distribution of the events as a function of the entrance point in the
spark chamber (fig. 10). This checks also that £2 o

Ny is the number of incident photons in the concerned energy interval,
We have:

S S

N, =g b(E ) AK Q
o
where:
1. K. . , ' (9)
g b (———E ) is the energy spectrum of the bremsstrahlung beam
o : ' .

AK = ﬁ_ AT is the accepted energy interval of ‘the incident photon;

p
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FIG. 10 - Distribution of protons entering S.C.1 as a function of the en
trance coordinates, This d1str1but1on fits well with the shadow
from the Ho target of counter S3, which defines the solid angle,
The fiducial marks F indicate the useful area of the spark cham
bers.
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is the average value of the energy of the accepted incident photons;
is the number of équivalent quanta measured with a Wilson quan-
tameter(lo); | - :

N was considered known with an error of + 5%, due to a possible
error in the calibration of the Wilson quantameter; '

O N

b) y-rays method,

As we said, the number of events 7 — yy is extracted from the
v-ray spectra by fitting the experimental spectra with the computed spec
tra of fig, 8. The cross-section is then computed on the same lines as for
the step method. '

. The results of the two methods are clearly not statistically inde-
pendent, The consistency of the results obtained with the two methods
(fig. 11), checks against systematic errors in the extraction of 7/ -events
from background. :

c) Resulis,

" In table II (column 2) the results for the cross section (d&/d2%)
(-7 —> ~v) are given (step method), In table III the values of the cross sec
tion from the analysis of the y-spectra are also given,

The values of the cross section (d6/d¥) for the process

vy+p—> 7 +p

all modes

reported in table II (column 3), are obtained by dividing the measured cross
section for v + p — %7 + p, by the branching ratio C :
' ' vY

7> vy
"7 —= all modes

which is known from the world average(12) as 0,38 + 0,03,

In fig, 11 we report (de‘/d_().x)( » - vv) (ordina’tes on the left) and
(d&/a*) '7 ~> all modes) (ordinate& on the right),

In table IV the photon flux used to collect each set of data is re-
ported in equivalent quanta, '

SECTION 4: DISCUSSION OF OUR RESULTS AND COMPARISON WITH O-
THER DATA, - '

A) - Let us first méke some immediate comment on our values of the
cross section, reported in fig, 11, The cross section at least at our an-
gles, goes down rather drastically from K = 850 MeV to 950 MeV, We
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- TABLE 1II

- -

Differential cross sections for the process v+p = 7+ p as obtalned
with the step method : : :
Col, (1): energy of the 1nc1dent v-ray, laboratory system, |

Col.(2): differential cross section in the c. m.s, ‘relative to the % deca—
ying in the mode Y =2 vy. '

Col, (3): dlfferentlal cross section in the ¢, m,s, for ? —> all modes.
’Y’Y/FTOT 0,38 from the world average 2))

Col, (4): Center of mass angle of the ¥ .,

(1) - (2) (3) (4)
K ‘ - (d& /daE) (de/da¥) | 93,‘7

(MeV) . (10."31cm2/sr) '(10"3lcm2/sr)., - (deg.)
836 4,24 + 0,51 11,1 +1.3 107
841 3.29 + 0,51 8.7+ 1.3 108
847 | 4,05+0.59 10,7+ 1,5 109
853 | 3,71 +.0.59 9.8+1,5 110
859 | 4,05 + 0,59 10,7 +1,5° 111
866 4,14 + 0,51 10.8 + 1.3 112
873 4,05 +0.59 10.7+ 1.5 113
879 13,04 +0.59 8.0 + 1,5 113

- 884 3,37+ 0,76 8.8 +2,0 114
889 3,04 +0,76 8.0 + 2.0 114
895 3.46 + 0,76 9.1+ 2,0 115
905 2,36 + 0,42 6.2+ 1.1 115
915 1.35+ 0,59 3.5+1.,5 116
921 |  1,35+0,68 3.5+ 1.8 116
926 2,23 + 1,30 5.9 + 3,4 o117
932 | 1,95 +1.30 5.1+ 3.4 117
937 2,14 + 1,40 5.6 + 3.7 118
944 | 0.65+0.84 1.7+2.2 118
950 0,28 +0.93 0,714+ 2.4 119
955 0.56 + 1,02 1,5 +2,7 119
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- TABLE 1III

Differential cross section for the process y +p > 7 +p (y-rays-method).
For symbols see table I.

(1) | (2) (3)
K (d c‘r/d_u.l“)W (de~/d 0¥)
(MeV) (10'310m2/sr) 1 (10"3lcmz/sr)
839+ 8 3.38 + 0,61 8.9 + 1.6
857 + 10 3.73 + 0.63 9.8 + 2.6
889 + 21.5 3.13 + 0.50 8.2 2.2
927 + 17.4 1,73 + 0.47 4.6 +1.2
TABLE IV

Photon flux used to collect the data, Different values of the machine
energy were set during the measurements, in order to get a good eva
luation of multipion background,

‘Machine energy E Number of equivalent
(MeV) . - quanta
810  18.6-10%2
860 20,0 "
900 31,0 "
940 40,0 "
980 19.9 "
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FIiG, 11 - EXperimental results on % -photoproduction cross section arow
und 90° ¢, m, s., available up to now.

know from the work of Prepost et al, (13) that the cross section for pro-
cess (1) arises from threshold (710 MeV) rather abruptly and stays mo-
re or less at the same values froms~760 MeV to~860 MeV, Prepost et
a1{13) also found that the cross section is rather close to 1sotropy at

~ 800 MeV,

The photoproduction of the 4 has therefore a fast rise and a ra-
~ther fast decrease, which immediately invites to look for a resonant be-
haviour, or at least for the large phase-shift responsible for this ano-
maly,

This question goes to thevfu‘ndamentall‘aspects of the % -baryon
system: in fact a similar behaviour (fast rise and rather fast descent),
even if not so pronounced, is observed in the reaction 7= +p —> % +n
by Bulos et al 14). Beyond this, such a behaviour of the % cross sec-
tion appears in a dramatic way in the %4 system(15). In fact in the
reaction K~ + p —> %+ A the total cross section reaches its maximum
at v 5 MeV above the threshold in the ¢, m, s, (this corresponds to a
c.m, momentum of ¥ 50 MeV/c) and is again below one half of the
maximum at 7~ 25 MeV above the threshold (that is about 140 MeV /c
of the 7 ¢, m. momentum),

~ The 7 seems therefore ready to appear in all possible channels
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as soon as this is dynamically possible. On the contrary, when the c.m,
energy increases, the 7% production goes down to much lower limits, In
fact the % production is low in pp annihilation(lﬁ); it goes also down ve-
ry fast in the reaction n” +p > 9 + n{17) when the momentum transfer
-t goes beyond , 3 (GeV)2,

The following of this section is devoted to a quantitative compa-
rison of cross section for m and 7 production by pions and photons, as a
contribute to the understanding of the % -baryon forces, and their influen
ce in the so-called baryon spectroscopy. " .

B) -Letus start by stressing the following points:

The data on % -production are up to now too scanty to allow a com
plete phase-shifts analysis, independent from the hints and suggestions
coming from the w-N spectroscopy.

The % has in common with the w0 all the quantum numbers (but
isospin and mass), and is in addition assigned to the same octed in SU(3)
models (the K, K, m, Y oc‘tet(lg)). This invites to the hypothesis that
the % -N resonances are the same isobaric states of the mw-N resonances

with branching ratios which may be estimated through SU(3) and phase
space(lg: 20) ,

The n-N spectroscopy begins to be rather well known in the 0,5-
-1.2 GeV region (from w-scattering and w-photoproduction data) and is
characterized by w-N resonances.,

The diagrams which contribute to % -photoproduction (and pro-
bably also to % -production from pions at our energies) are essentially
of the type given in fig, 12, They have therefore only nucleons or nucleon

Y n N n,’
I ~ V4
, ,/ . \\\ | y //
N (N¥) | | N (N*)
N N N N

FIG. 12 - Typical graphs contributing to the photoproduction and w-pro
~duction of %'s, N¥ stands for an isobaric state of the nucleon.

isobars as propagators (here and in the following, N stands for nucleon,
N* for any excited isobaric state),

In this situation, it seems to us a natural starting point to ana-
lyse the % -production data in terms of a comparison with w-produc-
tion data, in order to determine if the 77 -N system goes through the sa
me resonances of the n-N system, -or if (also)there are peculiar Y -N
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resonances, We shall see that the second case is probably the right one
The comparison must be done between n-N and 7 -N states with the sa-
me isospin and total angular momentum, '

To compare the w-N and the % -N systems, let us consider the
following cross-sections, and the corresponding reactions with a proton
in the initial state '

(4a) (g;)“_»’ . w4p—>y+n
(4b) (g%)w'vo " +p ——> 7 +n
(4c) (%3‘3,.—)“_“,_ 7~ +p —>m +p
(5a‘) | (346;-*)7’7 Ytp =7 +p
(5b) (25, o Y+p —> 10 +p
COR L )t y¥p >t +n

and the corresponding total cross sections € (n-, ’7 ) étc.

We must first separate the different isospin states, Our proce-
dure stays on the following points

- The reaction (v~,% ), (v, % ) are pure T = 1/2 states,

- All the other processes indicated in (4), (5) are mixtures of T = 1/2
~and T = 3/2 isospin states,

- It is possible to isolate the T = 1/2 isospin in the = scattering: in fact

§ (T=1/2)=3/2[6( ) + €, 10) - 1/3 & (x, 1]

- It is not generally possible to isolate the T = 1/2 state in m photoproduc
tion, unless we are in a region where T = 3/2 is negligible or rather
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low., This seems to be our 'case(x),

With this assumption the relations among the elastic and charge-
-exchange w cross sections (4) and the photoproduction cross sections (5).
become rather simple, and with sufficient approximation we assume:

(6) 6 (T=1/2) =2 [6(rmn7) + €, 70
™ 2
for the scattering, and:

(7) 6, (T =1/2) = §(y,7°) + &y, ") & 3& (7, 7°)

for the photoproduction,

These relations are also valid for the differential cross section,
which are indicated as

T=1/2 ;v(‘de/‘d&x)Tq/z

(d&/d)
ym T

etc,

We make now use of these reactions to compare % processes ahd
‘pion processes in the same isospin state, T = 1/2. In particular we com
pare the ratios:

(d#/d.n.")Tﬂ/2 (de/dn®)
(8) R (0) = 1~ 3 =
(d&/dn )7,7 (de/dn )'Y

and

(x) - The assumption that in our energy region (800-1000 MeV of the in-
cident y-ray) the states T = 3/2 give a small contribution, may be
rather well justified:

- No resonant state in T = 3/2 seems to play an important role bet-
ween 1400 and 1800 MeV total mass (that is between 600 and 1200
MeV for the incident photon energy). - ’

- In our energy region the ratio & (y, n*)/ 6 (v, v°) is rather close to
2:1, as predicted for T =1/2, Ce

- This ratio is close to 2 at 180° of the w, where the contribution of
the direct photoproduction term in the =t channel is zero, (We thank
Prof, C. Schaerf for indicating this point on his data),

- The cross section for ™ scattering (r+ + p — 7™ + p) is lower than
the corresponding =~ scattering by more than a factor 2(23) in the
concerned energy region,



22,

(d6-/dsn )T 1/2 q (ds/d.D.x)“_“_ + (ds-/d.tf‘)ﬂ_ﬂo
R (0) = v 5

" (de/da* )M} , (d6 /dn¥)

LAY

We indicate by R (total) and R, (total)these ratios when refer
red to the total cross sectlons

The values of R, R_ as a function of the energy are given in fig,
13, We calculated the value of R., (120°) using our measurements for the
7, and the results of other authors on the -rr-photoproductlon(21) R‘Y (to
tal) was obtained as 4nR.(0), this hﬁ)othesm being supported by the iso-
tropy of reaction (1) at fv 800 MeV

T T

0
8o} |
]
t
1
: H
g0l @ Ry(® 9-120° (FRASCATI, R.DIEBOLD®") | °
o Ry (Total) (FRASCAT! , R DIEBOLD®Y) !
J HELLANDet al®¥
= Ry (® w<a<m{rwmem A |
A Rp (Total) !
|
]
4o} :l

- R
) k ! gggggggé f{ f

.
o . 6 - A : 1
o 20 3553 300 350 400 Py MeVl)
v : 80 900 T (MeV
750 800 850 900 80 1000 1090 K (Mev)

FIG. 13 - The ratio of the m~ to. % - production cross-sections, as a fun
ction of the ¢c. m. momentum (P’§7v') of the Y (upper scale), The
laboratory energy of the particle producing the reaction‘is al-
so reported in the lower scales: kinetic energy of the pion (To)
and photonenergy (K). R'Y and Ryare defined inthe text,

The values of R (Q) are deduced from the measurements of Bulos
et'al, (14) on the 9, and of the same authors(22) and of J, Helland et
al, (23) on the pion exchange and scattering,

The abscissa in fig. fig. 13 is linear with the momentum (P,.7 ) of
the # in the c, m, system,. The angle chosen for R, (0) is an average. in the
- interval 80° - 120° of the %4 and the = in the ¢c.m.s, The value R (total)
is less meaningful, due to the very large contribution of the forward scat
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tering in (v~, w~) and (v~, w0) processes. This large contribution is pro-
bably due to the inelastic processes which reflect themselves in the ela-
stic channel as diffraction scattering(23). Anyway, Rﬁ(tota]) is reported in
fig. 13, and exhibits the same qualitative behaviour than all the other R
values shown there,

The R values allow a first quantitative comparison between the
w-N and 7 -N final states, We remark: . '

a) in the region 140 = P%, < 300 MeV/c the values of Ry and R, are ra-
ther low, constant, and close in absolute value, This means that the
is rather abundant in this energy interval (one % every 4 or 5
pions); in addition, being R_(8) so close to R_(0), the isospin forma-
lism we followed torextract the T = 1/2 state gives results which are

remarkably consistent with the experimental evidence,

b) As we go beyond 300 MeV /c of P¥ , the ratios R increase rapidly
to show that pions (from the elastic channels and from single photo-
production) become relatively more abundant with respect to Y 's,

From these results we could be, at first sight, lead to conclude
that the % shares with the pions the second resonance: N¥X (1512 MeV)

Dy/a,3/2°
However, following an argument by Dashen(zo), the angular mo-

mentum factors alone would reduce the contribution of N¥¥(1512) in the
% _production by a factor larger than 200 as compared to the m-produc
‘tion. This is very low as compared with the experimental values of R
we gave in fig, 13, unless we assume unreasonably high values for the
% _N-N¥¥ coupling, If any, there is some evidence that the coupling
G(WNN¥%) & 2G(nNN%¥)(20, 24)  Thus, it is very improbable that the
relatively high value of the.”/ photoproduction cross section at 750-850
MeV of the incident photon, can be due to the second resonance +),

C) - The high value of (d&6/d-n.¥) ,,7 at our lowest energies and its fast -
decrease after 900 MeV (fig. 11) suggests therefore the hypothesis that
there is in the 7 -N system a resonance or an important state which is
not so relevant in the w-N system. '

This conclusion is not new, In fact the idea that the behaviour of

- the “ -production near threshold is not due to the second resonance, but
is rather indicative of an S-wave resonance in the < -baryon system has
already been considered by Gyuk and Tuan(26) More recently Hendry and

(+) - Another argument to exclude the second resonance is in the fact _
that (d & /da¥) », 2S well as (d.s‘/d.n_x)“_ are close to isqfc»rppy(la”l‘l)‘
A consistent attempt to reconcile jsotropy with a dominant D1/2,3/2
state has been done by Altarelli et a1(25) when the photoproduction
isotropy was still unknown, by interference with an S wave, It is un
probable that the D-S interference works towards isotropy at the sa
me time in the photon and pion input channels,
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Moorhouse(lg) have examined the situation after the measurements of
Bulos et al, (14) and Pauli et al, (27) on the channels

(10) " +p > % +n
and
(11) at+n —=> 7 +p

They conclude that the sharp linear rise of the cross section as
observed in reaction (10), as well as the isotropic c,m, angular distri-
bution up to 800 MeV K.E,of the pion, strongly suggest that the produc-
* tion occurs predominantly in an S-state,

More precisely, the cross section goes approximately linear
with the % center of mass momentum, according to the formula for S-
-wave production: '

k .
(12) S(r+N—>7 +N)°¢(.—kj—‘)_'T12\2

where we indicate by 1, 2 the two channels m+ N ahd % +N respectively;
ky(ky) is the ¢, m, momentum in channel 1(2); le is the transition ma-
trix element

To fix the character of this S-state interaction (that is to look

for a resonant behaviour) it is important to examine the development
of the cross section values after the rise. Hendry and Moorhouse(19)
find that the decrease at higher energies is rather sharp, and seems
to require a strong energy variation in the T matrix element. A strong '
energy variation has likewise been observed in phase shifts analysis of

m-N scatter1r§% for the S1 1 /9 partial wave at energies near the % thre
shold , the behav1our being strongly suggestwe of an S-wave
resonance in the inelastic channels

On these suggestions, Hendry and Moorhouse(19) Went to a quan—
titative analysis of channels 1 and 2, They used a multichannel effective
range formal1sm(31) and arr1ved to the following conclus1ons

- There is a good correspondenee in energy position between the Sl/g’ 1/2
in elastic pion nucleon collision (identified by the absorption parameter
and its phase shift) and the ¥ production, Notwithstanding, the % pro
duction does not fully account for the value of the absorption parameter:
‘a background from one or more channels seems to be necessary.

- When some space is left to the "background' then all the numerical
computations tend to individuate the S-state in 7 production as an
S1/2,1/2 resonance with the following characteristics: ‘

"

El"
(13) r

1519; 1505 MeV

130; 77 MeV
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E, is the effective mass of the ” -N resonance, while I is its full widthe.
Thefirst values in E,. and " come from using the evaluations of Bransden
et al. (28) and the second values from Auvil et al, (29),

Now we go back to our results for photoproduction, It is interes-
ting to note that the decrease of the photoproduction cross section with
the energy is faster than in the reaction (10), where the %'s come from
pion beams,

This can be seen in fig. 14, where we report both photoproduc-
tion cross section and the cross section of reaction (10),
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FIG. 14 - Comparison between:the cross section of ¥ photoproductlon
and 7% -production by plons(14) The abscissa is linear in the
M c.m. momentum B¥ (upper scale), In the lower scales the
energy (K) of the incidént photon and the kinetic energy (Ty) of
the incident pion in the laboratory system, are reported, The
photoproduction data are to be referred to the left ordinates sca
le and the w-production data to the right ordinates scale, The
photoproduction data are an average of the, present results and
the results of ref, (13). To get the cross section for 7 -product-
ion from our results and from the results on % production by
pions,the measured cross section, referring to the decay mode
Y —> yy, was divided b the branching ratio ( 7 —> )7 —
~—> all modes) = 0,3 To give better statistical significance
to the comparison we report & /4w instead of d&/dN¥ for the da
ta on reaction 7~ + p —> % + n, d6/dQ¥ at our angles has the sa
me behaviour as € /4w, with much larger errors.
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The fast decrease of the photoproduction cross section (fig. 11)
support the resonance hypothesis with even more immediate evidence -
than in reaction (10), considering also that, as we said, we already know
that the “ -photoproduction near threshold is rising at least as fast as
the 79 production by pions, and also has an isotropic angular distribu-
tion, ‘

(13)

It is possible to make in photoproduction an analysis of the ty-
pe that Hendry and Moorhouse made using_the pion channel, for lack of
equivalent information in pion photoproduction, If we try to judge the
width of this resonance from the behaviour of the cross section in fig,
11, we find that the possible width of the Slﬁz 1 9 resonance is around
150 MeV a value in agreement with the extimation of Hendry
and Moorhouse %9

D) - Let's go now to consider the values of (de-/dsu n¥) at energies hi
gher than 940 MeV, We have at disposal the points up to 1030 MeV, ob-
tained in this experiment and in the previous work of our group(z)(32)
As we said, the cross section for ) photoproduction decreases by a fac
tor #v 5-10 with respect to the value at 830 MeV (f1g. 11), and the values
of R increase (fig, 13). :

It is difficult to assume that this ''residual'’ cross section is a tail’
of the 51/2 1/2 resonance, also considering that in reaction (10) the 77
cross section is not isotropic at the hlghest energles that is beyond
~ 800 MeV for the pion kinetic energy.

Again, the world information in photo- and pio-production of the
?) - is not enough to try any wave analysis: but this is the region of the
well known third resonance (1688 MeV, F indicated in the follo—
wing by N¥¥%) and one can compare, as bet/ore f[or the second resonance;
‘the values of (d&6/de*¥)_ _  and (de&/dO0¥) 5 to see if the productlon around
1000 MeV of the incidefit photon could be due to the third resonance.

rFollowing Dashen(20) again, when assuming that the cross sections

are completely dominated by the third resonance, -one finds:
(d&/da¥) G (“7NNHX) - flg,)
(14) 17 - g
(d&/d0¥) o G ? (aNNEEE) f(q )

where G(% NNxxx) and G(wNNX}“‘) are the coupling constants of the % and
the  respectively, with N and N¥¥¥%; f(q) is a kinematical factor.which in-
cludes the effects of phase space and angular momentum barrier, One
can reasonably estimate f(gs )/f(q.,,) 2 1/3, The ratio of the coupling

constants is unknown: if N¥X¥ belongs to an octet representatlon of SU(3)
we have(18)(20)

(15) G(7” NNX""),Q 1

75 (3-4 o«)G(nNN""")

where ol is the ratio of D to F-type couplings,
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Relation (14), when the value 1/3 for f(q )/f(qﬂ) is taken, and |
the ratio of the cross sections is taken from fig.,” 11, at K = 980 MeV,
becomes: :

2 de/da*
Gz(-rr NNEEE) '(dc/d.cf‘)wo

(16)

The equality holds in the hypothesis that all the 7 cross section
‘at 950 - 1000 MeV is due to the N¥¥X resonance,

The ratio (16) corresponds, according to (15),to a value of &%, 58,
" to be compared with the value o= , 66 which is generally accepted(28),
according to SU(6). This cannot be con51dered a significant agreement;

in fact we are in a critical region: the ratio '

Gz( /7 NNKXK)
G2 (m NN¥EX)

becomes , 037 instead of , 15 for & = 2/3,

In conclusion, there is enough 7 production around 1000 MeV to
leave just the possible foreseen space to the third resonance. On the
other side the energy distributions of reactions (1) and (10) as well as the
dependence of R with energy (see for instance R_ (total) in fig, 13) do
not indicate any bump or maximum of the cross sectlon in the region of
the third resonance,

SECTION 5: CONCLUSIONS -

Our results on the photoproduction cross section of the % in the
process v + p —> % + p, which are summarized in fig. 11 and in tables
II, III allow the following conclusions:

- The 7 is produced with high abundance at the lowest energies (830-
900 MeV of the incident v), and its cross section has a fast descent
in the 900-1000 MeV interval,

- The absolute value of the cross section for photoproductlon and even
more clearly the comparison with the photoproduction of the pions,
excludes that around 800 MeV the % can be produced through the % -N
decay of the second w-N. resonance,

- The energy dependence of the cross section from 800 to 1000 MeV of

the incident y, gives instead good support to the hypothesis, already
presented on the basis of the results on reactions w + N => % + N, that
the % is produced near threshold in a S1/2 1/2 i/ —Nucleon resonance,
with E,. % 1520 MeV, and 1"~ 150 MeV, :

- We find a remarkable consistency between the input channels =~ + p and
v + p at the energies considered here, when the T = 1/2 state is extrac
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ted from both channels, In fact the ratios Ry and R, (fig. 13) have the
same energy dependence, and their absolute values are about equal at
each energy, The results agree with the assumption that the reactions
(5b) and (5c) are dominated by a T = 1/2 isotopic spin state,

The photoproduction at 950-1050 MeV could be due (or not) to the third
resonance: in fact the value of the cross-section at those energies does
not disagree with possible SU(3) previsions, It is clear anyway that the
majority of the 77 production which is below 900 MeV of the incident
photon energy does not follow the known wm-N resonances,
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