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1 - INTRODUCTION -

- Deuteron photodisintegration has been extensively investigated in the
past y(ea)trs a complete reference index can be found in the report by M, E
Toms(1

a) - Theory -

The photodisintegration problem looks -at first quite similar to the u
sual photoeleciric effect in atoms,. There a knowledge of the static (Coulomb)
potential between bound.charges allows a very accurate computation of the
- cross section. Corrections arising from the interaction of the incoming v ray
with extra-charges brought in by vacuum polarization do not change in a re-
levant way the results concerning the photoelectric effect,

In the case of photodisintegration, however, the presence of charged
field particles in the two nucleon interaction leaves serious doubts on a des-
cription of the process based on the use of a nucleon-nucleon potential, In fact
the charge in the deuteron is not strongly localized on the proton but can tra-
vel from one nucleon to the other for a substantial fraction of the time in the
form of charged exchange meson currents,



It is expected on qualitative grounds that because of the pion mass, the
charge can be considered as localized on the average on the nucleons when
the frequency k of the incoming vy ray is such that k <« m, (h=c= 1). That is
when k is well below the w meson threshold,

Low energy theoretical results (< 10 MeV) are in good agreement with
the static potential picture, A very refined calculation of this kind has been re
cently performed by Partovl(z) using the well known multipole series techni-
que, The number of involved multipoles is quite high in order to give results
accurate to k £ 100 MeV (in the frame of the static potential picture),

- Ewven a careful analysis like Partovi's one (or the recent work by Le
Bellac, Renard, Tran Thanh Van including relativistic corrections(3)) is not
able to reproduce the high energy data, A peak appears (see fig, 1) in the to

tal cross section at k = 250 MeV and
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FIG, 1 - Total cross section for
‘deuteron photodisintegration as a fun
ction of laboratory photon energy,

The interpretation of the angular distribution data appears a bit more
complicate: the role of interference terms between e, m, and mesonic contri-
butions is not clear, The same applies to the recent asymmetry data from po |
larized y rays (Liu(7), this experiment), o =

Concerning the asymmetry par‘amet’_er S (k, 0) defined by"

1 de6 (P,kj0) - d6L (P,k,0)
(1) | k, 0) == 3 ‘
2k 0 "% 46 (P.k0)F do, (P.k 0)
where- |
P = polarlzatlon of the (linearly polarlzed) N rays
0 = c.m, proton angle ' o




3.

dé, ¢,y = differential photodisintegration cross section for productlon
plane parallel (orthogonal) to the polarization vector,

one can definitely say that the results of calculations including only e, m,
contributions markedly disagree with the experimental results at energles

Z. 80 MeV,

120, e o We will present in 8 3 and fig. 10

LT RNl a curve for the asymmetry function =
~computed in the spirit of the Wilson
model: this interpolation seems to in~.
dicate that a simple phenomenological
description giving a dominant role to
mesonic contributions should be poSs_i
ble,

b) - Experiments -

Total Cross Section p-barns
N
Q

20057 N Results on the photodisintegra-

; tion cross section have been published

30 4050 70 100 200 300 500 by many authors: note in particular in
the Toms recollection{l) the work by

Wi 2(%) 6p line is according tothe - Keck and Tollestrup extendmg tok =
Wilson model, The curve marked (x)
= 450 MeVX

"Schiff'' shows the result of a calcu- -
lation wich neglects spec1f1c meson Besides the already mentioned .
,effects(14) ‘ peak at k = 250 MeV, the cross sec-

: tion shows a peculiar 2 + 3 sin? @ be-
haviour as a function of the ¢, m. proton angle at the resonance, This can be
attributed to magnetic dipole absorption as expected if the N¥ contributes,

20

We are mainly concerned with measurements of the asymmetry para
meter ¥ (k 0) in the energy range in which meson currents play the rele-
vant role; previous measurements of = have been published by Liul7) for the
0 values 450 90°, 1359 and k < 230 MeV, that is just below the resonant

peak,

2 - THE EXPERIMENTAL APPARATUS -

A polarized y ray beam is one of the facilities of the Frascati electron
synchrotron (Barbiellini et al, (8)), This beam is obtained by the crystal tech
v nique whereas the beam used by Liu is obtained by the angular sampling. tech
nique (Mozley et al (9) ) In both cases the head of the v ray spectrum is at h1
gher energies than those of the polarized y rays so that a selection of the phg

(x) - Recent data by a group at Bonn (1965 Hamburg_ Conference) disagree with
all previous results, As far as we know this discrepancy is not yet un-
derstood, ‘ :
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todisintegration among 7 photoproduction processes. (f.p. v.) is desirable
when f,p.w. comes into play, This fact limits the maximum energy at which
Liu can work with single particle detection (because of Linac's duty cycle
difficulty). Here at Frascati the y beam pulse length is ~ 2 msec allowing
for neutron-proton coincidences so that the energy range can be extended
to about 400 + 450 MeV as can be deduced from the beam polarization da-
ta (see f1g 3).

, - The contamination to be

expected in the p-n coincidences

s0 | | due to f,p.w. has been estimated -

’ ' by using the total f,p.m. cross sec
tion (White et al, (10)) and a phase
space distribution of the reaction
‘products, This contamination is
completely ne gllglble

Px

40

30+

‘ Figs. 4,5, 6 show the re-
20 - - levant kinematics of the photodi-
' ' sintegration and f, p. m, processes.

10 | : Fig, 7 shows the experi-
mental apparatus used in this expe
‘ _ riment: it consists of a proton ran
0 605 070 015 020 025 030 035 046 U0A5 050 05 x-% ge telescope SlséS.C)SS (S are SCi_I}
tillation counters, (S,.C.) a multi-

FIG. 3a) plate spark chamber) and a neutron
‘counter S4S5 on the other side.
s; PRI% : | Detalled characterlstlcs a-
re as follows: \
© ‘ . . :
S;is a 16 x 16 x 1 cm3 plastic,
‘” 160 cm far from the target;
20 ' AS ‘is a wedge shaped aluminium
o ' absorber, 9,9 gr/cm? thick at
' center;
; 8, is a 20 x 20 x 1,25 cm? plastic;
° 42 a4 s 8 7 89 W X S.C. is a 29 x 29 cm? front area
spark chamber, (31 plates,
" FIG, 3b) ‘ :

1 mm Al each);

'S3 isa29x29x1 cm® plastlc (in
antlc oincidence);

ASz is a 3 cm thick lead absorber to eliminate soft charged particles;

S4 isa 25 x25x1, cm3 plastic, 50 cm far for from the target (in antlcomc;
dence);

S5 is a liquid (NE 213) cylindrical neutron counter, .25 cm deep, 20 cm base
diameter, :

FIG. 3 - a), b), Beampolarizationdata*

In fig. 8 the blok scheme of electronics is glven The spark chamber
is triggered by (S + So + S3 +8g) - (Sy + Sq + 83 + q5 + 34)
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FIG. 4 - The kinematics for photodisintegration of the deuteron (£, d)
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FIG. 5 - Laboratory phofo'n energy for photodisintegration as a function
of proton laboratory angle at various proton kinetic energy.
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- The expected proton energy resolution of the spark chamber is
+ 0,5 MeV per gap for incoming protons in the energy range 100 + 200 MeV,
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FIG, 8 - Electronics blok scheme

The solid angles and the neutron counter efficiency have not been accurately
estimated since ratios of cross sections are not affected by them (the proton
telescope is about 10 msterad wide and the neutron counter efficiency is 10 +
+ 15%: this helps in estlmatlng the counting rate),

Eventually, the target is a liquid deuterium cilinder 15 cm long, 3 cm
base dlameter : .

Due to the near proportionality of the vy ray energy to the proton kine-
tic energy, the crystal bremsstrahlung peak can be reproduced in the spark
chamber S,C, as a peak in a curve counts versus range,

This allows a good energy calibration by comparison of the proton spec
trum shape to the one obtained by a pair spectrometer, thanks to the sharpness "
of the peak on the high energy side, As shown in fig, 9a), 9b) the photon ener
gy resolution can be estimated by thls method to be + 15 MeV,



*{q) wnayoads pajosdxa oy} YiTm uostareduwrod £q usaAId ST UOTIN[OSaY JSQUIBYD saeds ayi ur wnajoads .
a8uea uojoad oy} £q usss se yead jusI9Y0D B PUNOIE PUOUWIBRIP Y} WOIF wnayoads mzsﬁmbmmﬁmhm (a@2(e -6 "OI4

S2E e _sa , 052 s22 o s2e 00€ Y 082 522 .
AN »m..ucu..b. ‘ AW Eoﬁ.h : . -
{005 {00l
10001 002
{003 100€
<4 88 3
WIIWEIHL - (g TINIWINIAXI (e ,
— 0008 sjun  Aseajiqae oos




3 - RESULTS -

By using the experimental apparatus described above, 3 points have
‘been measured giving the asymmetry function ¥ (0,k) at 6 = 90° (c.m, pro-
ton angle) and k = 260, 285, 308 MeV (laboratory vy ray energy).

The polarization P of the v rays has been computed according to Bar
biellini et al, (8); error estimates on P have not been included,

The statistical error on 2 has been computed by

$¥ _ \l'l - (P3)2

b P n

where n is the total number of counts, The results are shown in fig,. 10,

(2)

In the same fig. 10 a quantity, we call fﬂ(k, 0) is also plotted as a

g =90°

c.m.
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FIG. 10 - Experimental results for the asymmetry function = at 90° in the
c.m, system, Symbols are as follows: hollow triangle, solid cir
cle - Liu(7); hollow'circle—present experiment; Curve a. is accor
ding to Breit et'al(15); Curve b is = as defined in eq._ (3). -
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function of the y ray energy, for 0 = 90°, z o is defined as follows

: dé’ .+ (k,0)
o 1.850(k, 0+2.4 555 mAWE"AKg)
(3) 2 (0 = | e, (k, 0)
1.8+ 2,4
dﬁ'“o (k,Q)
where
dé6 "+( )(k 0) - de (O)(k, e)
(4) £“+(0) = 1" 2 I .
de +(O)(k 0) +de>"Tr (0)(k, Q)

are the asymmetry functions of the w photoproduction process on protons
from linearly polarized photon(11 12,13) and d6; +(o)(k 0) are the w photo
production differential cross sections on protons from unpolarized photons,

0 is the C, M, S. angle between proton and_inéident ¥y momen
tum. The v ray energy in the laboratory system k corresponds to the same
photon energy in the y-nucleon C, M, S, and y-deuteron C.M.,S,

The.coefficients 1, 8 and 2.4 in eq. (3), according to the Wil
son model, take into account the contribution of all the w photoproduction pro
cesses on nucleon to the deuteron photodisintegration cross section.

Since the total photodisintegration cross section is well fit-
ted by a suitable combination of photoproduction data, it seems likely that the
asymmetry functions are related in a similar way. Thereis no precise theo-
retical basis in performing this interpolation: however, the curve shown in
fig, 10 calculated according to the Wllson mlxture shows a remarkable quali-
tative agreement,
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