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(i)
FOREWORD

This report describes projects undertaken with U.S. Army Research
Office support at the University of Melbourne 35 MeV betatron. These projects
are primarily in the field of photonuclear reactions, and use features of the
betatron accelerator which are unique to it. For example, most of the work
described in this report involves the measurement of photoneutron cross sections,
and these measurements depend critically on the precise energy control inherent
in the betatron. Unfortunately this advantage of precise energy control is
offset by the necessity of using the continuous spectrum of bremsstrahlung as
the bombarding radiation. Because of this offset, a previous report described
a very substantial study of the limitations to the precision attainable in
measuring photoneutron cross sections by this method!).

It should be noted that at the present time the betatron is a very
low-powered source of x-rays, and because of this has been dropped as a
research tool by many overseas laboratories. However, there is ample intensity
available for work on photoneutron cross section measurement, and this

constitutes a major reason for the concentration on that particular area of
research.

The initial stages of measurements of the photoproton spectra from the
zirconium isotopes of mass number 90, 91 and 92 are also described. These
again utilised the bremsstrahlung from the 35 MeV betatron, and the protons were
detected in cooled lithium-drifted silicon detectors manufactured in the lab-
oratory. This work led to an investigation of the charge collection in such
detectors, a report of which was published in Nuclear Instruments and Methods.
The final photoproton measurements were made in a collaborative experiment
carried out at the electron linear accelerator of Tohoku University, Sendai,
Japan, with the kind cooperation of Professor K. Shoda.

The stretched x-ray beam (200 usec longg of the betatron enabled the
measurement of de-excitation y-ray spectra from !°F, 3!P and 39K, and a

discussion of the result of these measurements is given.

The final theoretical work on the K-ionization of nickel, silver and
gold by electrons in the energy range 2 to 20 MeV was carried out during the
period of this grant, and a paper describing the work was read at the Fourth

International Conference on Atomic Physics, held at Heidelberg, Germany in
July 1974,

During the grant period the School of Physics, University of Melbourne,
moved from its old building to a new one, and the betatron installation was moved

also. Because of this circumstance, an extension of the grant period was sought,
and was granted by the U.S. Army Research Office.
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REPORT 1

I. PHOTONEUTRON CROSS SECTIONS

I.1 '60(y,n)15 Cross Section

Immediately following the move of the betatron to the new Physics
Building, the 160(y,n)!50 cross section was measured using a Halpern-type
neutron detector, and bremsstrahlung from the betatron as the radiation source.
This reaction was chosen essentially as a calibrating reaction, both for the
energy scale of the betatron itself and also for the neutron detector. This
reaction is very suitable for both calibrations. Firstly, the structure in
the 160 photo-absorption cross section has been measured by many different
methods in many different laboratories, and the energies of its features are
now well known. These energies therefore provide energy calibration points up
to about 24% MeV. Furthermore, since for energies below 25 MeV the great
majority of (y,n) reactions leave the residual !50 nucleus in its ground state,
the measurement of the yield curve for the 180(y,n) reaction exposes the neutron
detector to a wide spectrum of neutron energies (from zero to 8 MeV).

The results of the yield curve measurement and analysis are shown in
Figure I.1.1. The agreement in both energy of structure and shape of the cross
section with previous measurements is very good, and gives confidence in the
betatron energy calibration, and in the energy response of the neutron detection
system.

1.2 Deformation in the 1f7/2-she1L = the l*SSc(y,n) cross section

Using the technique described in I.1 for the measurement of photo-
neutron cross sections, the neutron production cross section for “5Sc was
investigated. The movivation for this study was the observation?) by Malik
and Scholz that a collective framework is required for a consistent description
of the energy level structure and ground state electromagnetic moments of the
early 1f7/2-shell nuclides. The suggestion that these nuclides form a deformed
region of the periodic table is somewhat surprising, particularly for scandium
whose atomic number is only one away from the closed proton shell of the
calcium isotopes.

The target used was a 50 gram rod of natural, mono-isotopic scandium.
In this case, the cross section sum, {o(y,n) + o(y,np) + 20(y,2n)}, was corrected
for the double weighting of the (Yv,2n) process in the neutron detector. The
statistical model, as described in Blatt § Weisskopf3), was used. This model
defines M, the neutron multiplicity, as

M o(y,n) + 20 2n
=
aly,n) + o(y,n

which, for excitation energies above the (y,2n) threshold, reduces to
M=1+ (-0 [1- 0+ %,
where x is the fraction of photoneutron events proceeding by a direct process,

e is the excess nuclear excitation above the (Y,2n) threshold and 6 is the
nuclear temperature of the target nucleus minus one nucleon.
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: The cross section obtained after making this correction for
multiplicity is shown in Figure I.2.1. The most interesting aspect of this
cross section is the large width at half-height, of approximately 8 MeV.
] Since it is known that a large deformation gives rise to a large giant
¥ resonance width"), the cross section was fitted using the sum of two Lorentz

: peaks whose integrated cross sections were in the ratio 1:2 as required by the
: model.

However, later work by Oikawa and Shoda®) indicates that the (v,p)
cross section for “5Sc(measuring protons of energy greater than 3 MeV) is of
about the same shape as the neutron production cross section, but displaced
upward in energy by about 4 MeV. This is attributed to a combination of
isospin and deformation splitting of the giant resonance, and is, in our view
an adequate qualitative explanation. The details of the quantitative
separation of the cross section into T, and T. isospin components, and deform-
ation split components are not nearly so clear.

1.3 The Photoneutron Cross Sections of 9B and !!B

The absolute total photoneutron cross sections for 0B and !1B were
deduced from bremsstrahlung yield curves for the energy range from threshold to
28 MeV., These measurements were undertaken as part of a systematic series of
measurements of photonuclear cross sections of nuclides in the 1p-shell.

For these measurements, the  fargets were 6. 5 gm/cm? of 10B (99% pure)
and 8.8 gm/cm? of 11B (80% 11B, 20% !9B). These targets were pressed from the
respective samples in powder form to obtain self-supporting pellets. No
suitable model is available for correction for the double weighting of the (y,2n)
reaction in nuclides as light as the boron 1sotopes and so figures I.3.1 and
1.3.2. show the (Y,Tn) cross sections for !B and liB where o(y,Tn) = o(y,n) +
a(y,pn) + 20(y,2n).

For these two nuclides, it is possible to make comparison with theor-
etical calculations of the electric dipole states. Shackletons) made shell
model calculations of the non-natural parity states of all the lp-shell nuclei,
and th1s set of states does of course include the dipole states. Spicer and
Fraser’) and Kurdyumov and Smirnov®) used the particle-hole formalism. Because
of the approximations that had to be made in all these calculations, comparisons
between the predicted dipole strengths and those obtained experimentally can
only be expected to be qualitative. The comparison between these calculations
and ?¥periment is shown in figure I1.3.3, for °B, and figures 1.3.4 and 1.3.5.
for *°B.

I.4 The Photoneutron Cross Sections of !2C and 13C

The absolute cross sections for photoneutron production in 12C and 13¢
were deduced from bremsstrahlung yield curves for the energy range between
threshold and 29 MeV. These measurements constitute a further contribution to
the study of photoneutron cross sections for the 1p-shell nuclides.

The targets used for this series of measurements were, for !2C, a
cylinder of natural carbon of mass 269 gm and radius 2.2 cm; for the !3C
measurement an amorphous carbon target of mass 13.5 gm enriched to 89.1% !3C,
and with a 2.08% by weight iron impurity,

L g s cabey s 4 e o o Cadd e Vo it e




i daghe o

m, (A3W) A9¥3IN3 VgTainb14
i 00-92 00-92 Co-v 00-22 00-02 008i 00-¢l 0008 | 002t 00-01 008 o
——— e O e e O e
(uz .wﬁ ! ____..__z_. ?.\cq— 1
LS (udtey | _
a ___._._.f__h._ 3 W
__fe__
— Iy, P
__ ____ n ______ ______ r 3
I !y 5
| I = [ g it 153
g
__ _ f __ £ | am
: | __ _ _ _____ °3
L N
| oz
| | 33
il (
>
: _ SISAIVNY 1d8A (UL R)y8 |3
| y
3




600 700 800 200

CROSS SECTION “(MB)
500

L)

300 400
e

200

a.R.. n) _._.___._.“._

St

il
. _
S __”__ __: e

8" (47n) VBPL ANALYSIS

A i Py

i

:_

Yypn)  (¥,2n)

L

2 rY i ] A § 3 & A e

0 200 1400
Figure 73.2

16:00

1800 _ 2000 2200 2400 2600 2800
ENERGY (MEV)




)

TH (MEV-MB
(3]

OIPOLE STRENG
)

0
8

S
T

T=l Shacklston (Sh71)

e Ll

(o} 10:0 120 " 140 160 180 200 220 240 260 230
ENERGY (MEV)
Figure 73.3




Q
)
gl 2
®

50 60 70

CROSS SECTION (mB)
2'0 30 40

I'O

l il I'I‘IHII

Y-~ A

(b' 'pﬂ)
l

(6’,20)

l.

O;O

\{;MB)

NG TH (NME
(o]

Shackleton (Sh7l)

y/A
1/

=
-
[=3

STR
@

DIPOLE
Iy

' L J.I_LLJL




CROSS SECTION (MB)

=NGTH

-
e

DIPOLE STR

o

- : “ I" I E
q :
| '
'
i | | ll £
nI‘llll lIII :
(B/,n) l :
: 1 "uuml||“lllm" (¥ypn) (¥,20) E
bt L
Spicary Fraser (Sp73) . :
L e - 3 i
. '
|T=l/2 l l : : : ;
r‘J( l L lf ll L Ti li T éll‘:"i'—v—"—
Kurdyumov
I ¥ Smirnov .
(Ku68)
5t -
4

o
C?'
w
oL
e
Q
©
oL
(s}
o
<
oL
~
oL
~N
o
al
o

-

o] g

T v

8" (¥,Tn)

4t

J

ol

F

120 140

igure I.3.5.

" 160 B0 200 20 240 260 280

ENERGY (MEV)




3

The results of the present measurements for !2C are shown in figure
I.4.1., and comparison with the results of previous workers in figure I.4.2.
The chief point of interest here is the appearance of a prominent dip in the
cross section at 22.5 MeV, a feature which is more in agreement with the
results presented by Cook et all®)., The other results presented in figure
1.4.2. are those of Fultz et al 7) and Van de Vyver et a1l 8y,

The result of the measurement of the 13C photoneutron cross section,
which was the main objective of this work, is shown in figure I.4.3., and com-
parison with the results of the only two other exgerlmental results is given in
figure 1.4.4. These are an early result by Coo , and a recent inelastic
electron scattering result of Bergstrom et al20). The most notable feature of
the present result is the resolution into two components of the main giant
resonance peak, a feature which is just beginning to be evident in the electron
scatter1ng result, and is not present in the result of Cook. Further, the

C(y,n) cross section has been measured at nine separate energies, u51ng mono-
chromatic photons from neutron capture processes, by Green and Donahue?l). The
agreement with the present work is fair, although the comparison, presented in
figure 1.4.5., indicates that the experimental resolution of the present meas-
urement leaves something to be desired in the region of 7.8 MeV.

1.5 Re-measurement of the 9Be(y,n) Cross Section

Although the case of 9Be fits very well into our stated program of
measuring the photoneutron cross sections for the 1lp-shell nuclides, the real
motivation for this measurement was prov1ded by the pub11cat1on of the results
of a high resolution measurement of the 9Be(y,n) cross section®). This experi-
mental result showed marked differences from many of the previous measurements,
which were admittedly of coarse resolution. Because of this situation, a
remeasurement was held to be desirable, and careful comparisons were made with
other experiments.

Again, neutron yield curves were obtained as described above, but with
one important modification. Because of the very low threshold for the
9Be(y,n)eBe reaction (1.67 MeV), the number of photoneutrons produced at low
photon energies will be large enough to make it difficult to detect the
increment in total neutron yield due to the stepping of the bremsstrahlung end-
point energy.:' The ultimate result of producing too many photoneutrons at low
photon energies is to decrease markedly the accuracy of the final cross section.
Therefore, the number of low energy photons was diminished (and therefore the
number of photoneutrons produced was diminished) by hardening the bremsstrahlung
beam with 25 cm of carbon. The %Be target was 9.2 gm/cm? of Be-metal.

The results of our measurement are shown in figures I.5.1. and I.5.2.
The cross section, though it shows structure, is relatively unstructured when
compared with that of Thomas et al). Figures I.5.3. and I.5.4. show the
results of the present exper1ment compared with earlier results of Edgel?),
Jakobson!! ), Bertozzi et all?) for the low energy part of the cross section, and
with the results of Nathans and Halpernl3), and of Costa et all*) over the total
energy range. The comparison with the shell model calculations of Shackleton®)
and of Majling et all5) is shown in figure I.5.5.




3

E

NOIL538 ©5090 NOWINANOLOHd @i -Nogavo I-¥Ioid

PoW) ATHENE

__________:___ ___‘_ .H..
(. _
g
Il 2
f 1
o
ux'g). O _

" ~
“(qw) NOIlD3S SSOWD

¥
©




cross secTion (mb)
() (o X N S L

0

Presant work

lﬁl%

o] 1*‘-‘-'—1:(-!1

1
“mﬁon ﬁenézev EM.\?)
RO

. ’
N AREASUR "AA‘ ﬂ;’lb :




(u= 3 <

- - g

bt e B - R -

e

v
<

M
@w) NOWDRS sSOUD

-+
@

-l

lJ




@) , (b : cressgeeTIon (i b)

TS

12 -2
@ — Pregent Measorement (3la CX ,% n)
®--- Cook C" (X, = n)
© Bergstrom et a! Elem«c'dauﬁa}.
1o] o : :_.-"s.. : =
b B 43
: -5
/X ¥
6 i 49
/ ¥,
" - ot
. A
| )
2 - )
< 8 JIQL e SVt % 4

24 2
ENERGY (MeV)

FiGI4:4 COMPARISON OF c® RESONANCE

MEASUREMENTS ok

-




s §o e

Pty et S P S R e

-

5
)
St i
5 |
F o3& P
§ -

1
37 *
v = ;
Ot 3 b
: 277N\ | i : ,/,
¥, /}/f & \\ 5 /""\"",
ol ee—=v I e g 1 I
S 6 7 8

9 o | :
PHOTON ENERGY (MeV)

I Green & Donahue
-~~~ Present Measurement

Fle[4-5 C® (¥n) cRoss SEcTion




2 | 4
e | | ol __ _:: _ “
W - | ____________________ _ _ : |
2l ____ L_ ‘__ |

o — “__ ——

e




00-02

(A3W) AOH3N3
00-G!

YRR St i 0, A L SUCh i W | hicdapeh oo ~gun g

. — . — LL —— — 7 M?l.]m
|+.| *__ﬁ.__ Jx p . ._._._; y- 4

B T s TR
i sl LB |
L. .H__.T. _ = __ lmm
+ __ . :

7 ‘ "siskjpup g9 |+. JM

..*.l ‘sishipud 1dgn -
L “ ‘Jusweinsoaw judsaid Ac i »V mm s

p@@




15

(MB)

1-0

CROSS SECTICN
0% :

1

Be3(J.Tn)

.*d: Prese

~ Jakobson (Ja61)

—: Bertozzi (Be60)

] v

Edge (Ed56)

r

g0

L

o %
Figure I.5.3

-

nt measurement

4

-+

agm

.
it

ENERGY




AT TR A, SN VRERSVI SR TN 1 A e

|

2:0 30 40 50 6-0

CROSS SECTION (MB)

1-0

(=]
o

Figure Z.5.4

:'— |} | S L] L} L) | | L | § ] L LIS { | § 1 § | 9 L § k) | L] [ ] ] 1] E ]
|Present measurement
b { Jakobson (Ja6i) ;
. 4Edge (Ed56) SR -
X Nathans$& Halpern (Na53)
" Jcostaet al (cose) o
: : ’ Q
'Hl'-b ] J 5

. P I
e ll 4» —‘
| )
4 II‘ ““ - Io=

. A

F { ° " -

L1 +l| Na || il

_'I_ + l lm I In' llllﬁw”{l‘i e {ll ful wé
: “ .e-f .Illlll”ﬁl’ ""'
4 .-mn ot '}'lhsl |
Y st
20 40 60 80 100 120 %0 160 480 200 220 20 260 280

~ ENERGY (MEV)




SO .
M S —

J N L SRR T e e )

o
R

CROSS SSCTK)N (MB)
e 3

LLILIA;LII.:

Be (¥, Th) Present measurement.

""'l"Tfﬁ'l]]Tf

'(T Maijling et. al.

]

O
z T
e Shackelton T= /2
@
3 l-l_-lul._l_l_.l_l._n_.l_.lL
x Of
% 1ol
E' " Shackelton T=¥2
7
3
a
jlll_L JlllelJLJll
Y 10

15 20 25
ENERGY (MeV)

Fiqure 1.5.5

TN L P 0 R




R

RS e ety

1.6 The Photoneutron Cross Section for Natural Osmium

The motivation for this study came from a private communication from
Professor W. Greiner and collaborators (University of Frankfurt, W. Germany).
On the basis of a series of studies of nuclear collective potential energy
surfaces, they concluded that the osmium isotopes showed a transition from a
strongly deformed axially symmetric nucleus (}8%0s) to a y-unstable
spherical vibrator (1920s), and they state that such a transition is the only
case known to them. The potential energy surfaces for the osmium isotopes, as
calculated, give a satisfactory fit to the low-lying energy level spectra, and
a fairly good account of the inter- and intra-band y-ray transition probabil-
ities. Their calculations also predicted the shape of the giant dipole
resonance for each of the isotopes.

Because of the extreme expense, and the unavailability for loan, of
the separated osmium isotopes, the only test that could be made of the
calculations of Greiner et al was a measurement of the photoneutron cross
section of natural osmium.

The target for this experiment consisted of 20 gm of natural osmium,
in powder form, enclosed in a plastic cylinder with thin mylar windows., An
inert argon atmosphere was introduced into the cylinder to prevent any oxidation
of the osmium. The naturally occurring osmium isotopes with their abundances
are 18%0s (0.02%), 1%60s (1.59%), 1870s (1.64%), 18%0s (13.3%), 18%s (16.1%),
19005 (26.4%) and 1920s (41.0%). Since the mass-190 and 192 isotopes dominate
the relative abundance picture, it may be expected that these isotopes will
also be dominant factors in any comparison of the shape of the giant dipole
resonance.

The yield curve of photoneutrons from natural osmium was measured,
and analysed to give o(y,Tn) for natural osmium. This cross section is shown
in figure 1.6.1. The most important characteristic of this cross section is
its narrow width of about 5 MeV. This occurs in spite of the expected broad-
ening due to the presence of many isotopes in the target, and due to the
predicted deformation of some of them. A private communication from
Professor Greiner gave as the prediction of the theory, with the contributions
of all the isotopes included and weighted according to their abundances, the
full line shown in figure 1.6.1.

It is unfortunate that the separated osmium isotopes were not avail-
able for hire at the time of these experiments for it would have been very
interesting to trace, through the changing shape of the giant resonances, the
changing potential energy surfaces of these isotopes.

II. (Y,p) AND (e,e'p) STUDIES
I1.1 Photoprotons from %%2r, 91Zr and %2zr

This work began with an attempt to find structure in the spectrum of
photoprotons from °%Zr. Such structure had been quite strongly suggested in a
study of the inverse reaction 8%Y(p,vo)2%Zr carried out by Hasinoff et al22) at
Stanford University. Measurements of the photoproton spectra from both °0zr
and %1Zr targets were made using 30 MeV bremsstrahlung from the Melbourne
betatron, These are shown in figure II.1.1. The identification of the
various peaks in the proton spectrum from 20Zr as either proton groups which
left 8% in its ground state - or excited states - was made at Tohoku Univers-
ity, Japan, in collaboration with Professor K. Shoda. The identification of
the emitting states as T, or T, giant resonance states has also been estab-

lished in the series of measurements of proton spectra from the (e,e'p)
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reaction at various electron energies.

A detailed correspondence of proton groups in the spectra from °0Zr
and %!Zr was established, particularly for the region of proton energies between
9.5 and 12 MeV. In 30Zr, this structure has been shown to represent absorption
strength into T = 6 (T,) electric dipole states.

The weak coupling core-excitation model accounts for the structure in
the photoproton spectra from °!Zr by means of the postulate that the structure
represents T = 13/2 (T,) absorption strength, formed by the coupling of 1-, T=6
0Zr core states to the spectator neutron, which is in a 2dg/, single particle
state. This is consistent with the experimental findings, and also with
current models for the low-lying 90Y states, which are regarded as 89Y-core
states coupled to a 265/2 single neutron.

This model is currently being tested further in the measurement of
proton spectra from the electrodisinegration of 92Zr. Preliminary results
indicate that the core excitation model is not now applicable, possibly due to
the strength of the pairing force between the two last-added neutrons in 22Zr.

III. DE-EXCITATION y-RAY MEASUREMENTS
III.1 De-excitation y-ray spectra in !9F, 31p, and 39K targets

Spectra of y-rays emitted following the photodisintegration of 1°F,
31p and 39K have been measured, in the case of the fluorine target for a number
of bremsstrahlung end-point energies. This latter situation has enabled
estimates to be made of the energy variation of the cross section for emission
of the two most prominent y-rays. These are the y-rays from the transition
from the 1.98 MeV state to ground in 189 (following a (y,p) reaction), and the
transition from the 5.3 MeV doublet (spins 5/2* and 1/2*) to ground in I5N
(following a (y,a) reaction). The cross section for the (y,p1) reaction rose
from threshold (8 MeV) and from 14 MeV to 28 MeV stayed constant (within about
25%). On the other hand, the (v,a; 2) reaction cross section rose relatively
slowly from threshold (4 MeV) to a péak at 15 MeV, then falling off relatively
rapidly to zero at about 20 MeV.

In the cases of 3!P and 39K targets, spectra of de-excitation y-rays
have been measured with bremsstrahlung of end-point energy 30 MeV, and the final
states populated have been noted. In the case of 3!P, it has been shown that
the large (v,a) contribution reported previously by the Toronto group is due to
y-rays following the inelastic scattering of neutrons in the aluminium casing of
the Ge(Li) detector used to measure the y-ray spectra.

For 31P and 39K, a Tamm-Dancoff type shell model calculation, which
has previously had reasonable success in predicting the total giant dipole
resonance absorption strength for several A = 4n-1 nuclides, has been extended
to predict the total and partial photoneutron and photoproton cross sections of
the 39K and 31P nuclei.

An initial simplified calculation to predict cross sections of part-
icular reactions in 3!p, leaving specified residual states in 30P and 30Si was
in good agreement with the population of final states as measured in the
de-excitation y-ray spectrum.

Total photoneutron yield curves for both 1P and 39K have been measured
and are being analysed to give the (y,n) cross sections. Final assessment of
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This model is currently being tested further in the measurement of i
proton spectra from the electrodisinegration of 92Zr. Preliminary results |
indicate that the core excitation model is not now applicable, possibly due to
the strength of the pairing force between the two last-added neutrons in 22Zr,

III. DE-EXCITATION y-RAY MEASUREMENTS
I1I.1 De-excitation y-ray spectra in !°F, 31p, and 3%K targets

Spectra of y-rays emitted following the photodisintegration of !9F,
31p and 39K have been measured, in the case of the fluorine target for a number
of bremsstrahlung end-point energies. This latter situation has enabled
estimates to be made of the energy variation of the cross section for emission
of the two most prominent y-rays. These are the y-rays from the transition
from the 1.98 MeV state to ground in 180 (following a (y,p) reaction), and the
transition from the 5.3 MeV doublet (spins 5/2* and 1/2*) to ground in !5N

(following a (y,a) reaction). The cross section for the (yv,p1) reaction rose
from threshold (8 MeV) and from 14 MeV to 28 MeV stayed constant (within about
25%). On the other hand, the (y,a; 2) reaction cross section rose relatively

slowly from threshold (4 MeV) to a péak at 15 MeV, then falling off relatively
rapidly to zero at about 20 MeV.

In the cases of 31P and 39K targets, spectra of de-excitation y-rays
have been measured with bremsstrahlung of end-point energy 30 MeV, and the final
states populated have been noted. In the case of 3P, it has been shown that
the large (v,a) contribution reported previously by the Toronto group is due to
y-rays following the inelastic scattering of neutrons in the aluminium casing of t
the Ge(Li) detector used to measure the y-ray spectra. ;

For 31P and 39K, a Tamm-Dancoff type shell model calculation, which
has previously had reasonable success in predicting the total giant dipole
resonance absorption strength for several A = 4n-1 nuclides, has been extended
to predict the total and partial photoneutron and photoproton cross sections of
the 39K and 3!P nuclei.

An initial simplified calculation to predict cross sections of part-
icular reactions in 3!p, leaving specified residual states in 30P and 39Si was
in good agreement with the population of final states as measured in the
de-excitation y-ray spectrum.

Total photoneutron yield curves for both 3!P and 39K have been measured
and are being analysed to give the (y,n) cross sections. Final assessment of
the theoretical calculations against all available experimental information is
still awaited.
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IV. K-SHELL IONIZATION BY RELATIVISTIC ELECTRONS

IV.1 K-ionization cross sections in Ni, Ag and Au

The experiment in which the energy variation of the total K-shell
ionization cross section was measured between 3 and 30 MeV was completed in a
previous grant period (1972). Consequently, the work done in the present
grant period has been concerned with the calculation of small corrections to
the experimental results, and to the interpretation of the final results.

Two papers have now been published on this work.
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