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The total gamma absorption cross section has been measured for Be® from 20.04 to 21.24 MeV, O from
20.37 to 22.04 MeV, F¥ from 19.97 to 20.46 MeV, and Al*" from 20.37 to 20.88 MeV using monochromatic
gamma rays from the T3(p,y)He* reaction. The Be® nuclear cross section showed structure at 20.4740.04
MeV and 20.73-£0.04 MeV with integrated cross sections of 0.45 and 0.90 MeV-mb, respectively. The Q16
nuclear cross section contained a broad peak at 21.024-0.04 MeV with an integrated cross section of 10.4
MeV-mb. There is some indication that this peak is composed of two narrower peaks at about 20.86 and
21.05 MeV. There is also some indication of structure at 20.62 MeV. Above about 21.6 MeV, the O* cross
section is rising sharply, consistent with the giant resonance peak above 22 MeV. The F¥ cross section has
a peak at 20.09-0.05 MeV with an integrated cross section of 3.5 MeV-mb. The Al?" cross section showed

no structure in the energy region investigated.

INTRODUCTION

ECENT experiments! of the photonuclear reac-
tion in light nuclei in the giant resonance region
indicate more complexity than previously thought.
Since most of these experiments have measured partial
cross sections, it seems of basic theoretical interest to
also examine the total photonuclear absorption cross
section. Monochromatic detectors in conjunction with
bremsstrahlung radiation have been used for this pur-
pose,? but with poor energy resolution. The Compton
magnetic spectrometer employed by Miklavzic et al.,?
for example, has an energy resolution of about 240 keV.
Positron annihilation radiation has also been used, but
this method also has a limited energy resolution.?

The present experiment makes use of photons from
the T3(p,y)He* reaction and is an extension of the
earlier work of Wolff and Stephens* and Carroll and
Stephens.® The advantages of this reaction are that it
provides a monochromatic beam of photons with very
good energy resolution (about 40 keV in this experi-
ment) and the absolute energy of the photons is known
to high accuracy. Although this reaction is a low inten-
sity source of photons, it has been found practical to use
it to carry out total absorption measurements, at least
over a limited energy range.

THE EXPERIMENT

The total absorption of gamma rays by Be?, 016, F19,
and Al* was measured using monochromatic gamma
rays from the T%(p,y)He* reaction. Proton beam cur-
rents of up to about 30 wA were obtained from the

* Supported by the National Science Foundation.
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balf-energy section of the University of Pennsylvania
Tandem Accelerator. The proton beam was analyzed
by a 90° bending magnet whose field strength was
measured with a proton magnetic resonance probe.
The magnet was calibrated by observing several
(p,n) thresholds. The thresholds used were T?(p,n)He?
at 1.0197 MeV,® Li"(p,n)Be’ at 1.8805 MeV’ and
CB(p,n)N3 at 3.2373 MeV.8

The arrangement of the counters and absorbers is
shown schematically in Fig. 1. The counters, consisting
of four NaI(Tl) crystals® each 3 in. in diameter by 4 in.
in length, were placed symmetrically about a tritium-
zirconium target and at 96° to the direction of the pro-
ton beam. Each crystal together with a Dumont-6363
photomultiplier tube was sealed in a low-mass light-
tight unit (type 12S of the Harshaw integral line).
Absorbers were suspended by thin wires between the
target and two of the crystals. The other two crystals
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Fic. 1. Arrangement of
counters and absorbers rela-
tive to target. (a) Section
through beam line. (b) Sec-
tion perpendicular to beam
line through target.

B129


20.47rt0.04

B130 G.

CRYSTAL CRYSTAL CRYSTAL CRYSTAL
PRE AMP. PRE AMP PRE AMP PRE AMP
A

l | DiscrijiNaTOR
A { B | C | D

RIDL

|
l l MODEL 30-17|
MIXER |
4 CHANNEL COINGIDENGE
AND LOGIG CIRCUITS
A[B[c[D
w
a9 |8
ROUTING PULSE |2 |2 |45
=D
Q. (L] o
u Z ww
TO INTERNAL o |5 55
AMPLIFIER z 13
RIDL MODEL 38 - 12

— 400 CHANNEL
PULSE HEIGHT ANALYZER

F16. 2. Block diagram of electronic circuits.

served as monitors. For the beryllium and water ab-
sorbers, the front face of each crystal was 25% in. from
the target while, for the Teflon and aluminum absorbers,
the distance was reduced to 20 in. A tapered aluminum
disk, 1 cm thick, was placed on the front face of each
crystal in order to reduce the correction for spurious
counts caused by electrons originating in the back end
of the absorbers.

A block diagram of the electronics is shown in Fig. 2.
Output pulses from the preamplifiers were fed simul-
taneously into a mixing circuit and into the RIDL
Model 30-17 four-channel coincidence and logic cir-
cuits. Pulses from the mixing circuit were fed into
an RIDL Model 38-12 400-channel analyzer which
was subdivided into four quadrants of 100 channels
each. Pulses from a given detector were stored in
a given quadrant. The four-channel coincidence
and logic circuits provided the necessary routing
pulses to the 400-channel analyzer. Typical response
curves obtained with one of the NalI(TIl) crystals
for 20-MeV gamma rays are shown in Fig. 3.
The solid curve was obtained in the absence of
neutrons from the T3(p,n)He® reaction while the
broken-line curve illustrates the effect of neutrons from
this reaction. The shift in the intercepts is real (the dif-
ference in energy of the gamma rays is about 90 keV
which corresponds to about % of a channel) and is
attributed to a change in the gain of the photomultiplier
tube in the presence of the intense neutron-induced
background of low-energy gamma rays. The change in
the peak-to-valley ratio results from pileup and the
tail of the 7-MeV capture gamma-ray spectrum from
the 1'27(n,v)1'28 reaction.

The tritium targets were purchased from the Oak
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Ridge National Laboratory and consisted of tritium
gas adsorbed in zirconium metal which had been evapo-
rated onto a thin (10-mil) platinum backing. The energy
of the gamma rays from the T3(p,y)He* reaction is ob-
tained from the conservation laws and is given by

E7=[Q+Ep<1—%-:)]<1—Q+E”D_ (M”/M“)J>

2M o2
Mo/ 2E, \'2
Xlil—i-—*( > cos@], 1)
M\ M2

where E, and M, are the kinetic energy and mass of
the proton, M, is the mass of the He? nucleus, © is the
angle between the emitted photon and the proton beam,
and Q is the reaction energy, equal to 19.812 MeV.1?
The energy resolution of the gamma rays is determined
primarily by the target thickness and the Doppler
width due to the finite angle subtended at the target
by the NaI(Tl) crystals. The target thickness is deter- -
mined experimentally by observing the shape of the
T(p,n) yield curve near threshold.!* The Doppler width
is obtained by differentiation of Eq. (1) with respect
to ©. The final energy resolution for this experiment is
about 40-45 keV.

The aluminum and Teflon absorbers were in the form
of machined, truncated cones, 12 and 10 in. long, re-
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F16. 3. A response curve of one of the Nal scintillation crystals
for 20-MeV gamma rays. The solid-line curve was obtained in the
absence of neutrons from the T3(p,n) reaction in the target. The
broken-line curve illustrates the effect of neutrons from this
reaction.
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Washington, D. C., 1961), Part I.
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Taschek, Phys. Rev. 79, 929 (1950).
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TaBLE I. Summary of percent corrections applied.
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TasLE II. Total corrections applied.

Comp-
ton Compton Pair Air Plexi-
Photon pho- elec- elec- absorp- glas
energy tons trons trons Pileup tion holder
Absorber  (MeV) (%) (%) (%) (%) (%) (%)
Al 20.41 2.81 0.05 0.006 see 0.06 .
20.80 296 0.06 0.01 0.6 0.06 [
Teflon 20.02 1.53 0.008 0.003 s 0.05 v
20.50 1.59 0.01 0.005 0.004 0.05 ..
20.80 1.65 0.02 0.01 0.004 0.05 ..
Beryllium 20.04 4.50 0.17 0.007 s 0.12 ..
0.53 4.76  0.27 0.02 —0.11 0.12 ..
21.02 5.20 0.37 0.03 —0.26 0.12 ..
Water 20.50 2.18 0.29 0.15 —-0.07 0.12 —0.71
21.03 2.35 0.42 0.26 —0.31 0.12 —0.70
21.52 2.38 0.52 0.35 —0.35 0.12 —0.72
22.00 2.48 0.65 0.45 —0.37 0.12 —0.79

spectively. The O'¢ absorber consisted of distilled water
in a plexiglass holder. The holder was in the shape of a
truncated cone 24 in. in length. The beryllium absorber
was built up using 2-in. cubes (loaned through the
courtesy of Dr. Ringo and Argonne National Labora-
tory) and was 24 in. in length.

The experimental data consisted of sets of response
curves, one for each crystal. The number of counts in
each crystal was determined by integration of these
curves between two fixed points corresponding to 15
MeV and the energy of the gamma ray. As the energy
of the gamma rays was obtained by linear extrapolation
of the photopeak into background (see Fig. 3), each

experimental run provided a new independent calibra--

tion of the electronics. The choice of 15 MeV as a lower
bias was made in order to reduce the effect of pileup.

For a gamma-ray intensity N, the number of counts
in the monitor crystals is ¢, No+814 Pi1. €1 is an average
efficiency function for the two monitor crystals, 8; is
the cosmic-ray background, and P; includes spurious
counts due to pileup. The number of counts in the ab-
sorber crystals is exVoe~#E+ N'+By+ Py, where p is the
attenuation coefficient, L the length of the absorber,
and N’ the scattered-in counts due to the “bad geome-
try” of the experiment (discussed below). After sub-
traction of cosmic-ray background and a suitable pileup
correction, the attenuation ratio is

R=exNo/(e:Noe#24+N') )
or
RONO €1
R=——y Ry=--. 3)
Noe L4 (N'/€s) €

The “zero” ratio R, is determined experimentally by
comparing the counting rate in the four crystals with the
absorbers removed. The value for e; was obtained by
an absorption measurement described previously.!?

CORRECTIONS

In addition to corrections for cosmic-ray background,
pileup, and the “bad geometry’ of the experiment, the
data for each element was corrected for air absorption.

( 12 VS;' Del Bianco and W. E. Stephens, Phys. Rev. 126, 709
1962).

Total correction
to the total

Total correction to
Photon the attenua-

energy  tion ratio cross section
Absorber (MeV) (%) uL (%)
Aluminum 20.41 2.93 1.814 1.62
20.80 3.69 1.819 2.03
Teflon 20.02 1.59 0.9517 1.67
20.50 1.70 0.9369 1.81
20.80 1.77 0.9400 1.88
Beryllium 20.04 4.80 1.404 3.42
20.53 5.06 1.397 3.62
21.02 5.46 1.421 3.84
Water® 20.50 2.67 1.125 1.66
21.03 2.84 1.137 1.80
21.52 3.02 1.112 2.00
22.00 3.33 1.145 2.12

= The total correction to the attenuation ratio does not include the
correction for the Plexiglas holder. The Plexiglas holder correction is included
in the total correction to the cross section.

The oxygen data was corrected for absorption by the
plexiglas holder. When calculating cross sections for
beryllium, a correction was made for the presence of
impurities, since the beryllium blocks consisted of
98.29, Be, 1.79, BeO, and 0.19, Fe.

The scattered-in counts N’ come from three sources:
(1) Compton-scattered photons; (2) Compton electrons;
and, (3) positrons and electrons due to pair production.
N’ can be written in the form

N’ziy\/ro(A C7+Ace+A pe) ) (4)

where 4.y, 4., and A4,, are constants calculated for
each of the three sources of N'.

From Egs. (3) and (4), the expression for ¢ #F is
obtained as

e b= (Ro/R) — (A oyt A et A )/ €2 (5)

The corrections discussed above are tabulated for

Tagpe III. Atomic cross sections.

Photon Pair pro-
energy Compton duction Triplet Total
Absorber (MeV) (mb) (mb) (mb) (mb)
Aluminum 2041 387.0 545.1 30.7 962.8
20.81 381.3 550.3 31.1 962.7
Carbon 20.02 181.3 116.4 13.9 311.6
20.81 175.9 118.7 144 309.0
Fluorine 20.02 272.0 260.3 20.9 553.2
20.81 263.9 265.5 21.6 551.0
Teflon 20.02 725.3 637.0 55.7 1418.0
(CFy) 20.81 703.7 649.7 57.6 1411.0
Beryllium 19.99 121.0 52.0 9.3 182.3
21.02 116.4 53.4 9.7 179.5
Beryllium 19.99 125.5 54.9 9.6 190.0
(98.2% Be, 21.02 120.7 56.4 10.0 187.1
1.7% BeO,
0.19, Fe
Hydrogen 20.50 29.7 3.2 2.4 35.3
22.00 28.1 34 2.5 34.0
Oxygen 20.50 237.3 208.6 18.9 464.8
22.00 224.7 216.0 20.0 460.7
Water 20.50 296.7 215.0 23.7 535.4
22.00 280.9 222.8 25.0 528.7
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several values of photon energy as percent corrections to
the attenuation ratio e~#% in Table I. The total correc-
tions applied to the attenuation ratio and the resulting
total cross section are summarized for several photon
energies in Table II.

ATOMIC CROSS SECTIONS

The desired nuclear absorption is obtained from the
total measured absorption cross section by subtracting
the theoretical atomic cross sections (Compton effect
and pair production). The Compton scattering cross
section was calculated using the Klein-Nishina formula
for free electrons.!® The cross section for pair produc-

13H. A. Bethe and J. Ashkin in Experimental Nuclear Physics,
edited by E. Segre (John Wiley & Sons, Inc., New York, 1953),
Vol. 1, Part I, p. 322.

tion in the field of the nucleus was calculated from the
Bethe-Heitler expression'* which was obtained using
the Born approximation and neglecting screening. A
screening correction was deduced from calculations
using the Hartree-Fock form factors as given by Nelms
and Oppenheim.!® A small Coulomb correction to the
Born approximation (less than 0.29) was applied to the
pair production cross section.!® The cross section for
pair production in the field of an electron was calculated
using the integrated cross sections of Borsellino.!” The

14 H, Bethe and W. Heitler, Proc. Roy. Soc. (London) Al46,
83 (1934). :

15 A. T. Nelms and I. Oppenheim, J. Res. Natl. Bur. Std. 55,
53 (1955).

16 Dr. H. W. Koch, National Bureau of Standards (private
communication).

17 A, Borsellino, Nuovo, Cimento 4, 112 (1947); Helv. Phys.
Acta 20, 136 (1947).
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total atomic cross sections which are the sum of the
above contributions are shown on Figs. 4-7 and are
tabulated in Table III.

The major uncertainty in the atomic cross sections
arises in the calculation of the triplet cross section for
pair production in the field of the atomic electrons. The
Borsellino value used here does not include screening
but is considered to be the most accurate value for light
nuclei in this energy region!®1® and is assumed to be re-
liable to about 109%,. This causes an uncertainty in the
calculated atomic cross sections of 1 mb for Be, 2.4 mb
for water, 5.6 mb for Teflon, and 3 mb for Al

RESULTS

The photonuclear absorption determined by sub-
tracting the calculated atomic cross section from the cor-

IN Be?,
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TasBLE IV. Structure observed in the nuclear
absorption cross section curves.

Epeak Opeak Half-width f x;es.k adE
Element (MeV) (mb) (MeV)  (MeV-mb)

Be? 20.47 6.8 0.13 0.45

20.73 10.1 0.15 0.9
(02 20.62 21.5 0.19 3.9

20.86
21.02{21.05} 235  ~040 104
>22

19 20.09 21.9 0.16 3.5

rected measured total absorption is given in Figs. 8-11.
For fluorine, it was necessary also to subtract out the
nuclear absorption due to the presence of carbon in the
Teflon. The carbon nuclear absorption wasobtained from

I I I I 1 I I 1 I T
A A A
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2.66 —1490 __
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absorption cross section scale in & 60 S
millibarns is given also. The solid & 2.60[— —{ 1450 @
line is the calculated atomic cross o 5 ggl —1a40 &
section. The trapezoids illustrate 2 °* S
the calculated resolution function. S 2.56 — — 1430 -
2 54 —1420 3
<™ Atomic Cross Section -5 —{1410
2,52 — 1400
2.501— —]
| | l | | | | | | |
9.8 199 200 20.1 20.2 20.3 204 205 206 20.7
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| | I | I | I | I T
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6.50— —lo40
T (pun) — 1030
F1c. 7. Attenuation ratio for 640[— Threshold
gamma rays in aluminum as a 6.30(— / -jl020
function of photon energy. The i * o0 2
total absorption cross section scale .2 6.20[— + | } { { E
in millibarns is given also. The 2 o 1 | * | i ‘} —1000 <
solid line is the calculated atomic ¢ ! + * 2
cross section. The trapezoids illus- 2 goo}— i + —19%0 3
trate the calculated resolution E | _J 980
function. @ 5.90— { o
= o
< s.80— %7 s
—960 B
5.701— 2
Atomic Cross Section —/ =
5.60— —1950
] | | ] | | | ] | |
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Photon Energy (MeV)

18 Ch. J. Frei. H. H. Staub, and H. Winkler, Helv. Phys. Acta 31, 491 (1958).



B134 G. TESSLER AND W. E. STEPHENS
rvrvr 177V 7V 101717 17 17T 17T 17T 1T 1T 17T 1T T T T1TTT
— + This Experiment -
A Miklavzic et al.
f— (Y,n) Nathans and Halpern -
— (7,p) Haslam et al. ﬂ
R Synthesis = (¥,n) + (7,p) |
—~ 12— —
o
E o ]
5 A * * 1 Fie. 8. Nuclear absorption cross
5 8 A 4 A - section in Be? as a function of photon
b g 4 f A { +—{ A /~Synthesis__ energy. The results of this experiment
2 N R *Al | A _/-—{-—/‘L_ are plotted as dots. Other results are
S 4r _ﬁ#{f 1 v.m > ] shown for comparison.
2 R —————
[ (%p)
o %P
IR AN N [N O Y N A N A )
200 20.2 204 20.6 20.8 210 21,2 214 216 21.8
Photon Energy (MeV)
| N U U R U T U O O R D N A
— f This Experiment : -
50— ¢ Carroll and Stephens
& Burgov et al. I
45—  ———=—Wyckoff and Koch + —
40— X Bezic et al. A A A
0 (y,n) Geller and Muirhead + ]
~ ()’,po ) Cohen et al. o
E 30— |
s 1 X ¥16. 9. Nuclear absorption cross
s 25 -+- — section in O as a function of
e T 0 ks, el L ox Lt photon energy. The results of this
w 201 + — experiment are plotted as dots.
2 s _+ Other results are shown for
S B J’/ AT ] comparison.
10~ 1 X
s| &1 .. -
— 7 -4.._ =
[N NS N S N N A N [ NN A O A O |
204 206 20.8 210 212 214 21.6 2.8 220 22,2 224
Photon Energy (MeV)
the unpublished measurements of Shin and Stephens on BERYLLIUM

C'%(y,p) and of Geller and Muirhead on C2(y,n). The
flags in the figures represent the relative uncertainty be-
tween the points. This uncertainty is mainly due to the
statistical uncertainty of the attenuation ratios but is
somewhat enlarged by possible errors in the analysis of
the response curves. Absolute values are futher in error
by the uncertainty in the calculated atomic cross sec-
tions, in the zero ratio, in the various corrections, and
error in density, length and impurities. These absolute
errors are estimated to be approximately 1.5 mb for
Be, 4 mb for O, 5 mb for F, and 5 mb for Al

The structure, which appears in these data, is sum-
marized in Table IV. While it is not always clear that
these are resolved resonances, they are treated as such
in this table.

In Fig. 8 is shown the nuclear absorption in Be® as
measured in this experiment. For comparison the points
reported by Miklavzic et al.!? are plotted on the same
graph. They use bremsstrahlung from a 30-MeV
betatron and a Compton magnetic spectrometer with
an energy resolution of 1.2%. These results are consist-
ent with the present data although the apparent agree-
ment with the peak at 20.47 MeV must be fortuitous
since the resolution claimed by Miklavzic was only
0.24 MeV.

The (v,7) cross section measurements of Nathans and
Halpern®® are shown in Fig. 8 as a dashed line. This is

19 U. Miklavzic, N. Bezic, D. Jamnik, G. Kernel, Z. Milavc, and

J. Snajder, Nucl. Phys. 31, 570 (1962).
2 R. Nathans and J. Halpern, Phys. Rev. 92, 940 (1953).
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added to the (y,p) taken from Haslam ef al.2! to give OXYGEN

the synthesized curve also shown in Fig. 8. Not included
in this sum are a possible additional few percent of
cross section due to (y,d) and (v,t).22 No serious dis-
agreement exists in view of the lack of resolution of the
(v,n) and (v,p) measurements. Breaks in the Be?(y,p)Li®
beta activity yield curve reported by Stewart?: at 20.27
and 20.94 MeV do not correspond very well to the struc-
ture observed here.

21 R. N. H. Haslam, L. Katz, and E. H. Crosby, Can. J. Phys.
31, 210 (1953).

22 B. Cujec, Nucl. Phys. 37, 396 (1962).

23 M. G. Stewart, Ames Laboratory Research and Development
Report IS-191, 1959 (unpublished).

In Fig. 9 is shown the results of nuclear absorption
measurements in oxygen. The solid points with flags are
the presently reported data. For comparison, the meas-
urements of Burgov ef al.?* are shown as triangular
points and of Bezic e/ al.?® as crosses. Also indicated is
the curve of Wyckoff and Koch?® whose resolution was
about 0.5 MeV. The upper curve attempts to represent
the trend of our points. In order to allow a comparison

24 N. A. Burgov, G. V. Danilyan, B. S. Dolbilkin, L. E. Lazareva,
and F. A. Nikolaev, Zh. Eksperim. i Teor. Fiz. 43, 70 (1962)
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published).
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with the partial cross sections, the data of Geller and
Muirhead?” for (y,n) are drawn together with the
(v,p0) of Cohen et al.?® supported by the (p,yo)
of Tanner ef al.® The sum of the (y»n) and (y,po)
cross sections subtracted from the total absorption
cross section would give the expected (y,p*) with
better accuracy and resolution than that estimated
by Fuller and Hayward.?* Our results suggest a
relatively large amount of (v,p*) in the energy region
20.5-21.2 MeV and an apparent minimum in the region
21.2 to 21.8 MeV with an increase again at higher en-
ergies. Selection rules, the group of 2.3-MeV protons ob-
served in the photoproton energy distribution,?® and
the large amount of 6.3 gamma rays observed?! suggest
the favored state for (y,p*) to be the §~ state at 6.328
MeV in N, This large ratio of transitions to the §—
state relative to the 3~ ground state in N5 seems reason-
able in view of the large amount of P;/; hole in theo-
retically calculated 1~ states in this energy region of
018,32 However, these results place greater emphasis on
the Pjs/ hole at 21 MeV than at 22 MeV while the
theoretical calculations reverse this.

The possible peaks at 20.6 and 21 MeV reflect both
the (y,po) state at 20.65 MeV2329:33 and the (y,n)
states at 20.8 and 21.05 MeV.?":34

FLUORINE

A comparison of the fluorine photoabsorption data is
shown in Fig. 10. The present experiment gives results
shown by the dots. The data of Bezic et al.25 are shown
as circles. Measurements of the (y,n) cross sections are
shown in curves a, b, and ¢ in Fig. 10. Curve a gives the
results of Del Bianco and Stephens!? also done with
monochromatic gamma rays. The other experiments®®
used betatron bremsstrahlung and did not have resolu-
tion sufficient to detect variations such as are suggested
by the present results.

The present data suggest a peak at 20.09 MeV with
characteristics listed in Table IV.
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ALUMINUM

The present results for aluminum are shown in Fig.
11 and compared with other data. The agreement with
the total absorption measurements of Kockum and
Starfelt,®® Wyckoff and Koch3 and Carroll and
Stephens® is good. Although the present results have
better resolution, no structure is clearly indicated, ex-
cept for the possibility of a dip at 20.5 MeV.

The (v,7) results of Montalbetti et al.?® and the (v,p)
yield of Halpern and Mann?® are shown in Fig. 11 and
added to give a synthesized curve in good agreement
with the total absorption.

More recent work on the cross sections shows gross
structure with rather wide peaks, but with some dis-
crepancies in position and magnitude. Bolen and
Whitehead indicate a dip in (y,%) at 20.5 MeV but
Mutsuro et al.*! report a peak in (y,%) at 20.5 MeV and
Dular et al.*? show a peak value of 78 mb in total ab-
sorption at 20.4 MeV. These differences may be due to
different energy calibration as well as differences in
resolution.

CONCLUSION

These results are of value in establishing the total ab-
sorption cross sections with an improved accuracy, bet-
ter resolution and more reliable energy scale than pre-
vious measurements. The lack of detailed structure in
many cases seems real and not the result of insufficient
resolution. The agreement in many cases between total
andsum of partial crosssectionsisencouraging. An exten-
sion of these results to a greater range of photon energy
would be desirable and may be possible but tedious.

In oxygen the (v,po) and (y,n) cross sections have
been examined with sufficient resolution to allow a de-
duction of the (v,p*) cross section in appreciable de-
tail. The large amount of (v,p*) suggested at 21 MeV
implies an excess of transition to the 5= state of N
compared to the 4~ ground state. While this is in
qualitative agreement with the large amount of 1P—5
hole predicted in the wave functions®? of levels in this
energy region it seems to give greater emphasis to the
1P—% hole at 21 MeV than at 22 MeV which reverses
the theoretical anticipation.
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