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anderes Resultat als bei quantenmechanischer Be-
trachtung, bei welcher wir das effektive Trägheits-
moment durch Mittelung über 1 / q 2 gewinnen muß-
ten. 

Es wäre jedoch verkehrt, in diesem Ergebnis 
einen grundsätzlichen Unterschied zwischen klassi-
scher und quantenmechanischer Betrachtung zu se-
hen. U m das zu erkennen, haben wir nur zu be-
merken, daß das quantenmechanische Vorgehen nicht 
demjenigen in der obigen Versuchsreihe entspricht. 
Quantenmechanisch hatten wir vorausgesetzt, daß 
die Energiestufen der inneren Bewegung große Ab-
stände aufweisen gegenüber der durch die Rotation 
hinzutretenden Störenergie, so daß der innere Zu-
stand durch die Rotation nicht wesentlich gestört 
wird. Eine solche Annahme entspricht auf der klas-
sischen Seite einem Vorgehen, bei welchem der zu-
nächst rotationsfreie Zustand durch eine adiabati-
sche Einwirkung in Drehung versetzt wird. Das 
würde also bedeuten, daß wir ein sehr kleines, kon-

stantes Drehmoment über Zeiten hinweg wirken las-
sen, die groß sind gegen die radiale Schwingungs-
dauer des Systems, und zwar so, daß das Produkt 
M-t immer noch klein bleibt. In diesem Fall lie-
fert die Integration für l / 0 e f f , wie man sich leicht 
— etwa durch partielle Integration — überzeugt, 

nichts anderes als den Zeitmittelwert von 1/f.iQ2 , 
wobei es auch hier genügt, den Zeitmittelwert über 
eine einzige Schwingungsdauer zu erstrecken. 

Man erkennt also, daß bei entsprechender klassi-
scher Behandlung das effektive Trägheitsmoment in 
analoger Weise zu gewinnen ist wie in der Quanten-
mechanik, wobei nur an Stelle des Erwartungswer-
tes der zeitliche Mittelwert zu nehmen ist. Auch in 
diesem Fall wird natürlich 0 e f f stets kleiner als der 
Mittelwert fi Q2. Die Überlegungen unseres Ab-
schnitts 7 über das Verhältnis der beiden Größen 
lassen sich auf klassische Gebilde in ganz analoger 
Weise übertragen. 
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The total cross sections are splitted up according to the different contributing reaction channels. 
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Photodisintegration of 9 Be has during the last 
years been object to detailed research both experi-
m e n t a l l y 1 - 4 as well as theoret ical ly 5 - 8 . In the re-
gion from threshold up to about 6 M e V the experi-
mental (7,n) cross section curve shows three pro-
nounced maxima. The first slightly over the thresh-
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F r o m the position and parity of the energy levels 9 

there is reason to believe that: 

a) the threshold- and the 3 M e V - p e a k is due to 
E l transitions with the neutron emitted as S wave 
and D wave, respectively. 

b) the 4 . 6 M e V - p e a k is probably E l transitions 
with the neutron emitted as a D wave or as a S wave, 
with the residual nucleus left in its first ( 2 + ) excited 
state. The area / oY dE y attributed to the 4 . 6 M e V -
peak is about two times that of the threshold peak. 

c) the 2 . 4 M e V - p e a k can be explained by M l or 

E 2 transitions only. 

In the intermediate energy region the experi-
m e n t s 3 indicate total (^ ,n ) cross sections of the ty-
pical P y g m y resonance structure. Detailed theoreti-
cal analysis of the ( / , n ) cross sections in this ener-
g y region is so far, not reported. 

Most of the low-energy photodisintegration calcu-
lations are based on a spherical shell -model where 
the 8 B e nucleus plays the part of an inert core with-
out internal structure. W i t h i n the f r a m e of this mo-
del there are reported calculations accomplished 
with a potential of the S a x o n - W o o d s type, but tak-
ing account of S wave emission of the neutron 
only 6 . T o get reasonable fitting to the experimental 
cross sections one had to use an unrealistic large 
diffuseness parameter in the final state. This can, 
as shown by BLAIR 7 , to a certain degree be avoided 
by introducing reduced widths of the reaction chan-
nels. A reduction factor for the S wave emission 
of about 0 . 6 0 calculated by BLAIR , combined with 
a not too large diffuseness parameter, gives reason-
able fitting to the threshold cross section peak. 

A more sophisticated model f o r the excitation 
m o d e of the 9 Be nucleus is introduced by K U N Z , 
HENLEY and BLAIR 1 0 , and in a simplified version 
by KOWALSKA 1 1 . In these models the core deforma-
tion or the internal core structure of two a-particles 
is taken into account. T h e essential feature of the 
simplified version, the KOWALSKA model , is the final 
state approximation where the excited nucleon is feel-
ing a spherical field while the residual nucleus can 
be left in a rotational excited state corresponding 
to an intrinsic deformation. 

9 T. LAURITZEN and F. AJZENBERG-SELOVE, Nucl. Phys. 78, 
1 [1966] . 

10 J. S. BLAIR and E. M. HENLEY, Phys. Rev. 112,2029 [1958]. 
- E. M. HENLEY and P. D. KUNZ, Phys. Rev. 118, 248 
[ I960 ] . - P. D. KUNZ, Ann. Phys. New York 11, 275 
[ I960 ] . 

A still more sophisticated model of the 9 B e nu-
cleus is the a-particle model developed by HLURA 
and SHIMODAYA 1 2 , but numerical calculations are 
lacking. 

BOFFI et al. 8 have calculated cross sections with 
initial state wavefunctions of the Bohr , Mottelson, 
Nilsson type assuming strong nuclear deformation. 
The final states were vector products of the single-
particle wavefunctions of the valence neutron in the 
continuum with the wavefunction of a core-state 
possibly with rotational excitation. The continuum 
single-particle wavefunctions were approximated by 
those corresponding to an average spherical field. 

The numerical analysis was limited to a square 
well of c o m m o n range radius r 0 and of well depths 
Vi j i depending on the state quantum numbers . T h e 
numerical values of V^l were fixed fitting the ener-
gies of the peaks of the total cross section o<r cor-
responding to the individual states ( / , j, L). T h e 
energy En of the outgoing neutron was fixed by 
En = Ey-\EB\-Ej01, where Ey is thephotonenergy , 
E-q the neutron binding energy in the ground state 
and Ejot is the possible rotational energy of the core 
in the final state. The calculated cross sections were 
in agreement with experimental data of JAKOBSON 4 . 

In the present work the wavefunctions are taken 
to be totally antisymmetrized shell-model functions 
where the extra valence neutron is isolated with the 
coefficients of fractional parentage technique. This 
expansion of the initial state wave function will in 
addition to a L = 0 state also make possible a L = 2 
state of the core, which is similar to the rotational 
state in the Kowalska model . The final state wave-
function is single-particle wavefunctions of the va-
lence neutron in continuum, vector coupled to core 
states which are assumed to be a mixture of L — 0 
and L = 2 states. The weight factors of these two 
core states are assumed equal to the weightfactors 
(the fractional parentage coefficients) of the cor-
responding initial states. In the final states there are 
also assumed coupling between the angular momenta 
of the outgoing neutron and of the core. 

In the fol lowing paragraph the necessary mathe-
matical formulae are developed and the general 
equation of the ( / , n ) cross section is established. 

11 A. KOWALSKA, Acta Phys. Polon. 21, 583 [1962] . 
12 J. HIURA and I. SHIMODAYA, Progr. Theor. Phys. 30, 585 

[ 1 9 6 3 ] . 
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The cross sections are classified according to the 
quantum numbers (/ , L, J) which are the orbital 
angular momentum of the outgoing neutron, the 
total angular momentum of the residual nucleus and 
the channel spin, respectively. All numerical calcu-
lations are accomplished with Saxon-Woods radial 
wavefunctions in both initial- and final-states 13 . In 
Section 2 the obtatined results which are shown in 
Figs. 2 — 4 are discussed. Section 3 is devoted to a 
short general discussion and conclusions. 

1. General Theory 

In the mass region 4 <_A ^ 16 it is common prac-
tise to assume a ground state configuration which is 
principally ( I s ) 4 ( l p ) with some configuration 
interactions treated as higher order corrections. The 
ground state configuration of 9Be is due to this 
( l s ) 4 ( l p ) 5 , within the first order approximation. 
W e further accept LS coupled functions as basis for 
our wavefunctions. 

In the low-energy region the inner ( I s ) 4 shell can 
without much error, be considered as an inert core 
and be neglected. The construction of a totally anti-
symmetric ground-state wavefunction of 9Be reduces 
then to a construction of the possible antisymmetric 
states of the five l p nucleons. The resulting state-
functions belonging to four different symmetry clas-
ses, can be classified according to their orbital par-
tition quantum numbers and the corresponding 
Young diagrams. 

a) b) c) d) 

[Al] [32] [311] [221] 

Fig. 1. Young diagrams describing possible symmetry classes 
of the ground state 9Be wavefunction. 

The inner ( I s ) 4 shell may be added as an extra 
4 -row on top of the diagrams. Of these four possible 
Young diagrams the one with the highest orbital 
symmetry i. e. a) is the most important, and we 
accept this as the representation to which our ground-
state wavefunction belongs. 

13 T. AURDAL, Thesis, University of Bergen 1968, unpublish-
ed. - T. AURDAL, Z. Naturforsch. 24 a, 461 [1969]. 

The ground-state wavefunction of 9Be is there-
fore described by the following quantum numbers, 
all having their usual significance. 

, i / [ ( l s ) 4 ( l p ) 5 [ / . ] = [ 4 4 1 ] , 

S=i, T=h 1 = 1, /*=!-]. (i) 

The inner ( I s ) 4 shell is here referred to only for 
completeness. 

In the following we shall develop the mathemati-
cal formulae in order to calculate electric dipole 
0 ' ,n) cross sections on 9Be. W e assume as nuclear 
model a core consisting of two a-like particles and 
an outer valence nucleon, and further that E l tran-
sitions of the valence nucleon represent the only 
contributions to the cross section in the low-energy 
region. 

Using the method of fractional parentage coeffi-
cients, it is possible to decouple the statefunction 
(1) and isolate one nucleon in a way that it may be 
considered as a valence nucleon. However, this de-
coupling is in general not straightforward, and in 
the case of 9Be there is more than one resulting 
state-function of an allowed symmetry. 

Generally the partition quantum number charac-
terizes the irreducible representation of the group 
Sn, where n is the total number of nucleons involv-
ed. Such a partition is conveniently described by a 
Young diagram. A n irreducible representation [ / ] 
of S„ is in general reducible with respect to the sub-
group S f l - ! . The number and type [ / ' ] of represen-
tations of S „ _ i into which the representation [ / ] 
reduces, is determined by the number and type of 
allowed Young diagrams obtained from that of [ / ] 
by removing one square. The representations of S„_ i 
are in turn themselves in general reducible with re-
spect to the subgroup Sn_ 9 and so on, until one ar-
rives at the one-dimensional representation [ 1 ] of 

. A function is then characterized by the string of 
representations Sn DS n -1 

D S W _ 2 D . . . D 5 2 D S 1 t o 

which it belongs. 
Such a characterization of the function spreading 

out the representation [ / ] of S„ may be convenient-
ly described by a Yamanouchi symbol 

(r) = (r„ r„_ 1 . . . rx = 1) 

which in an unique way describes the string of re-
presentations Sn Z) • • • 3 S1 • 

The different ways of decoupling one nucleon will 
then be characterized by different strings of repre-
sentations D . . . D 5 ! , or equivalently by differ-
ent Yamanouchi symbols. 
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The accepted ground-state wavefunction of 9Be ! f ( p 5 [ 4 1 ] T S L MT Ms ML \ 5 4 3 2 1) 
belongs to the irreducible representation [ 4 1 ] . The l Xu 

wavefunction may, by a method outlined by J A H N 1 4 , = yn 2 ^ ( P ' 5 [ 4 1 ] L Mh \ r5 r4 r3 r2 rx) ( 2 ) 
be written as a product of purely orbital functions x W 1 

and purely spin-charge functions allowing the frac- - ^ ( / ' 5 [ 4 1 ] T S MT M$ \ r5 . . . r^ . 

tional parentage coefficients of the different parts The summation extends over all the nx possible 

to be calculated independently. The spin-charge Yamanouchi symbols associated with the partition 

functions belong to the adjoint representation [ / ] [ 4 1 ] . 
of the same dimension nA , as the representation [ / ] After expanding the orbital- and spin-charge wave-
of the orbital functions. The wavefunction of 9B is functions using their corresponding fractional par-
written as: entage coefficients, Eq. (2 ) may be written: 

< F ( P 5 [ 4 1 ] TSLJMTMSMLMJ I 5 4 3 2 1) 

1 ? 
„ 2 2 { ( p 5 [ 4 1 ] L | p 4 [ r ] L , } ( r 5 [ 4 1 ] r S | / [ A / ] r 5 ' ) (LMLSMS\LSJMJ) ( 3 ) 
Vnx (r) = 1 L'ST 

magn 
X <Z> (P4 [ ; / ] L' (r 4 . . . r t ) , p 5 , L ML) T ( 7 4 [A'] T' S' (r4 . . . R,), y5, T S MT MS) } . 

The values of [ / ' ] and [ / . ' ] occurring vary with ( r ) , . W e have also coupled the orbital- and spin-angular 
momentum to a total angular momentum / . 

Eq. (3 ) may also be written: 

, i / ( p 5 [ 4 1 ] T S LJ MTMSML MJ I 5 4 3 2 1) 

= J 2 2 { ( p 5 [ 4 1 ] L\ p 4 [ / 3 / ] Z / ) ( y 5 [ 4 1 ] T S \ 74[ /~'] T' S') (L ML S MJ\L S J MS) . . . 
Vnx [x'] vs'T ( 4 ) 

magn 

x l % 4 [ T ] L' (r4 . . . rT), p 5 , L ML) T (74 [ / ] T' S' (r4 . . . RT), y 5 , T S MT MS)} 
(r')= 1 

where the summation over [ / ] corresponds to those diagrams for 4 particles, which may be obtained from 
the Young diagram [ 4 1 ] for 5 particles by removing one square in an allowed manner. The summation 
over ( / ) covers all the allowed Yamanouchi symbols of [ / ' ' ] . 

The orbital part and the spin-charge part of the wave-function can independently be separated into pro-
ducts of core- and valence nucleon-wavefunctions by ordinary vector-coupling coefficients. 

W e write: 

0(P«[/'] L \ r , . . . r 1 ) , V 5 , L M L ) 

= 2{(L'ML'LML\L'LLML) • $ c ( p * [ T ] Z / ( r 4 . . . r T ) , ML') • < f , , ( p 5 [ l ] , l m l ) } ( 5 ) 
magn 

and r(y4[I']T'S,(^...R1),y5,TSMTMS)= 2 {(T' UT' H MZ \ T'\ T MT) ( 6 ) 
magn 

X ( S ' MS' H MS\S' H S MS) • A (y* [A ' ] T' MT' g MS) • I\.». (y5 U ) ' ^V.N. ( f t * » » . ) } • 

Substituting Eqs. (5) and ( 6 ) in Eq. ( 4 ) , inserting also the right quantum numbers, it may be written: 

f ( p 5 [ 4 1 ] 2 i 1 f MT MS Mi My | 5 4 3 2 1) 

= w 1 - 2 2 { ( p 5 [ 4 1 ] 11 p 4 [ ^ ' ] L') (y 5 [ 4 1 ] \ £ J 7 4 [ i " ' ] T' S') (1 ML 11 ^ f MJ) 
V nX [/'] L'S'T' 

X (V ML'I mil L'11 ML) (T" MT' * MT \ T' H MT) ( S ' MS' * MS \ S' H MS) 

X 2 < M p V]L'(ri...r1)ML')-RC(y*[I']T'MT'S'MS') (7> 
( r ' ) - l 

•^v.n.CPsUJ 1 ™i) -rv.n.(y5 i mr) -rv.n.(ys I ms)} . 
14 H. A. JAHN and H. VAN WIERINGEN, Proc. Roy. Soc. London A 209, 502 [1951]. 
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F r o m the partition [ 4 1 ] the s u m m a t i o n in E q . ( 3 ) 

extends over the f o l l o w i n g posible Y a m a n o u c h i sym-

bols 

a) 

( 2 1 1 1 1 ) = 
1 2 3 4 

c) 

( 1 1 2 1 1 ) 
1 2 4 5 

3 

b ) 

( 1 2 1 1 1 ) = 

d) 

( 1 1 1 2 1) = 

1 2 3 5 

14 

1 3 4 5 

These are in the same order , be longing to the fol-

lowing strings of representations. 

a) [ 4 1 ] , [ 4 ] , [ 3 ] , [ 2 ] , [ 1 ] 

b ) [ 4 1 ] , [ 3 1 ] , [ 3 ] , [ 2 ] , [ 1 ] ( 8 b ) 

c) [ 4 1 ] , [ 3 1 ] , [ 2 1 ] , [ 2 ] , [ 1 ] 

d) [ 4 1 ] , [ 3 1 ] , [ 2 1 ] , [ 1 1 ] , [ 1 ] 

W h e n decoupl ing one nucleon f r o m the [ 4 1 ] repre-

sentation we easily ver i fy that the representation 

string a) conserves a core-structure of two a-par-

ticles [the ( I s ) 4 shell i n c l u d e d ] , whi le b ) , c) and d ) 

correspond to a break up of this a-structure. Since 

in our 9 B e m o d e l we want to retain a core-structure 

of two a-particles, we disregard the states corre-

sponding to the representations b ) , c ) and d ) . T h i s 

will fix the d i a g r a m s [A ' ] and [ / ' ] and the sum-

mation over ( t ) in E q . ( 7 ) reduces to one term. 

W i t h this choice of representation of the state-

functions the spin-charge fractional parentage co-

efficients as well as the spin-charge Clebsch-Gordan 

coefficients are trivial and m a y b e omitted. 

T h e ground-state 9 B e wavefunct ion m a y be written : 

'PI*. ( 9 B e ) = i 2 ( p 5 [ 4 1 ] 1 | p 4 [ 4 ] L') • ( 1 ML * MS | H f MJ) ( L ' ML' 1 m , | L' 1 1 ML) 
v ( 9 ) 

maffn v ' 

X < 2 V ( p 4 [ 4 ] £ ' ( 1 1 1 1 ) ML') • < P c i ( y 4 [ l l l l ] 0 0 0 0 ) - < H . n . ( p 5 1 l .n. ( f t * m . ) ' ^ l . n . ( f t * m,)} . 

T h e s u m m a t i o n over L' extends over the values L' = 0 and L' = 2 . T h e c o r r e s p o n d i n g f . p . c . are tabulated 1 4 . 

In order to construct a reasonable final state wavefunct ion , we assume that after e m i s s i o n of the valence 

nucleon the core can be left in an excited state. W e therefore construct our final state wavefunct ion as vec-

tor products of the cont inuum states of the valence nucleon with the core states which is assumed to be a 

mixture of L" = 0 and L" = 2 states. T h e two core states are given the s a m e weightfactors as the corre-

s p o n d i n g initial states. 

i P f ( 9 B e ) = I{<xl-(L" ML" lr m{ \L" t L M L) ( L $ L \ ms' | L \ J MJ) 

(10) 

X ¥ 7 ( [ 4 ] Z / ' M L " ) - 2 V ( [ 4 ] 7 = 0 , 5 = 0 ) m { ) - T % . n . ( 1 m , ' ) • ̂ . n . ( U ) } • 

L" 
mapi 

T h e spin- and diarge-CIebsch-Gordan coefficients are trivial and therefore omitted. 

T h e total orbital angular m o m e n t u m and the total spin are coupled to g ive a total angular m o m e n t u m or 

channel spin, of the system in the final state. 

T h e electric dipole cross sections are given by the equation 

o ( E l ) =K 
k=1 

( I D 

where the quantity K depends on the reduced nucleon mass , the density of final states a n d the wave n u m -

ber of the outgoing nucleon 1 3 . 

Inserting the expressions ( 9 ) and ( 1 0 ) for the initial and final states, respectively, E q . ( 1 1 ) m a y be 

written 

o ( E l ) =K I QJL'L" ( V'J([4] L" ML") • s y ( [ 4 ] T = 0 , 5 = 0 ) • n . ( / ' m{) • , ( i m t ) - n . n . ( i m,') \ 
V'L'Jr 

magn 

X 2 e k r k Fi1 (#A-, <Pk) | - ^ ( p 4 ^ ] I ' ( 1 1 1 1 ) A f L ' ) - 4 > e V [ l l l l ] 0 0 0 0 ) ( 1 2 ) 
k=l 

^ l . n . (HMT) • ( I m , ) ' <PLVM. ( I MS) ) 
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-here 

rL'L" : i a z , " ( p 5 [ 4 1 ] 1 | p 4 [ 4 ] L') {L" Ml" I' m{ | L" I' L M'L) 

X (L ML £ m / | L i / MJ) • (1 ML £ MS 1 1 £ ! MJ) • (Z / M L ' 1 m, | Z / 1 1 M L ) . 

The electric dipole operator is depending on the nucleon-charge coordinates only through the effective 
charge. Disregarding the C o u l o m b barrier E q . ( 1 2 ) may be attributed to the photo-proton as well as to 
the photo-neutron cross sections. W e m a y specify Eq . ( 1 2 ) to the neutron case by setting mx = -r-Ä-, but 
the spin-charge functions of the core as well as of t h e valence neutron will give by summing over the pos-
sible states, Kronecker-deltas and can therefore be omitted. W e write: 

o ( E l ) =K I &JL'L" ( 2 V ( [ 4 ] L"ML") • n.n. (I'm/) 
L'L"J 
magn 

X tekrkY^{ftk,cpk) | 0c1 (p 4 [4] L'Mh')-$\.n. (1/n,)) 
Ä = 1 

( 1 3 ) 

Using standard Racah algebra Eq . ( 1 3 ) can be easily 
reduced and the different contributions to the total 
cross sections classified according to the channel 
spin. Contraction of E q . ( 1 3 ) results in equations 
of the type. 

OJ ( E l ) = K 2 { (A„ a , 4 + BTL A* a 2 2 + C„ a 2 4 ) • I * } 
0,2 

( 1 4 ) 

where J the channel spin, can have the values 
J = f , f . T h e quantities Äß , Bß and CM (ju = 0 , 2 ) 
are constants, not necessarily all nonzero for all pos-
sible / values. T h e factors 04 and a 2 are the frac-
tional parentage coefficients for L' = 0 and L' = 2 , 
respectively. Considering them as parameters gives 
us the posibility to attribute to the different reaction 
channels varying widths. 

The radial integrals for the different I values of 
the outgoing nucleon are defined by 

00 
h= J' Ridr) -Rit=Ar) T 3 D R , ^ = 0 , 2 ( 1 5 ) 

0 

where / ? / ( r ) , the radial functions, are generated in 

a S a x o n - W o o d s potential. 

2. Results 

It is attempted in the present work to account for 
the data of JAKOBSON 4 in the energy range f r o m 
threshold to 5 M e V , and the data of N A T H A N S and 
HALPERN 3 and COSTA et al. 3 in the region f r o m 
5 M e V to about 1 7 M e V . T h e low energy N A T H A N S 
/ H A L P E R N data are inconsistent with the recent data 
of JAKOBSON , hence the two data sets are matched 
at 5 M e V where they are in agreement. 

During the calculations the initial state potential 
is characterized by the parameters: 

a c o m m o n radius parameter r 0 = 1 . 3 5 f m in all 
states independent of their quantum numbers , 
a diffusenes parameter 0 . 6 f m a ^ 0 . 7 f m 
depending on the state quantum numbers and 
a potential depth F = 3 5 - 4 0 M e V fixed by the 
binding energy of the valence neutron. 
Reflecting the fact that the 8 B e nucleus is a weak-

ly bound structure, the final state parameters are 
given the fol lowing values. In the low energy region 
the radius paremeter is kept constant whilst the dif-
fuseness parameter a0 is enlarged 0 . 2 0 f m relative 
to the initial state. In the energy regions where the 

2 + core state is important, the radius parameter is 
increased 0 . 1 f m whilst a0 is made only slightly de-
pendent on the state quantum numbers. T h e poten-
tial depth is varied with the quantum numbers of 
the states, corresponding to their different energies. 
In addition the potential depth in the neutron D sta-
tes is increased relative to a neighbouring neutron S 
state simulating the effect of a spin-orbit term. 

A s a test of the correctness of the parameters, 
phase shifts of elastic neutron scattering on 8 Be are 
calculated, Fig. 4 . These are compared with phase 
shifts calculated by C O R M A N et a l . 1 5 f r o m the same 
potential and with parameter values given in order 
to fit experimental polarization data of the photo-
neutrons f r o m 9 Be. The present calculations are in 
encouraging agreement with CORMAN'S results. 

The different states as well as their contributions 
to the total cross section, are classified according to 
the quantum numbers ( / , L, J) which are the orbital 

15 E. G. CORMAN, R. W. JEWELL, W. JOHN, J. E. SHERWOOD, 
and D. WHITE, Phys. Letters 10, 116 [1964] . 
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angular momentum of the valence neutron, the or-
bital angular momentum of the core and the channel 
spin, respectively. The results of the calculations 
which are shown in Fig. 2 and 3, can be summed up 
as follows. 

The 1.7 MeV resonance: This resonance close to 
the threshold energy of the ( / , n ) reaction, can be 
fully explained as E l transitions between the states. 

(1 = 1, L = 0, / « = i - ) - ( Z = 0 , L = 0 , = (1 ) 

The neutron is emitted as a S wave in agreement 
with the reported isotropic angular neutron distri-
bution in this energy region. The maximum of the 
peak is corresponding to a broad J* = h + level at 
1 . 6 7 M e V . 

The 2.4 MeV resonance: A maximum in the (y,n) 
cross section at this energy is not found, in agree-
ment with the assumption that this is due to E2 or 
M l transitions to a negative parity, spin f level at 
2 . 4 3 M e V . 

The 2.95 MeV resonance: The peak in the cross 
sections with maximum at this energy can be ex-
plained as E l transitions between the states. 

( Z = L , L = 0 , / " = i - ) - ^ ( Z = 2 , L = 0 , / * = R ) . ( 2 ) 

The resulting state found to be an almost pure f + 

state, is in good agreement with the reported f + level 
at 3 . 0 3 M e V . 

The broad minimum beyond the 2 . 9 5 M e V reso-
nance may be explained by E l transitions between 
the states 

( Z = l , L = 0 , / - = f - ) ^ ( Z = 2 , L = 0 , / » = i + ) . ( 3 ) 

This is either due to transitions to a yet unresolved 
level at about 4 M e V like that found in 9B at 4 . 0 5 
M e V , or transitions to the very broad ( f f + ) level 
at 4 . 7 M e V . 

The 4.6 MeV resonance: The neutron angular dis-
tribution corresponding to the maximum in the total 
cross section at 4 . 6 M e V is reported to be domina-
telv isotropic. This excitation maximum should 
therefore be attributed to S wave emission of the 
valence neutron. 

Our ground state 9Be wavefunction consists of 
two terms. One where the valence neutron state is 
coupled to the Z/7 = 0 + state of the 8Be core, and one 
where it is coupled to the Z/7 = 2 + core state. Both 
terms are describing the same nuclear system with 
the same total energy, the nucleons are only re-
arranged. The excitation energy of the 2 + core state 
is 2 . 9 0 M e V , and to a good approximation, the va-

lence neutron coupled to this state is tighter bound 
by the same amount of energy. The binding energy 
of the valence neutron' in the state ( Z = l , L = 2 , 
Jn = f is therefore assumed to be 

EB= ( 1 . 6 6 5 + 2 . 9 0 ) M e V = 4 . 5 6 5 M e V . 

The 4 . 6 M e V resonance can in this way be ex-
plained as E l transitions between the states 

( Z = l , L = 2 , / 7 = f - ) - > ( Z = 0 , L = 2 , / * = f + ) . 

and (4 ) 

(Z = 1, L = 2 , / - = £ - ) - * ( * = 0 , 1 = 2, ]" = i + ) . 

with the f + state giving a slightly greater contribu-
tion to the S wave neutron cross section than the | + 

state. A s seen from Fig. 2 the 4 . 6 M e V resonance 
is not pure S wave cross sections but is mixed with 
D wave emission from other (f + > t + ) states. The 
maximum of the resonance is corresponding to the 
very broad ( f + , £ + ) level at 4 . 7 M e V . 

5 6 
Ej(MeV) 

Fig. 2. Upper part: Calculated electric-dipole cross sections 
for the 9Be(} ' ,n)8Be reaction. Solid line represents total photo-
neutron cross sections. Dashed lines represent contributions 
from different reaction channels: S-wave neutron 
cross sections. D-wave neutron cross sections. The 
numeration of the dashed curves corresponds to bracketed 
numbers written in the text besides the indicated transitions. 

Lower part: Energy levels reproduced from Ref. 9. 

The Pygmy resonance: This very broad resonance 
can as seen from Fig. 3, be considered as consist-
ing of two parts. A low energy part consisting of E l 
transitions between the states 

( Z = 1, L = 0 , 7 t = D -

and 

( Z = 1, L = 0 , / T = f " ) -

(1 = 2, L o, 

( 5 ) 

(1 = 2,L = 0, = 
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Fig. 3. Calculated electric-dipole cross sections for the 
9Be(y,n)8Be reaction. The symbols are the same as in 

Fig. 2. 

and a high energy part due to E l transitions be-
tween the following states 

(1=1, L = 2, J31 = § " " ) - > ( / = 2, L = 2, 7« = f + ) . 

and ( 6 ) 

(Z = 2 , L = 2 , J» = l + ) . (1=1, L = 2, /* = !")• 

The channels with the higher spin are giving slight-
ly higher contributions to the cross sections. 

The maximum of the low energy part is seen from 
Fig. 3 to correspond with a broad level at 7 . 9 4 M e V 
of unknown spin. The high energy part can be attri-
buted to a group of broad levels of unknown spin 
at 1 1 . 3 0 M e V , 1 1 . 8 2 M e V and possibly also 1 3 . 7 2 
M e V and 1 4 . 3 9 M e V . The present calculations in-
dicate that at least some of these are Jn = $ + and 

= levels. 

1.0 2.0 2.5 3.0 
(Ey- Eg) MeV 

Fig. 4. S- and D-wave phase shifts calculated for neutrons 
scattered on 8Be using Saxon-Woods wavefunctions. 

3. Conclusion 

A s seen from Figs. 2 and 3 there is an over-all 
agreement between the calculated total cross section 
and the experimental data in the low as well as in 
the intermediate energy region. This is an indication 
on the applicability of our model to the photodis-
integration of 9Be in this energy range. The cross 
sections are, however, very sensitive to a variation 
of the parameter sets, and the accepted parameter 
values are therefore not to be considered as definite. 

The calculations are revealing the importance of 
the excited 2 + core state. Shifting the parameters 04 
and a 2 in Eq. ( 1 4 ) to the simple model limit (04 = 1, 
a 2 = 0 ) the cross sections are changed in the follow-
ing way: 

The 1 .7 M e V and the 2 . 9 5 M e V resonances arc 
blowing up as their channel widths are increasing. 

The 4 . 6 M e V resonance as well as the high energy 
part of the Pygmy resonance vanish, as these con-
tributions to the total cross sections are intimately 
connected with the excited 2 + core state. 

In addition to the considered E l transitions there 
are, especially in the Pygmy resonance region, pos-
sibly M l and E 2 transitions to negative parity states 
like that at 6 . 6 6 M e V and may be others at higher 
energies. From the order of magnitude of such con-
tributions relative to E l transitions, these would 
cause only small corrections to the total cross sec-
tion. Such transitions are possibly responsible for 
the small increase in the total cross section reported 
by Costa et al. at 1 3 . 5 M e V . 

However, without more knowledge of the spin as-
signments of the different levels, it is not from the 
present model possible to give any further specifica-
tions of the cross sections. 
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