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ABSTRACT
A model is developed which allows one to calculate analytically
the angular momentum removed, and the angular momentum misalignment
created by the evaporation of light particles from an excited
nucleus. The mass, temperature, and angular momentum of the emitting

nucleus are explicitly considered. The formalism applies equally well

to heavy ion and compound nuclear reactions.

*This work was supported by the U. S. Department of Energy under
Contract W-7405-ENG-48,
**This manuscript was printed from originals provided by the author.






INTRODUCTION

When heavy ions undergo a deep inelastic collision, they form a
short-lived intermediate complex or dinuclear systemel During the
?ifetime of this complex, angular momentum may be transferred from
orbital mét%cn into intrinsic rotation of the two fragments. The
fragment spin generated in this way is essentially perpendicular to
the reaction plane. Further, additional angular momentum can be
generated in the two nuclei by the éxcitation of angular

momentum-bearing modes of the intermediate Qcmp1ex62

In particular,
angular momentum can be developed with nonvanishing components in the
reaction plane leading to so-called misalignment. The magnitude of
transferred angular momentum can be inferred, for instance, from gamma

multiplicity measurement593

while angular momentum misalignment can
be determined by measuring the angular distribution of particles or
photons emitted by either or both of the fragments after the
co??%sieneq The angular distribution of sequential fission
fragments also provides information from which angular momentum
misalignment may be deduced@@“7
Collisions which are more head-on than those leading to deep
inelastic reactions may result in the formation of a compound
nucleus. Here too, orbital angular momentum is transferred into
intrinsic spin. If the compound nucleus undergoes fission it assumes
a shape reminiscent of that of the intermediate complex formed during
a deep inelastic collision. During the fission phase angular momentum

misalignment may be developed in fragments observed after the

collision, just as in deep inelastic processes.



The ions which emerge from the heavy jon collision are excited and
evaporate ejectiles, particularly neutrons. These ejectiles may
remove substantial amounts of angular momentum from the ejector, be it
a compound nucleus or an excited deep inelastic or fission fragment,
and one must apply a particle evaporation correction in order to infer
the initial fragment spin magnitude and alignment from measurements
like gamma mu1ﬁ%p1%cities and particle and/or photon angular
distributions. Values for the first and second moments of the
angular momentum removed by the evaporation of light particles from
excited nuclei can be obtained from complicated particle evaporation
codes. Unfortunately, the use of such codes is cumbersome and, more
importantly, one tends to lose the feeling of the essential physics
underlying the removal of angular momentum by the ejectiles. We
endeavor to present simple models for light particle evaporation in
order to obtain an accurate and simple description of the physics
involved in the evaporation process. Our models, essentially based

upon an earlier work by Mcrettogg

provide “pocket sized" formulae
which show explicitely how the mass, température9 and angular momentum
of the ejector affect the value of the angular momentum removed by an
ejectile.

Particle evaporation likewise causes misalignment of the angular
momentum of the emitter; particie and photon angular distributions can
not be properly used to obtain angular momentum misalignment without a

particle evaporation correction. Our model calculates the dispersion

of the emitter's angular momentum, both in the reaction plane and



perpendicular to the reaction plane, arising from particle emission.
For compound nuclei which do not fission we calculate dispersions
parallel and perpendicular to the beam axis.

The model is applicable to ejectiles of any mass provided that the
angular momentum removed by the ejectiles is not a large fraction of

the angular momentum originally possessed by the emitting nucleus.



FIRST MOMENT OF ANGULAR MOMENTUM REMOVED BY EJECTILES

We assume that the evaporation process is controlled by a critical
shapeg (emitter/ejectile complex) consisting of the residual nucleus
and emitted particle in contact with each other. The coordinate
system we use s shown in Fig. 1. Its origin is at the center of mass
of the’emittevieject%§e complex. I is the angular momentum of the
complex before ejectiles are evaporated. The reaction plane is
defined by the beam axis and the point at which one of the exit
channel fragments is detected. The K axis (symmetry axis) is drawn
through the centers of the emitting nucleus and the evaporated
particle. The S axis is the axis along which the orbital angular

~momentum of the complex is directed. It is perpendicular to the K
axis and is in the plane of the figure. The Y axis is perpendicular
to both the S and K axes and points out of the figure. e is the
colatitude from which the ejectile is emitted.

We have specified three types of excited nuclei which evaporate
Tight particles: Exit channel fragments from deep inelastic
collisions, fission fragments from decaying compound nuclei, and
compound nuclei which do not decay via fission. The average angular
momentum carried away by any given evaporated ejectile depends,
however, only on the mass, temperature and spin of the emitting

nucleus; in no other way does the emitting nucleus remember the
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process thf@ughvwhich it was created. We will consider exit channel
fragments from deep inelastic collisions and fission fragments from
decaying compound nuclei. These two typés of excited fragments
initially have their angular momentum predominantly aligned
perpendicular to the reaction plane.

The angular momentum of the emitter/ejectile complex may be written:
I1=1cose K+ 1sine8 |
where R and S are the unit vectors along the K and S axes respectively.

With the origin at the center of mass of the emitter/ejectile

complex, the moment of inertia tensor is written:

K S Y
K |d3 o 0
£ =5 |0 RS 0
v lo o awR?

where J is the moment of inertia of the emitting nucleus. Since
@geggzs

we obtain:

T cose K . I sine
u= J 2
J + uR




The orbital angular momentum associated with the emitter/ejectile
complex is directed along the S axis. This is because both ejectile
and emitter have their radius vector along the K axis and their center
of mass momentum vector along the Y axis. Applying

L= X B
where L is the orbital angular momentum, r is the radius vector, and
Eém is the momentum of the center of mass, to both ejectile and
emitter we find:

2

q 2
L, = DR STﬂgggyngquaF)sg (1)
J + R J+ R

where gc is the orbital angular momentum of the emitter/ejectile
complex, and where S is the component of [ along the S axis.
Initially we may assume that the ejectile is evaporated with no
velocity in the rotating frame. The anguiar momentum removed by the
ejectile is then the orbital angular momentum given by Eg. 1. WNote
that an ejectile emitted radially in the rotating frame likewise
removes an amount of angular momentum given by Eq. 1. We thus calﬁ.

. . .. 8 .,
this model the radial emission model.  Before emission we have:



s . 12 _ k2, (2)

If the ejectile has no intrinsic spin, we have, after emission:

(s)2 = (F$)? = F2(1% - k%) (3)

(192 = (s92 + k2 = FI2+ (1 - FH K%, (4)

The primes designate the appropriate quantities for the residual

nuc leus after evaporation. The magnitude of I' is:

12 2.2 2y 2 oo (1 - F2y 2
\jQI )" = \/; "= (1 -F)K =FI |1 +[;.=;§;§l___]

1-F)k® (-
2F¢1° 8F1

(5)

2 FI1+

since FR 1.
We must now average over all possible values of K. For a given I

the rotational energy of the complex is a function of K @ﬂlygz

2 K2 K?

I
E = + = const + (6)
rot =230 23 ¢ 2y s

where liJeff = 1ijk - iisgg and where Jéc and Jg are the

moments of inertia about the K and S axes respectively. Thus with

Kg = JopeTs the average value of KN s given by:



\ I . mlezxg 1 $K2/ZK§
My = | ke oK e & . (7)
0 0

Upon taking the average value of Eq. 5 we find:

8

(I'y = FI1

7 QZZ
§3Jﬁ erf(Z)/4 ~ 37e = |2 - 1

/v erf(Z) T

2\ 4

3 -1

o~

where 7 = Z/(J?’Ko)e

It is convenient to define the functions:

2

-7
- erf(2)/2 ~ Ze " [/«
g(Z) = 5

L%erf(Z)

2 2
- 3w oerf(2)/4 - BZe&Z [2 - deaz . (9)
= 4 k-4

v erf(l) 1

h(Z)

with their help we may rewrite Eq. 8 as:

. (10)




The functions g(Z) and h(Z) are plotted in Fig. 2. The limiting

cases are:
402N 1.2 4\ 1 .4
?im‘<K } =5 Tim K" )= m-I
150 377 <> y
hm{i)dﬁ(lﬁ)/ﬁ? (1 - F92140 ¥3)
150

and

1in (k2= k2, 1in k)= xd

Isw Isw

20,2, .2 2,24, 34
;;g{i}:l(?—'w‘(l—F)KO/ZFI - 3(1 - FO)K I8 FITT)

The first limit should be taken with a grain of salt since our model
is clearly invalid when the angular momentum removed by the ejectile
%S calculated to be greater than the angular momentum initially

- present in the emitter/ejectile complex.

The functions g(Z) and h(Z) may be expanded in powers of Z. Their

expansion to second order in Z yields:

ol2) % 3 - 47745
(11)

h(z) & & - 422185 .

Thus:
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[ 2 2 2,2
= Mo, 11 1-F5f1 47"}y (L -F)"f1 417}
<Iejec£> = ieﬁéf>% Igi - F - 5F <3 - } + =3 {g_“ = };e

As the nucleus evaporates ejectiles the parameter

J
F ey

uR™ + J

i

changes. Similarly T and Z Zi#?ﬁKQ change as particles are
ejected. Thus, the angular momentum remaining in the residual nucleus

after the emission of N ejectiles is:

s (13a)

where Fi is the value of F before emission of the %th ejectile and

Z; is similarly defined. In fact, F, and g(Zi) change only

slightly as particles are ejected, and one may reasonably write:

(13b)

o re chosen, and provided

if gujtab?e values for Fave and Zav

<zeject§N> is not nearly as large as is I.
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DISPERSION OF ANGULAR MOMENTUM IN THE RESIDUAL NUCLEUS
One's intuitive feeling is that the angular momentum removed by
ejectiles which are not ejected radially should more or less cancel.
| We shall later verify that this feeling is correct. On the other
haﬂd3 ejectiles which are not emitted radially are expected to
contribute substantially to the second moment of I'. These ejectiles
are ignored by the radial emission model which is thus not adequate
for computing the total dispersion of I'. Nevertheless, the radial
emission model predicts a dispersion of I', both in the reaction plane
and perpendicular to the veaction plane. This dispersion will prove
to be useful when we consider a more reasonable model later on.

Consider the j component of I':

Eaj = Ij et zejECtgj ® 614)
The variance is given by:
2094 2
o (1) = 0"y = Toject, 3)
2 2
= U50- 20l egect, 5 * Cegect. 1) (1)

2 2
- <35> ¥ 2<Z§><iejectsj> - <Eeject§§> )

Since I is defined to be the angular momentum of the emitter/ejectile
complex before the evaporation of an ejectile, it is a constant.

Equation 15 may thus be written:



211 2 2 2
’ (Ij) - <ﬁeject%j> - <Iejectgj> =0 (Iejegtﬁj) . (16)

We decompose Zeject into two components:

geject = zejecth? * Zeje@tsz

°

RP symbolizes "reaction plane” and the z axis is perpendicular to the
reaction plane. We first consider the dispersion in the reaction

plane. With

I (1 -F)S=(1-F)1I sine , (17)

eject ©

we find:

@gz}RP 2<I§jectsRP> = (1 - F)Z Igésﬁnzg coszs>g Zg§ = 265 : (18)

x and y are two equivalent orthogonal directions in the reaction

plane. Remembering that K = I cose we obtain:

2 2 2 4 2 2
o= of - LU= D) {%ﬁ; 4:?} - LG g2y - niz) . (19)
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The use of the approximations given in Eq. 11 will yield answers which

differ from the exact solution we shall shortly obtain by < 3%.

For the z direction we have:

<I§ject Q = (1 - F)z 12<sinze s%n2@> .
or

Iiject§{> = 12(1 = F)2E1 - 29(Z) + h(Z)].

In order to estimate the dispersion in the z direction:

2 2 2
92 <}eject§£>“"<lejectg;> »

we need é}ejects;>° From Eq. 17,

I (1 -F)S=(1-F)Isine.

eject ~

The z component is:

(1 -F) I sinZe = (1-~F) 1{(1% - k&) /12y,

(20)

(21)

(22)

(23)



Thus

(Teject, )= (1= 1 - €)= 1= P10 - o)« (29)

Combining Egs. 20 through 24 yields:

o2 = 1(1 - F)P[1 - 29(2) *+ h(2)] - [(1 - F) 1(1 - g(2))7?

(25)
= 121 - )% (n(D) - ¢%(D))
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ISOTROPIC EMISSION MODEL
Let us now consider a model which will allow us to explicitly

calculate the contribution of non-radially emitted ejectiles to the
second moment of I'. We will also find that the average angular
momentum removed by ejectiles calculated with this isotropic emission
wwde?.daes not differ substantially from the first moment calculated
earlier with the radial emission model. The coordinates used are
defined in Fig. 3. We suppose that for a given colatitude, e,
ejectiles are emitted isotropically. The probability that an ejectile
is emitted in a differential solid angle dfycentered at (a,B) is:

Pla,8)dN« dN=sincdads.
We may %ntegraﬁe this probability distribution over all g to obtain
the probability, P{«), that the ejectile is evaporated at a polar
angle a. The integration yields:

Pla)de « sineds.

The ejectile is emitted with momentum p in the rotating frame. That is:

Prot = P €OSa R + p sine cosg § + p sine sing § (26)

where Q§ S and ¥ are the unit vectors along the K, S and Y axes

respectively. The vector Po = wp©§ is defined such that:

Prab = Prot T Po ° (27)

The radius vector is v = vk, The angular momentum carried away by the

evaporated particle is:

£ X Py = (rpy - rp sina sing) S + rp sina cosg Y . (28)



In the isotropic model:
é =
I'=1 zeject

= KK + (S - (rp@ - rp sina sing)) S+ (- rp sine cosg) Y . (29)

Recalling that:
K =1 cose and
S=1sine

one obtains:

22 s 2:1/2
o)

I ajéfaz° = (F1% + (1 - P22 4 2F1rp sine sing sine + r"p” sin . (30)

Keeping terms to 4th order in K and integrating over «, 8, @ and p, we
find that the radial emission model predicts greater average angular
momentum removed per ejectile than does the isotropic model. The

difference is:

<Iejec€>R - <Iejec%>1 =

( (31)
FI(r (%6717 + (2 - 1)(Bye? pPyreett? - e ptynsetity

where <iejec£>R is the average angular momentum removed by ejectiles
calculated in the radial emission model, and égejec£>l is the
average angular momentum removed calculated via the isotropic model.

With the estimates:

(p2y =3, phy=12021? , Ky c131d, Fa1 o,

we Tind the difference in {I i> predicted by the two models to be

ejec
about ZmFZTiBI@ The difference is proportional to the mass of the
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ejectile but so, roughly, is {I The two models thus agree to

ejec€>é
roughly 5% independent of the mass of the ejectile.

With Eq. 28 we may readily calculate the second moment of I'., We

note that:

EESP = Zagcgége + E§§ = (rp@ casg)z - Z?ZDDQ sine sing casze
' (32)

+ ?292 sinza sinza cosze + rzpz s%nza ccsgs o

Averaging over the independent variables s, 8, @, and p we find:
élﬁz}?p = {?gpg ceszs>%-(1/3)r2<p?}(l + <6052é>) . (33)

The first term in Eg. 33 is the second moment of 1' in the reaction
plane calculated via the radial emission model. We estimate {p?> =
3mT, where m is the mass of the ejectile and recall that (cosge>s:

{K2)12. We find:

of = ob = 124 Epp = 112007 gy y+ (112) wePT(1 + g(2))  (30)

2 . . . . .

L]

where 1i2<§ RP§@> is the variance in the x and y direction

calculated with the radial emission model, and is given by Eq. 19.

The second moment perpendicular to the reaction plane is calculated in

an analogous ways

éigjéct@ = (et o) ¥ T = g(2)) (35)
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2 .
and izeject 2,0)° the second moment of I in the 2

eject
direction calculated with the radial emission model, is given in Eq. 21.

2 2 2 2
oy = @eject?m} + mrT(1 - g(2)) - <Ie;ject9§ (36)

where i} } is given in Eg. 24. One may find it convenient to

eject,z
avoid calculating the quantity <Iejectgi> and instead to use the

value of <}eject> given by Eg. 12 for ézejectgi> in Eq. 36. The

error so introduced is ¢ 1% for both neutrons and alpha particles.
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FLUCTUATIONS IN COMPOUND NUCLEI

It is not appropriate to use the coordinate system with which we
have been working when discussing compound nuclei which do not
fission, since for reactions leading to such nuclei, one does not
usually define a reaction plane. A suitable coordinate system for non
fissioning compound nuclei is shown in Fig. 4. Note that the x' axis
is the beam axis. The distribution of | for these compound nucleus
reactions is confined to the y'z’ p?aﬂe and is isotropic therein. We
use primed coordinates to éiétiﬁguish the non fissioning compound
nucleus from exit channel fragments from fissioning compound nuclei or
heavy ion reactions.

While individual components of the variance depend on one's choice
of coordinate axes, the total variance can not depend on the

coordinate system chosen. That is:

. (37)

The x' axis is always perpendicular to the angular momentum I. The x'
axis of the non fissioning compound nucleus corresponds to the x (or
y) axis of the fissioning compound nucleus/heavy ion exit channel

fragment. Here too the x and y axes are perpendicular to I. Thus

. (38)
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The cylindrical symmetry of the non fissioning compound nucleus

implies:

Gy, &= GZB ® (39)
which, with Eqs. 37 and 38 yields:
2 2 1, 2 2
gyg = 0, = fé-(cy + cxz) o (40)
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A MORE FOCUSED MODEL
Eq. 30 is valid for any distribution of emitted ejectiles. For
any distribution with cylindrical symmetry, that is with P(e,8)

independent of g, we may integrate Eq. 30 over 8, ©, and p and obtain:

(egectlr = Legect)r =
FI(?2<S“§?12@><@2}/@F212 + (2%’52 - 1) <K2>?“2<S‘iﬂzu><p2>/4f:dla (41a)
- ?4<§§n@a><pé>/8FéI@) )

where {I is the average angular momentum removed by ejectiles

ejecé}F
calculated via this more focused model. Since

?d<$ina%><pﬁ>/8F414

is much less than the other terms in Eq. 4la (for neutron evaporation
with Tz 250 and {Kz}izz A, 0.2, the ratio of the three terms in

Eq. 4la is typically of order 1:0.2:0.003), we may approximate this
equation by:

égejec£>R - <ieje@€>F =
(41b)

FI(r? (s infa)p?y 14717 + (277 - 1){PY P gsinfay(p?yrartet) .

We assumed an isotropic distribution in order to estimate values
for {pz§ auﬁ{§iﬁ2§§ but we do not expect that these estimates are
very accurate. In particular, the distribution of emitted ejectiles

is skewed in the forward direction and favors ejectiles with
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relatively high momentum; <§%ﬁ2@’>is in truth lower than the
isotropic model predicts and {pz>»is higher than is estimated by the
isotropic model,

Referring to Fig. 3 we note that the probability of observing an
emitted ejectile at any colatitude is proportional to Vi e The

statistical distribution of velocities within the nucleus is:

2 ? 2
Piﬂ(vkgvsﬁvy)cg %xp(»m(vk vt vy)iZT) . (42)

where m is the ejectile's mass and T is the nuclear temperature., Thus

the distribution of velocities of evaporated ejectiles is:

2

P(vkgvsgv yer vkéxp(&m(vz * v + vi)/ZT) . (43)

y

In polar coordinates this becomes:

P(v,a) « VBexp(mmVZ/ZT) €o0Sa Sina

P(p,a)e pgexp(mQZ/ZmT) cosa Sina

With this probability distribution we obtain

W

?lgﬁﬂ a Pla)da gﬁ’sinzm sina CoSa da
{pz> = 4mT é§1ﬁ a) = 0 -0 = 1/2
3
0

Pla)da sina Ccosa da
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where P(a) is proportional to the probability that the ejectile is
emitted with polar angle o« independent of the ejectile's momentum.

With our isotropic model we obtained:

S‘iﬂza sina de

[z
0 = 2/3.

Note that the form of P{e) is not identical in the isotropic and more

focused models. In either case the product

@2}@%712@} = omT .

Thus the first moment calculated by the isotropic model and this more
focused model are essentially identical.
We now verify that the isotropic and more focused models give

identical results for the second moment of I and thus for the

eject
dispersion of I'. Before integration over a, the expressions for the

second moment of I are:

eject

<I§jec§ w = e = Q0% ooy (1720r” {sina ) (p7)(1 + (cos’e))
(45)

<I§jec§z = <I§je@t§z§@§ * (1;2)@ <Sin2“>épz><gnzg} °

Since the product Qsiﬂ2a>€é2§ is identical in the isotropic and

more focused models, so too must be the values of
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<I§jec§>éP and <5§jec€}z .

We note finally that if N particles are evaporated, the total
variance is N times the variance for a single evaporated particle, in
the limit that the parameters F, T, and Z do not change as particles

are emitted.
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CALCULATION
We consider a jﬁgég nucleus which has emerged from a heavy ion
reaction. It has T = 2.5 MeV, I = 35f and it evaporates a single
ca-ticle. In order to see the effects of some of our approximations,
wo include “crude" calculations in which the functions g(Z) and h(Z)

»ave been expanded to second order in Z and in which we have taken

QteQe:tﬁi} = <§ejec£>é
i

w

he parameters we use are:

. J {cf. Eg. 1)
uR™ + J

2T _Thds (Eq. 6)

S VAR vl R o

b=
"

Zif§‘K@ (Eg. 8) .

e scecial functions are:

oy L erf(2))2 - Zexp(-2%) 1 /n
2%erf (1)

(Eq. 9)

3

57 . (3Vs erf(2)/4 ~ BZexp(@Zé)iZ -7 exp(mzz))

a2 erf (2)

{Eq. 9) .
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In our crude calculations we approximate:
g{Z) % 0.333 - QZEIQS (Eq. 11)
h(Z) % 0.200 - 47°/45 (Eq. 11) .

The relevant formulae are:

lagecy = 1= 0 - 1

(cf. Eq. 10),

which is approximated in our crude calculation by:

2 2
1-f2 (1 a2 (1-F
éjejec{} = Igi -F - T (? -7 }* 3

2)2 {1 422};
5 T 45

8F
(Eq. 12);
2 2 2
@i - ol = Ewigff%§)”‘(§(27 - h(z)) + & UL Z L)) (Egs. 19
y 7 and 34) ,

which, in our crude calculation, is approximated by:

2
- (0.133) +

w o

mreT(1.33 - 472/45)
7

2 2 | 2
92 = <§ejectgz> - <ieject§é> .
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where:
2 2 2 2
(ifject, ) = 1200 = 201 = 29(0) + 0(2)) + melT(1 - 9(D) (K. 21
(eject,z )= 101 - )1 - 9(2)) . (Eq. 24)

In our crude calculation we use the approximations:

{1 2 2 2 2 2
<§eject§z = 1°(1 - F)©(0.533 + 47°/45) + mr°7(0.667 + 42°/45)
and
<Ieject92> = <Zejec£>(6ﬁ“de) . (Eq. 12)

The results of our calculations are:

a) Neutron Evaporation

{100y = 0.7380
{Zﬂeug>(crude) = 0.739%

2 ? 2
Gggﬁ’yg 1888%

2 2 Z
oy = cy{érude) = 1.891%
o2 = 1.992n2

gg(crude) - 1.993n%
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b) Alpha Evaporation

(1)) = 4.214n
<Ié>(crude) = 4,271

'a§ - oi - 11.90n%

2 2 2
o, = cy(crude) = 12.171
og - 14.410°

2

(crude) = 14.41n

[¢]

N
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CONCLUSION

We have developed simple models to calculate analytically the
first moment and dispersion of the angular momentum removed from
excited nuclei by the evaporation of light particles. At the same
time, we tried to keep the physics of the problem as transparent as
possible.

We equated the angular momentum removed by evaporated particles
with the orbital angular momentum of the emitter/ejectile complex
before evaporation, and took a suitable average over the colatitudes
from which the ejectile may have been emitted. The fact that the
ejecti1g may have been evaporated from any colatitude led to
fluctuations in the angular momentum removed by the light particle
even in the radial emission model. It was instructive, nonetheless,
to consider two simple distributions for ejectiles in the rotating
frame: an isotropic distribution, and a Maxwell velocity distribution
weighted by the factor Vi the velocity perpendicular to the surface
at the point of evaporation. We were able to decompose the
dispersions into their three orthogonal components. For exit channel
fragments from deep inelastic collisions and for fission fragments
from compound nucleus reactions, the coordinates were chosen to be
perpendicular and parallel to the reaction plane. For non fissioning
compound nuclei the coordinates were chosen to be perpendicular and

parallel to the beam axis.
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FIGURE CAPTIONS
Coordinate system used to calculate the first moment of the
angular momentum removed by an ejectile. The origin is at
the center of mass of the emitter/ejectile complex.
Functions g(Z) and h(Z) plotted against Z = 1//2 KOQ
Coordinate system used to calculate the second moment of the
angular momentum removed by an ejectile in the isotropic and
focused models. The origin is at the center of the ejectile
at the instant before it is evaporated. The ejectile is
evaporated in the direction indicated by the arrow in the
lower diagram.
Coordinate system used in discussing non fissioning compound
nuclei. The origin is at the center of the compound
nucleus. The x' axis is the beam axis. The angular momenta
of the non fissioning compound nuclei are distributed

jsotropically in the y'z' plane.
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