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INTRODUCTION1

Measurements of the inclusive differential cross section d2a/dEdC2
for a wide variety of projectile-ejectile-target combinations have usu-
ally yielded a similar looking spectrum at fixed ejectile angle when
plotted logarithmically. At low ejectile energy, the spectrum is well
described by the evaporation model, in which the ejectile "evaporates"
from a nuclear source in which the nucleons are in thermal equilibrium
with a temperature of a few MeV. At high ejectile energy, near the
kinematic limit, the spectra show transitions to specific nuclear
states.

In between these extremes is a long "tail", in which the differen-
tial cross section falls roughly exponentially with ejectile energy.
Some years back, it was tempting to describe all of the projectile-
ejectile combinations by a single reaction mechanism, largely because
of the similarity of the logarithmic plots. It is fairly easy to gen-
erate a model with an exponential in it, and many such models were pro-
posed to explain these high energy tails. However, as significantly
more data have recently become available, not only have some of the
mechanisms been ruled out for all reactions, but also it has become
clear that reactions involving one type of projectile may be dominated
by one mechanism, while a different projectile involves a very differ-
ent mechanism. Only by comparison of the target dependence, ejectile
mass number dependence, eta., of many different experiments can these
conclusions be reached. Thus, while no individual experiment stands
out as conclusive in this field of study, taken together they point
towards a solution.

Hence, the approach taken in this brief summary will be to compare
various experiments to learn about the mechanism, and then indicate
what can be learned by an analysis of the data within a given model.

PROTON INDUCED REACTIONS

1. Nucleon Emission

It is clear that if the mechanism for emission of any high energy
ejectile in proton induced reactions involves a thermally equilibrated
source, the source is very different from that involved in the evapora-
tion region: the whole nucleus cannot be thermally equilibrated.
Evidence comes from two main observations:



1. The source temperature required is high, about 40 MeV. If the in-
cident proton in the TRIUMF energy range (200-500 MeV) dissipates
its energy over 100 nucleons, kT will be in the few MeV-range, not
10's of MeV. Hence, the source must involve, say, 15 or so nucleons.

2. A rapidity analysis of fragment emission in both proton2 and elec-
tron3 induced reactions shows that the source must be in the 10-20
nucleon range if all of the projectile's momentum is taken off by
the source.

Although a mechanism based on this "hot spot" model1* adequately
described the existing data when it was proposed, two major flaws have
emerged.

1. Above the coulomb barrier, the (p,n)/(p,p') cross section ratio
should be about unity in a thermal model. In fact, it is ob-
served5 to be about 1/2. (It is important that this experiment,
done at 100 MeV, be repeated at a higher energy.)

2. The differenital cross section per target nucleon is constant as a
function of target mass from helium to tantalum.6 It is difficult
to believe that as light a system as helium can be thermally equil-
ibrated to this temperature range.

Hence, a model in which there have been a very large number of NN
collisions producing a thermally equilibrated source nucleus seems to
be ruled out, especially if the (p,n)/(p,p') ratio is very different
from unity at higher energies. In contrast to this approach is the
direct knockout model7 for nucleon emission, in which there is one in-
teraction between projectile and ejectile. As evidenced by the exis-
tence of quasi-free peaks in the (p,p') data at forward angles, this
process must play some role in energetic nucleon emission at wider
angles. Because the elementary NN cross section falls like exp(bt),
where t is the four momentum transfer squared, it will be assumed that
the observed nucleon in wide angle scattering originated in the target
and is not the projectile. Wide angle scattering must be due to the
Fermi motion of the nucleons in the nucleus, in this model.

A diagram of the kinematical labels involved in this model is
shown in Fig. 1, where it is assumed for the time being that the resi-
dual nucleus recoils coherently. Then, the expression for the inclu-
sive cross section involves a vertex function n(k) (or momentum distri-
bution, in PWIA language) and a transition matrix element T for the
elementary NN Interaction. For example, the ratio of the (p,n) to
(p,p') differential cross sections is given by:8

n(k)N|Tpn|
2 d3pf 6(Energy) ( i )

_ ( i )

d3a(p,p')/d3q /(EfEfc)"1 n(k)[z|Tpp|
z + N|Tpn|

2]d3pf fi(Energy)

where Z and N refer to the number of protons and neutrons in the target.
This expression has been evaluated at several incident energies, as
shown in Fig. 2. The predicted (p,n)/(p,p') ratio is in good agreement



with experiment. This calculation does not depend particularly sensi-
tively on the coherent recoil assumption or on the normalization of the
vertex function.

Another test of the direct knockout model is to look for a leading
particle effect. If the incident proton really does scatter forward
with small momentum transfer, then by looking at light targets one
should be able to see it in a (p,2p) coincidence experiment triggered
on a wide angle, energetic proton. From 3-body kinematics, the for-
ward proton's momentum Pf should be given by

pf = p - q - t . (2)

If n(k) is a decreasing function of k, then the coincidence rate should
be a maximum for pf parallel to p - q (all other things being equal).
Figure 3 shows the results of an experiment10 done at Tp = 300 MeV at
TRIUMF. There is a very clear enhancement of the coincidence rate
around the p-<] direction, the spread being In part attributable to

i) multiple scattering
ii) an incoherently recoiling residual system with a distribution

of excitation energies.

A similar experiment done at LAMPF11 shows the forward peak but
no associated continuum. It Is not clear whether this discrepancy is
real or is a phase space effect due to the higher Incident proton en-
ergy.

A first attempt at describing the absolute cross sections observed
in this experiment is currently underway using a distribution of
residual energies determined13 by comparing (p,pr) data with (y.p) data.
The (p,pf) cross section is expressed as

AT-1

d3a m 1
d3q * 2V2iT)5PEa

Î K Di(K)n(k) | T\26l> (Energy-momentum) . (3)

The sum over 1 refers to an i nucleon recoil system, weighted by a
coefficient aj and having an invariant mass distribution Di(K) (K being
the 4-momentum of the residual system) and a mass MTi> The reader is
referred to the original article13 for a detailed description of the
parametrization.

An example of the fit to the (p,pf) data is shown in Fig. 4. The
contribution of the individual i-nucleon recoil "jets" is shown by the
dashed curves, their sum by the full curve. Having determined the
parameters for ai and Di(K), one can then test the model by predicting
the (Y,p) cross sections. Comparisons were made for photons from a
bremsstrahlung spectrum N(Ey) with endpoint energy Eo. The (y,p) cross
section is given by



A f l
1 ae m V ^ ai(i+l) /

N(EY)
-^— 6(Energy)dEkdEY (4)

whe re

Q = (1/EO) /N(EY)EYdE7 (5)

and the product of the struck proton's current with the electromagnetic
polarization tensor has been spin averaged. A comparison of the pre-
dicted cross section with experiment is shown on Fig. 5. While the
agreement for these high energy photons is reasonably good, such is not
the case for very low energy photons. However, this is not unexpected
as the normalization of the (p,pf) model was not determined in the low
energy region.

This model was initially greeted with some scepticism because the
phenomenologically determined momentum distribution was much larger in
the high momentum regime than a simple extrapolation of the gaussian
shape used at low momentum, would predict. However, recent many-body {

calculations11* confirm that there is indeed a high momentum tail to the
momentum distribution, although it is not yet clear how to extract the
"real" momentum distribution from the phenomenologically determined
one, because of the effects of final state Interactions.15"16 j

2. Fragment Emission j

The possibility that light fragment emission, particularly "*He \
nuclei, also involved a direct knockout model was investigated some *i
years ago in low energy reactions.17 In this model, one imagines that
an incident nucleon knocks out a transient cluster of nucleons on the
nuclear surface. Such a model at first18 met with success when applied
to (p,fragment) reactions at TRIUMF energies. Shown on Fig. 6 is part
of a fit3 to (p,a), (p,12C) and (p,16.0) data taken at TRIUMF.2 All
angles were fitted simultaneously, but only the 90° results are shown.
Although the agreement of the model with the data is fair to good, for
a given target, the target dependence itself seems to rule the model
out.

What one extracts from the model is the effective number of
clusters, neff, in a given target. Taking the (p,a) reaction as an
example, one might expect that if one went to light nuclei which were
alpha-rich (based on their decays) or were mainly surface, that neff7
(A/4) would increase, i.e. that one would observe relatively more
alphas being produced. In fact, as shown in Table I, the effective
number of alphas actually decreases faster than (A/4) for light nuclei.

However, there must be some sort of direct interaction between
the projectile and the fragment or its components. The reason for
this statement can be found by comparing (e,F) with (p,F) cross sec-
tions, as is done on Fig. 7 for F = **He. The ratio has a value of



about aem. (aem = electromagnetic fine structure constant.) If mul-
tiple scatterings of the projectile were required to produce the state
from which the alpha particle emerged, one would expect a much higher
power of aem f°r this ratio. Indeed, aem is just what one would ex-
pect for a single scattering of the projectile, if proton and electron
induced reactions have a common mechanism.

Table I. Relative effective number of
clusters, C 5 neff/(AJ/AF)•

Fragment Target

"•He

12C

160

9Be
2 7A1

Ag

Ag

Ag

1/4

1/2

1/2

1/10

1/10

A model which takes these observations into account is the snow-
ball model.*»3,8,19 j n this model, there is one interaction of the
projectile to produce an energetic nucleon, followed by multiple scat-
tering of that energetic nucleon to pick up the required nucleons to
form the observed fragment as illustrated in Fig. 8. The model re-
quires the introduction of a momentum space volume, Vs, which defines
the maximum relative momentum between nucleons such that they are
still constituents of the fragment. The differential cross section in
the snowball model has the form:1^

where C F X is a combinatoric factor and P is the probability for scat-
tering a nucleon into V s per NN collision in the nucleus and is given

lJd^Ni
SM oR d3q

In this equation, M is the mean nucleon multiplicity and OR is the p-
nucleus reaction cross section. The cross sections in Eq. (6) are
evaluated at the same incident proton energy and the same ejectile
energy and angle, while that in Eq. (7) is for an incident proton with
the ejectile's energy (on the average) and the struck nucleon emerging
at forward angles. The phase space volume at these non-relativistic
energies is simply given by

Vs = f *Ps
3 (8)

, where ps is determined experimentally. Taking logarithms,

i T 1 d2a 1 f d2a 1
, l o 8 ! 7CT -5ZJZ (P.p) I = logllT^TT (P.N) I + (Ar-l)logP (9)



so that a plot (at fixed ejectile energy and angle) of the lhs vs. AF~1
should yield a straight line with slope equal to log P from which p s

can be extracted. An example of such a plot is shown on Fig. 9. Fits
to the data in the TRIUMF energy range give a value for p s of 151-
157 MeV/c. This number should be comparable to the average momentum
per nucleon in the nucleus (not the Fermi momentum) and indeed it is
for light nuclei.20

The snowball model should be contrasted with the traditional
coalescence model (called FSI model for Final State Interaction mod.-l
hereafter) of heavy ion physics21"24 in which a high multiplicity final
state is produced from which the fragment nucleons coalesce. The cross
section expression for the FSI model is similar to that of the snowball
model:

(P.F) = 4^-(P,N)7rrM-4-
£- (P.N)V0

 F (10)

where PN Is the average momentum per nucleon in the fragment. Clearly,
the logarithmic plots described above for the snowball model will be
applicable here as well, although the parameter Vo so obtained will be
different.

One way of distinguishing between the models Is to look at the
target dependence. In the FSI model, all of the ingredient cross sec-
tions go like some power of Af:

(11)

°R ~ AT
2/3 (12)

so that the overall target dependence goes like A ^ where

Y = (AF+2)/3 . (13)

For example, for the (p,ct) reaction, the FSI model would predict y • 2
for ''He emission. In fact, it is observed to be about 1.5 to 1.6.

The target dependence of the snowball model is a bit more diffi-
cult to extract. Equation (6) itself predicts -y=l (since there is
little target dependence in P ) . However, Eq. (6) does not take into
account the fact that not all target nucleons will be far enough away
from the nuclear surface to undergo enough collisions to "snowball".
Taking this effect into account will reduce the available number of
target nucleons to participate in fragment formation to

Aeff = AT[l + j U
3 -3O] = ATG(O (1A)

where £ = D/2R, D being the minimum "accumulation length" for snowball
formation and R being the nuclear radius. A fit to the target depen-
dence [where the (p,n) target dependence on the rhs of Eq. (6) has been
divided out] is shown on Fig. 10 for a-emlssion. The value of the
parameter D so extracted is 4 fm, about what one would expect for
u-emission.



A second test is the projectile energy dependence. In the inter-
mediate energy regime between 100 MeV and 2000 MeV, the differential
cross section has a power law behaviour as a function of the incident
protcn energy Tp, namely Tp<5. Above 10 GeV or so, the cross section
seems to be essentially flat. An example of this behaviour for the
(p,pr) reaction is shown on Fig. 11. The FSI and snowball model pre-
dict different energy dependences for emission of a fragment F. The
FSI model would predict an exponent of Apfipp while the snowball model
would predict simply <5pF = <5pp- Although not enough data are available
on comparable targets to investigate this effect thoroughly, neverthe-
less some conclusions can be reached with the existing data. Shown in
Fig. 12 is the behaviour of the cross section for the (p,p')t (p,**He),
(p,6Li), (a,p) and (a,d) reactions as a function of incident energy for
fixed ejectile energy and angle. One can see that, at least for a
limited energy range, there appears to be a power law behaviour for
these reactions. In Table II the exponents derived from this figure
are compared with experiment. One can see that the snowball model pre-
dictions work well for deuteron emission, and are certainly closer than
the FSI predictions for **He's and 6Li's.

Table II. Projectile energy dependence Tp<5 for an ejectile
observed at 50 MeV and 90°.

Reaction 6(Snowball) 6(FSI) 6(Experiment)

(a,d)

(p,4He)

(p,6Li)

0.7

0 .8

0 .8

1.4

3.2

4.8

0.8

0.7

0.9

1.6

2.2

The deviations from the snowball predictions are probably a geo-
metrical effect. In Fig. 13 are shown several possible reaction paths
leading to alpha formation. If the average trajectory is not long
enough for the three interactions, required by diagram I, then diagrams
II and II may be more favoured. This would certainly explain the ob-
served power law dependence.

What one obtains from the snowball (or FSI) model analysis is a
measure of the relative momentum of nucleons in a fragment. As indi-
cated above typical ps obtained in a fit to light fragments is ISO-
ISO MeV/c, comparable to the average momentum in light nuclei. Snow-
ball model predictions^ using this value of ps for electron induced
reactions have been in fair to good agreement with data, considering
the uncertainties in calculating the (e,p) cross sections required as
input. A survey of (e,fragment) reactions comparable to the existing
(p,fragment) ones would be most useful.

Other useful experiments to test the mechanism proposed above
would be the simultaneous measurement of (p,n)/(p,p'), (p,t)/(p,3He)



and (p,7Li)/(p,7Be) ratios at comparable targets, etc?. Thermal models
give very different predictions from coalescence-based model (which
also differ among themselves) for these ratios. Similarly, an exami-
nation of the energy dependence of the (p,d)/(p,pf) and (p,3He)/(p,pr)
ratios will also distinguish between the snowball and FSI models.

HEAVY ION REACTIONS

The FSI model is a well used analytical tool in heavy ion reac-
tions,2 l~2i+ an(j some tests of its validity, at least in deuteron pro-
duction, have been carried out.25 However, since the FSI model has
not done well in the projectile energy and target mass number tests of
proton induced reactions, it is worthwhile to repeat these tests for
heavy ion reactions. Again, there is not a great deal of data on com-
parable targets etc. to make an extensive comr'arison, but at least a
minimum test can be made for Ne induced reactions.

Table III shows the results of the target dependence test for d
and t emission. Heavy targets were chosen so that the G-factor which"
appears in the snowball model, Eq. (14), is slowly varying (particular-
ly for deuteron and triton emission). One can see that experiment iŝ
in much better agreement with the FSI model than with the snowball
model.

Table III. Target mass number dependence, A T ^ , for neon induced
reactions. 2 6 The ejectiles were observed at 90°, and
the projectile energy was 800 MeV/nucleon.

Ejectile y(Snowball) y(FSI) "r(Exp.)

p — — 1.0

d -v-1.0 1.3 1,36

t -v.1.0 1.7 1.6

Similarly with the projectile energy dependence. For the snow-
ball model, the ejectiles should be compared at the same energy and
angle. This is shown in Table IV. It is immediately seen that the
predictions are not in good agreement with experiment, although per-
haps this is not a particularly good test since the quantities are
so slowly varying.

Table IV. Projectile energy dependence T$& for neon induced reac-
tions. 26,27 The ejectile is observed at 90° and 100 MeV.

Ejectile 6(Snowball) 6(Exp.)

P — 1.0

d 1.0 1.3

t 1.0 1.4



However, the corresponding test of the FSI model shows a much
stronger variation, and good agreement with the FSI predictions.
The results are shown in Table V.

Table V. Projectile energy dependence TJJ^ for neon induced
reactions.26'27 The ejectile is observed at 90°
and 50 MeV/nucieon.

Ejectile S(FSI) 6(Exp.)

1.2

1.8

0.6

1.3

1.6

LIGHT ION REACTIONS—THE TRANSITION REGION

We have seen in the above that the snowball model, which should
apply for low multiplicity reactions, describes well the electron and
proton induced formation of energetic light fragments. On the other
hand, the FSI model which should apply to high multiplicity reactions,
describes well heavy ion reactions. (It should be pointed out that
this analysis has said nothing about the source—thermal or direct—
of the energetic nucleons themselves in heavy Ion reactions.) At some
point there must be a transition region between the models.

At present, a good calculation of this region has not been done,
but there is experimental evidence to guide one. The differential
cross sections for deuteron induced reactions28 look very similar to
those of proton induced reactions. Indeed, one finds

d2o(d,F; 2.1 GeV/nucleon)/dEdfl K , 5
d2a(p,F; 4.9 GeV)/dEdfl

(15)

independent of fragment energy and angle. If one estimates a correc-
tion for the differing energies (per nucleon) of the p and d, then the
ratio is raised to 2.5 ± 0.5., This is in the range of what one would
expect if the deuteron were behaving like two independent nucleons.

For proton emission in alpha induced reactions, the same appears
to be true. An example of the ratio of (a,F) to (p,F) data27 for
F = p, d and t J-3 plotted on Fig. 14. Independent of angle, the (ct,p)/
(p,p') ratio is observed to be about 3.0. If the incident alpha were
behaving like four independent nucleons, we would expect

= 3.0 (16)

where we have used the (n,p)/(p,p') ratio from an equation similar to
Eq. (1).

However, this simple behaviour is not observed for deuteron or
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other fragment emission, and presumably this marks the onset of the
transition from snowball dominance to FSI dominance. Taken individu-
ally, the snowball or FSI contributions to (a,F)/(p,F) would predict
that this ratio is riughly constant. However, a rough calculation
shows that the individual contributions are of comparable magnitude
and their ratio is energy dependent. As yet, a calculation of these
ratios is a little too coarse to be of much use, but it does show that
the energy dependence is of the right magnitude and sign. A knowledge
of the (p,pf) cross sections at the same incident energy (as the
alpha) and with 20<_Tp» <_100 MeV would help put the calculations on
firmer footing.

SUMMARY

The above analysis concerns itself mainly with the production of
energetic protons and light fragments at wide angles. The experiments
point to nucleon emission in proton induced reactions as involving a
mechanism in which the observed nucleon is directly knocked out of the
nucleus. A similar feature seems to be required to explain (p,F) and
(e,F) reactions: an energetic nucleon is produced in one scattering
of the projectile, and the struck nucleon subsequently loses some of
its energy as it traverses the remaining part of the nucleus, gather-
ing up other nucleons as it goes, to become a fragment. This is what
one might call the extreme snowball model, and a more accurate descrip-
tion probably involves multiple scattering of the projectile (as in
Fig. 13) in addition to the extreme snowball contribution. This will
be particularly true for fragments in the mass 6 to 9 region.

This scenario also appears to apply to deuteron induced fragment
production. However, for alpha induced reactions, it would appear
that the nucleons forming a fragment can originate from collisions in-
volving different incident nucleons in the projectile. For heavy ions,
this effect Is even stronger, and the snowball contribution is greatly
reduced compared to that of the traditional coalescence model.

ACKNOWLEDGMENT

The author wishes to express his gratitude to the Natural Sciences
and Engineering Research Council for financial support. He also wishes
to thank S. Nagamiya, L.S. Schroeder and G.D. Westfall for providing
tabulations of their data.



11

REFERENCES

1. The references quoted in this lecture are not nearly complete.
The reader is referred to D.H. Boal in Proceedings of the Inter-
mediate Energy Nuclear Chemistry Workshop (Los Alamos Report LA-
8835-C) for a review of electron and proton induced reactions, and
to the lectures of S. Nagamiya, D.K. Scott, and G.D. Westfall
(this proceedings) for heavy ion induced reactions.

2. R.E.L. Green and R.G. Korteling, Phys. Rev. £18, 311 (1978);
22, 1594 (1980).

3. D.H. Boal, R.E.L. Green, R.G. Korteling and M. Soroushian, Phys.
Rev. C23, 2788 (1381).

4. See, for example, R. Weiner and M. WestrSm, Phys. Rev. Lett. 34,
1523 (1975).

5. B.D. Anderson et al., Phys. Rev. Lett. 46, 226 (1981).
6. G.Roy et al. , Phys. Rev. C2J3, 1671 (1981).
7. R.D. Amado and R.M. Woloshyn, Phys. Rev. Lett. 36^ 1435 (1976).
8. D.H. Boal, TRIUMF report TRI-PP-81-56.
9. D.H. Boal, Phys. Rev. C21, 1913 (1980).

10. R.E.L. Green, R. Helraer, K.P. Jackson, and R.G. Korteling,
private communication.

11. S. Frankel, W. Frati, C.F. Perdrisat, and O.B. VanDyck, Phys.
Rev. C24, 2684 (1981).

12. D.H. Boal, work in progress.
13. D.H. Boal and R.M. Woloshyn, Phys. Rev. C23, 1206 (1981).
14. For example, J.G. Zabolitzky and W. Ey, Phys. Lett. 76B, 527 (1978).
15. R.D. Amado and R.M. Woloshyn, Phys. Lett. 69B, 400 (1977).
16. S.A. Gurvitz, Phys. Rev. C2_2, 964 (1980) and references therein.
17. See, for example, L. Milazzo-Colll et al., Nucl. Phys. A218, 274

(1974).
18. D.H. Boal and R.M. Woloshyn, Phys. Rev. C20, 1878 (1979).
19. D.H. Boal and M. Soroushian, Phys. Rev. C2_5, (in press).
20. R.R. Whitney et al. , Phys. Rev. C9, 2230 (1974).
21. H. Machner, Phys. Lett. 86B, 129 (1979).
22. H.H. Gutbrod et al., Phys. Rev. Lett. J7> 6 6 7 (1976).
23. M.C. Lemaire, Phys. Lett. 8515, 38 (1979).
24. A. Mekjian, Phys. Lett. 89B, 177 (1980).
25. S. Nagamiya et al., Phys. Lett. ̂ 1B, 147 (1979).
26. S. Nagamiya et al. , Phys. Rev. C24, 971 (1981).
27. A. Sandoval et al., Phys. Rev. C21, 1321 (1980).
28. A.M. Zebelman et al. , Phys. Rev. £ U , 1280 (1975).



12

FIGURE CAPTIONS

1. Kinematic labels for the (p,x) (x=p,d,t...) reaction in the direct
knockout model. The object labelled "Light Fragment" is the ob-
served ejectile.

2. Ratios of (n,n')/(p,pf), (n,p)/(p,pf) and (p,n)/(p,p') cross sec-
tions predicted by the direct knockout model. The calculations
were performed at an incident proton energy of 400 MeV (dashed
curve) and 1 GeV (solid curve).

3. Coincidence rates in a (p,2p) experiment triggered on 70 ± 5 MeV
protons observed at 90 MeV from a Be target. The incident proton
energy is 300 MeV.

4. Direct knockout model (without coherent recoil) predictions for the
(p,p') reaction at an incident proton momentum of 6 GeV/c. The
contribution of each i-nucleon recoil jet is shown by the dashed
curves, their total by the solid curve.

5. Direct knockout model predictions for the (Y.P) reaction.
6. Direct knockout model applied to cluster emission- All angles

(20°-160°) were fitted simultaneously, although only the 90°
results are shown.

7. Ratio of (e,a) to (p,u) differential cross sections for fixed n
energy but variable angle. Targets In the same mass range were j !
chosen. | j

8. Si.owball model for fragment formation. i |
9. Logarithmic plots from which snowball momentum is extracted. . :

10. Target nucleon reduction factor G compared to G for uranium as a
function of target mass number. i

11. Behaviour of the (p,pf) cross section at fixed p' energy and angle ;
as a function of incident proton energy Tp. j i

12. As in Fig. 11 but for a wider variety of reactions: (p,pf), '* !

(p,4He), (p,6Li), (ct.p) and (ct,d). j
13. Some possible reaction paths which will contribute to alpha forma- *!

tion.
14. Ratio of (oe,F) to (p,F) data for F = p, d and t, the ejectile being

observed at 90°.
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