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Abstract The widths of the spectator momentum distributions in several nuclei, which have been used as
Trojan Horses, have been obtained as a function of the transferred momentum. Applications of Trojan Horse
method will also be discussed.

The study of processes relevant for astrophysics involving light nuclei has increased in the last decades due to
the development of indirect methods. These latter try to measure bare nucleus cross sections at astrophysically
relevant energies [1,2]. Among them we cite Coulomb dissociation [3], the ANC [4–7] and the Trojan Horse
Method (THM). The main features of this latter method are extensively discussed elsewhere [8–14,21–23].
The method was used both for charged particle induced reactions as well as for neutron induced ones [19].

The present paper will also help to point out the distortion effects which arise at low energies in the study
of three-body processes and will suggest some way to by-pass them in THM applications.

The results of the work [15] have been recently updated and extended to many other light nuclei [16,17]
because of the importance of weakly bound nuclei in the framework of the THM and its application to the
nuclear astrophysics. Since the extraction of the bare-nucleus S(E) factor uses the momentum distribution
of the spectator cluster inside the TH nucleus, it is important to evaluate the impact of the uncertainty of the
momentum distribution width on the final result. The goal of this paper is to compare the experimental momen-
tum distribution of the spectator in the bound state a = (sx) extracted from the 2 → 3 particles (breakup, or
breakup with rearrangement) reactions with the theoretical one. The theoretical momentum distribution has
been calculated for the target a = (sx) using the Hulthen potential for a = d and Woods-Saxon one with the
standard geometrical parameters, radius r0 = 1.25 fm and diffuseness a = 0.65 fm, for other nuclei.

In previous works [15,16] it has been shown that the full width at half maximum, W (qt ), (e.g for the α−d
momentum distribution in 6Li) slowly increases with increasing mean transferred momentum. In the most
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general case the 3-body reaction used for achieving information on some astrophysically relevant binary one
can be expressed as A+a → s+c+C , where particle s is then considered to be spectator to the A+x → c+C
binary reaction and the Trojan Horse nucleus a is described in terms of a cluster structure a = (sx).

In the case of transferred momentum from the projectile A to the center-of-mass of the final system
B = C + c, the latter can be written as the Galilean invariant quantity:

qt =
(

m B

m A

)1/2

pA −
(

m A

m B

)1/2

pB . (1)

The experimental momentum distribution FWHM W (qt ), extracted from several experiments, are measured
in the case of different Trojan Horse 2H,3 He,6 Li,9 Be at different beam energies and kinematic conditions
(see ref. [16,17] for further details). This allows us to explore a wide range of the transferred momentum
and made it possible to explore the correlation between the momentum distribution width and the transferred
momentum. This is extensively reported in [16,17]. What is clear for all isotopes is that at low qt , the Wt
smoothly increases until the predicted PWIA asymptotic value (which varies for the different studied isotopes)
is reached in the region where qt is large. These data strongly confirm the behaviour already discussed in
[15,16] for the α − d case in 6Li. This experimental behaviour was fitted, in all the cited cases, by using the
following empirical function, as in [16,17], W (qt ) = f0(1 − exp(−qt/q0)), with f0 the asymptotic width of
momentum distribution and q0 a coefficient which takes into account the distortion present at low transferred
momenta. We found that the deviation of the theoretical momentum distributions from the experimental ones
is correlated with the transfer momentum from the projectile to the ejectiles. When the average transferred
momentum is large compared to κ , where κsx = √

2 · μεsxεsx being the binding energy of the fragments x
and s in the bound state a = (sx) and μ is their reduced mass, the experimental FWHM reaches the theoretical
one (the plateau is reached at qt ∼ (5–6)κsx ).

Thus at higher relative C − s and c − s kinetic energies and higher qt the final-state ejectile-spectator
effects are negligible and the reaction is an “ideal” quasi-free reaction. But as soon as the relative C − s and
c − s kinetic energies decrease or the transferred momentum becomes comparable with κsx the momentum
distribution shape changes and its width becomes smaller. This behaviour appears for all the examined nuclei,
2H, 3He, 6Li, 3H and 9Be. The application of the THM to these cases should take into account these distor-
tions by adopting the ”distorted” FWHM extracted from the experimental data instead of the theoretical one.
In Fig. 1 the behaviour of FWHM for the different examined isotopes is reported. In order to do this the W (q)
is normalized to f0 for each isotope while the transferred momentum is expressed in units of κsx . Again the
saturation effect is clear as well as the distortion at small transferred momentum for both the examined isotopes
(6Li and 2H). The same behaviour was evident for all the other examined isotopes as discussed in [17].

Fig. 1 FWHM (normalized to f0 for each isotope) as a function of transferred momentum expressed in units of κsx . On top the
case of deuterium is reported, on bottom the 6Li one. The experimental fit (line) is discussed in the text
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