
Chapter 4

Fragment reconstruction

One of the essential di�erences between this measurement and previous
measurements is that in previous measurements one was not able to dis-
tinguish the collision process from the evaporation process, i.e. the detected
projectile-like fragment (PLF) was used to determine the amount of mass
removed from the projectile neglecting the fact that in most cases the PLF
is excited above particle threshold and will evaporate light particles. As
already mentioned in the previous chapters, the KVI Forward Wall (FW)
was placed in front of the spectrograph to detect light charged particles. In
this chapter the procedures, used to correct for the limited Forward-Wall
acceptance, will be explained.

4.1 Forward-Wall acceptance and 0th order correc-

tion

To determine the acceptance of the ForwardWall, GEANT calculations were
done for the 36Ar + 159Tb system at 44 MeV/nucleon (�gure 4.1). In these
calculations it is assumed that the light particles are emitted isotropically by
a thermal source, moving with beam velocity. It can be seen from this �gure
that the acceptance for � and heavier particles is close to 100% while for
protons the acceptance varies with excitation energy from 80% to 50%. One
could ignore this e�ect and assume that the mass of the primary projectile-
like fragment (PPLF), i.e. the fragment before light-particle evaporation,
is equal to the sum of the masses of the projectile-like fragment detected
in the spectrograph and the light charged particles detected in the Forward
Wall (�gure 4.2b). A better 0th order estimate would be to assume that
for every emitted proton also a neutron was emitted which is not an unrea-
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sonable assumption since for a symmetric projectile one would expect that
the number of neutrons and protons evaporated is approximately equal. We
are neglecting here the fact that for protons the coverage is less than 100%.
The resulting distribution is shown in �gure 4.2c. For comparison also the
detected mass distribution is shown in the same �gure (4.2a).
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Figure 4.1: GEANT acceptance calculation for the KVI Forward Wall.

It is clear from the �gure that by adding the light charged particles
measured in the Forward Wall, in coincidence with the fragment, already
accounts for the largest fraction of the evaporated mass. Furthermore the
detected mass distribution (�gure 4.2a) shows very strong peaks for the �-
nuclei while after adding in the Forward-Wall information these structures
disappear (see �gure 4.2b) indicating that these structures are due to the
evaporation process. The correction for the missed neutrons changes the
distribution only very little but a clear odd-even staggering is found. This
can be easily understood since adding to the detected mass distribution,
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Figure 4.2: Mass distribution for the detected fragments (a), for recon-
structed fragments if only the mass detected in the forward wall is added (b)
and if it is assumed that for every emitted proton also a neutron is emitted
(c). The arrows give the centroids of the mass distributions.

which shows strong �-peaks (modulus 4), an even number (modulus 2), will
result in a spectrum with strong even peaks (modulus 2).

Although the method presented above already accounts for most of the
missing mass, as will be demonstrated in the following section, it is not a
satisfactory description since non-physical aspects are introduced due to this
reconstruction, e.g. the odd-even structure. In the following section a more
re�ned reconstruction method will be explained making use of advanced
model data and acceptance calculations.
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4.2 Advanced acceptance correction

For the more advanced reconstruction the following assumptions are made:

� A given reaction channel can be characterized by the mass of the
detected fragment and the number of protons and �- particles detected
in coincidence.

� The light-charged-particle multiplicity is representative for the excita-
tion energy of the PPLF.

A model which produces a primary-fragment mass distribution and ex-
citation-energy distribution close to the 'true' experimental one can then be
used to correct for the limited acceptance of the forward wall. In �gure 4.3
the reconstruction procedure is schematically shown.

DATA

PLF + LCP´s

PPLF + E*

MODEL
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Figure 4.3: Schematical view of the reconstruction procedure.

From the combination of the Abrasion-Ablation model (ABRABLA) and
the statistical decay code GEMINI (see chapter 2) a data set is produced
containing a PLF after particle emission and the evaporated light particles.
To make sure that the mass distributions are as close as possible to the
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data the model data are �rst �ltered through the spectrograph acceptance.
In the next step the light particles are �ltered through the Forward Wall
acceptance. To limit the computer time needed this is done in a geometrical
way. The method has been checked, however, using the GEANT code. Now,
a distribution of the missing number of protons (Zmis) and neutrons (Nmis)
is made as a function of the detected mass of the projectile-like fragment
and the number of detected protons and �-particles.

To reconstruct the primary projectile-like fragment the projectile-like
fragment and the light charged particles, detected in the Forward Wall,
are added. Furthermore, the missing number of protons and neutrons are
sampled from the distributions.

Zpplf = Zplf +Np + 2 �N� + Zmis(Aplf ; Np; N�) (4.1)

Applf = Aplf +Np + 4 �N� + Zmis(Aplf ; Np; N�) (4.2)

+Nmis(Aplf ; Np; N�)

It is important to note that Nmis and Zmis are distributions which means
that this method does not work event-wise. However, event-averaged the
method will provide the correct mass distributions. This method is con-
strained by the minimal requirement, that it should reproduce the original
fragment distribution when applied to model data, which provide the input
for the correction distributions.

In �gure 4.4a the original mass distribution of the fragments produced
by ABRABLA is shown, while �gure 4.4b shows the reconstructed mass
distribution using equation 4.2. It can be seen from these �gures that the
di�erence between the initial mass distribution and the reconstructed mass
distribution is at most 20%. For completeness, also the approach discussed in
the previous section, assuming for every detected proton that also a neutron
was emitted, has been applied to compare the e�ect of this procedure on
the model data (�gure 4.4c). From this it can be seen that already the
\simple" reconstruction method reproduces very well the shape of the mass
distribution but introduces an odd-even e�ect.

For the experimental data this will look di�erent since we do not know
the actual PPLF mass distribution and the model provides us only with
an initial guess. To avoid this problem an iterative approach is chosen
(�gure 4.3). The procedure will be sketched here stepwise:

1. From the model data the distribution functions for the reconstruction
are sampled,
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Figure 4.4: The mass distribution of the fragments produced by ABRABLA
(a), the mass distribution after reconstructing the model data with equa-
tion 4.2 (b) and the result of the \simple" reconstruction method where it is
assumed that for every detected proton also a neutron is emitted (c).

2. the charge and mass of the PPLF is calculated according to equa-
tions 4.1 and 4.2,

3. the resulting PPLF distribution is then used to generate the correction
functions, instead of the model data,

4. then steps 2 and 3 are repeated.

In �gure 4.5 the mass distribution of the PPLF is shown after every iteration
step. It is clear from the �gure that there is no dramatic change in the mass
distribution during the procedure.
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Figure 4.5: The mass distribution of the reconstructed fragments after each
iteration step.

4.2.1 E�ect of the acceptance correction on the photon mul-
tiplicity

After having established that the acceptance correction discussed in the
previous section gives good results for the mass distribution of the PPLF
we have to make sure that the photon multiplicity (M) does not depend
on the reconstruction method. We have tested this on the simulated data
by assuming a photon production probability per removed unit of mass P
= 1 and by checking whether, after the reconstruction, this value has been
modi�ed.

Figure 4.6a shows the photon multiplicity as programmed into the code.
The values for the photon production probability for transfer to the pro-
jectile and transfer to the target are both 1. After the advanced fragment
reconstruction (�gure 4.6b) the linear dependence of M on the mass dif-
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Figure 4.6: The photon multiplicity as programmed into the model-
calculation ABRABLA (a), the photon multiplicity after reconstructing the
model data with equation 4.2 (b) and the result of the \simple" reconstruc-
tion method where it is assumed that for every detected proton also a neutron
is emitted (c).

ference between projectile and PPLF is still present, however, the slopes
have changed by 25 and 12 %, respectively. These values are taken to repre-
sent the systematic error in calculating P , coming from the reconstruction
method, which is partly due to the �nite mass resolution of the method.
For comparison M has also been plotted for the \simple" reconstruction
method and, as can be seen in �gure 4.6c, the linear dependence of M on
the mass di�erence between projectile and PPLF is less strong. Also the
�tted values for P di�er much more.

The conclusions are that as well for the mass distribution as for the
photon-multiplicity the results obtained with the advanced reconstruction
method are closest to those initially generated by the model. Under the
assumption that the data do not behave di�erently, this method is also the
best to reconstruct the data.


