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The experiment
• 32S+40Ca @ 17.7 AMeV

• 32S+48Ca @ 17.7 AMeV

• 32S+48Ti @ 17.7 AMeV

• Data have been collected at INFN-LNL by means of the GARFIELD-RCO setup

• The DIC channel and in particular the isospin diffusion effect on the isotopic
composition of the QP residue and of the evaporated light particles were the 
subject of a previous work S.Piantelli et al., PRC96(2017) 034622

• A preliminary study on a particular breakup channel of the QP will be shown



The experimental setup: GARFIELD + RCO @ INFN-LNL
GARFIELD (30°-150°):
Z identification in the range 1-16
A identification for Z=1-2

RCO (5.4°-17°):
Z identification in the range 1-30
A identification for Z=1-14



Event characterization
A simulation based on the BUU code TWINGO (run up to 300 fm/c) coupled to GEMINI++ as an afterburner was used to 
characterize the events

Two classes of events can be identified :
• Fusion events (only 1 fragment at 300 fm/c)
• DIC events (2 fragments at 300 fm/c)

PRIMARY EVENTS

S.Piantelli et al., PRC96(2017) 034622

TWINGO: A. Guarnera, M. Colonna, and Ph. Chomaz, Phys. Lett. B 373, 267 (1996)



Separation between FUSION and DIC

Filtered SIMULATED DATA

S.Piantelli et al., PRC96(2017) 034622



Separation between FUSION and DIC
EXPERIMENTAL DATA

DIC

FUSION

S.Piantelli et al., PRC96(2017) 034622



Evidence of isospin diffusion in DIC: the <N>/Z of the QP residue 

The average isotopic composition 
of the QP residue depends on the 
N/Z of the target

Does the isospin diffusion 
influence the decay 
pattern of the QP?

The answer is: yes and not 
only in the isotopic 
composition of the 
evaporated particles (as 
already seen)

S.Piantelli et al., PRC96(2017) 034622



Many α in these systems

32S+40Ca is α conjugate system => the α multiplicity distribution is shifted 
towards higher values with respect to 32S+48Ca

<Mα>32S+40Ca=2.57 ±1.10-4

<Mα>32S+48Ca=2.18 ±1.10-4



Adding a 4th α to the reconstructed 12C* 
with E*< 10.5 MeV

Putting together some α in a sequential way....
3 α (2 of them forming a pair of 
minimum relative energy) 

Adding a 5th α to the reconstructed 
16O* with E* <12.5MeV

No evidence of 20Ne* levels

For 12C* the excited levels 
can be quite clearly seen 
(for E*<11MeV)

For 16O* the excited levels 
can be guessed for E*<15MeV
Less clean situation with 
respect to 12C*, more residual 
background
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Which kind of events do they belong to?

"standard" DIC selection

Mainly DIC events less 
complete than in the 
"standard" selection
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...not so different from the events where a C or an O is detected as such (cold fragments)

In both cases we are mainly looking at DIC 
events where only QP and/or its decay 
products are detected
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Effect of the isospin diffusion on the yields of α-decaying hot fragments

DIC selection, only ejectiles belonging 
to the QP phase space detected

The yields of excited 12C (with E*<10.5MeV) and 
16°(with E*<12.5MeV) decaying in α (hot 
fragments) normalized to the yields of C and O 
detected as such ("cold" fragments), all of them 
belonging to the QP phase space, are higher when 
the target is 40Ca

Effect of isospin diffusion. When the target is 40Ca the 
<N>/Z of the QP remains close to 1 => more excited α-
decaying 12C and 16O are produced 
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The partners of hot or cold C/O

Let's drop the condition ϑflow<40°, ZTOT<22

We look at the biggest fragment of the 
event (excluding the considered O/C)

We look at the c.m. relative angle ϑrel 

between the considered O/C and the 
biggest fragment of the event
In order to calculate ϑrel for hot C* and 
O* we use the c.m. of the detected α

Ztot

ϑflow

2 regions:
• ϑrel>120° =>break up of (in)complete 

fusion events 
• ϑrel < 80° => break up of the QP 
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The partners of O and C Events producing hot and cold fragments give very similar results

Significant presence of charge staggering

• ϑrel>120° (Fusion-Fission) => the partner of 
C/O is a heavy fragment

• ϑrel < 80° (QP breakup) => the partner of 
C/O is a lighter fragment
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The charge distribution of the breakup partner

The charge distribution of the 
breakup partner is very similar for 
hot and cold C fragments; 
reasonably similar for O fragments 
(More background for 16O*?)

ER charge

QP region (ϑrel < 80°): no significant 
differences in the charge distribution of the 
breakup partner among the two systems
Fusion-Fission region (ϑrel > 120°): heavier 
partners for 48Ca (n-poor system tends to emit 
more Z, as shown by the evaporation residue 
charge distribution in fusion events)
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Ratio of hot vs. cold O and C fragments in the breakup channel

Concerning the QP fission, we observe 
evidence of isospin diffusion.
The amount of α-decaying 12C* and 16O* 
in the QP fission channel depends on the 
N/Z of the target.
The n-poor target (with N=Z) favours the 
formation of α-decaying fission fragments 
for the QP breakup 

As expected, the different 
N/Z of the whole system 
influences the ratio for the 
fusion-fission channel 
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Other hot breakup fragments

Besides α-decaying 12C* and 16O* other breakup fragments can be reconstructed via particle correlations

For example:
• 14N* from 13C+p and from 10B+α
• 15N* from 14C+p
• 19F* from 15N+α
• 20Ne* from 16O+α

Correlation functions 
without breakup selection
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c.m. relative angle between the considered hot or cold fragment vs. the charge of the biggest fragment of 
the event

Hot and cold fragments 
show similar behaviour

In the QP breakup channel 
the Ne is not so abundant, 
due to the small size of the 
projectile (Z=16)
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Hot/cold fragment yields for QP breakup: comparison between n-poor and n-rich 
system
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Hot/cold fragment yields for QP breakup Zpartner Ne or Zpartner 16O α

16O α

Ne

16O+->20Ne*
16O (N=Z) and  involved:
For 32S+40Ca the ratio is higher than for 
32S+48Ca => effect compatible with the 
isospin diffusion (<N>/Z of the QP 
residue for 32S+40Ca close to 1)

The emission of  and N=Z even even 
fragments is favoured for 32S+40Ca



Hot/cold fragment yields for QP breakup Zpartner Ne or Zpartner 16O α

15N α

F The exception:
15N+ -> 19F*
Although an  is involved, 
the ratio is higher for 
32S+48Ca
Maybe this is due to the fact 
that the produced fragment 
is the odd-even 19F* and we 
start from the odd-even 15N



Hot/cold fragment yields for QP breakup

14C+p->15N*
A p is involved and an odd-
even nucleus is produced
No difference between the 
two systems
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Hot/cold fragment yields for QP breakup Zpartner Ne or Zpartner 16O α
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10B+ -> 14N* vs. 13C+p->14N*
The same excited (odd-odd) 
nucleus produced in two different 
channels
In both cases the n-poor system 
gives an higher ratio
The n-poor-n-rich difference  is 
higher when the  is involved => 
effect compatible with the 
isospin diffusion (<N>/Z of the QP 
residue for 32S+40Ca close to 1)



Hot/cold fragment yields for QP breakup

For the 32S+40Ca system some 
channels involving α-emitting 
fragments are favoured with respect 
to the system 32S+48Ca. Exception: 19F 
(but it is odd-even and it involves the 
odd-even 15N)

Since we are looking at the 
QP breakup this is a further 
evidence of isospin diffusion
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Summary and conclusions

• A preliminary analysis on a particular breakup channel for the QP in 
DIC events for the systems 32S+40,48Ca at 17.7AMeV was shown

• Hot breakup fragments have been reconstructed by means of the 
particle correlation technique

• The ratio among the events including hot and cold breakup fragments 
has been investigated. 

• Evidence of isospin diffusion has been put into evidence from the fact 
that for the neutron poor system the production of α-decaying hot 
fragments in the QP breakup is favoured
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