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OUTLINE:

• Scientific motivation

• The experiment

• Analysis results: 
• Same beam velocity;
• Same CN excitation energy.



Scientific Motivation

• ELASTIC (or EXCLUSIVE) BREAKUP: 
𝒂 + 𝑨⟶ 𝒃+ 𝒙 + 𝑨𝒈𝒔, 𝑤ℎ𝑒𝑟𝑒 𝑎 = 𝑏 + 𝑥

• NON-ELASTIC (or INCLUSIVE) BREAKUP:

• INELASTIC BREAKUP: 
𝒂 + 𝑨⟶ 𝒃+ 𝒙 + 𝑨∗

𝒂 + 𝑨 ⟶ 𝒃∗ + 𝒙 + 𝑨𝒈𝒔
• PARTICLE TRANSFER: 
𝒂 + 𝑨⟶ 𝒃+ 𝑩,𝑤ℎ𝑒𝑟𝑒 𝐵 ≡ 𝐴 + 𝑥 ≡ 𝑏𝑜𝑢𝑛𝑑 𝑠𝑦𝑠𝑡𝑒𝑚
• INCOMPLETE FUSION:
𝒂 + 𝑨 ⟶ 𝒃+ 𝑪,𝑤ℎ𝑒𝑟𝑒 𝐶 ⟹ 𝑑𝑒𝑐𝑎𝑦 𝑒𝑚𝑖𝑡𝑡𝑖𝑛𝑔 𝛾 𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

• COMPLETE FUSION: 

𝒂 + 𝑨 ⟶ 𝑪𝑵⟹ 𝑑𝑒𝑐𝑎𝑦 𝑒𝑚𝑖𝑡𝑡𝑖𝑛𝑔 𝛾 𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝒂 + 𝑨 ⟶ 𝒑𝒓𝒆𝒆𝒒𝒖𝒊𝒍𝒊𝒃𝒓𝒊𝒖𝒎 𝒑𝒂𝒓𝒕𝒊𝒄𝒍𝒆𝒔 + 𝑰𝑪𝑵⟹
𝑑𝑒𝑐𝑎𝑦 𝑒𝑚𝑖𝑡𝑡𝑖𝑛𝑔 𝛾 𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
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ACLUST2 experiment
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• TARGET CONTAMINATION

~𝟓𝟎% AO in Si-target

~𝟑𝟎% AO in Al-target

• COMPLETE EVENTS SELECTION

𝐙𝐝𝐞𝐭𝐞𝐜𝐭𝐞𝐝
𝐭𝐨𝐭 = 𝐙𝐩𝐫𝐨𝐣 + 𝐙𝐓𝐚𝐫𝐠 = 𝟐𝟐

uncontaminated events 0.8% of the total 
events

• COMPARISON with MODELS

Statistical (GEMINI++) & Dynamical (AMD & HIPSE) codes

Simulated events are:

• filtered with a software replica of the 
experimental setup;

• selected in the same way of the 
experimental data.

ACLUST2 data selection
Longitudinal Momentum vs. 

Total Charge
Charge vs. 
lab Energy

Experimental Data: TOTAL EVENTS

Simulated Data: RESIDUES



RESULTS for the 3 reactions @ 7 AMeV
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RESULTS for the 3 reactions @ 7 AMeV

RESIDUE
16O 18O 19F

EXP G++ EXP G++ EXP G++

Al 0,2% 0,06% 1,1% 0,4% 2% 0,8%

Si 0,7% 0,9% 3% 2% 4% 3%

P 4% 3% 11% 6% 12% 9%

S 13% 10% 27% 20% 28% 25%

Cl 36% 27% 49% 44% 48% 50%

Ar 61% 65% 58% 65% 55% 62%

K 55% 68% 38% 49% 37% 40%

Ca 25% 23% 12% 13% 12% 10%

Sc 5% 2% 2% 0,7% 2% 0,4%

Normalized to total
number of residue

Experimental Charge Distribution

Percentage of each residue 
respect total number of residues
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RESULTS for the 3 reactions @ 7 AMeV
Experimental Multiplicity
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Experimental Multiplicity
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RESULTS for the 3 reactions @ 7 AMeV

RATIO (EXP/G++) of Yields vs. Multiplicity

p-a complementary 
behavior in agreement with 
found Branching Ratios in 

exclusive channels
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RESULTS for the 3 reactions @ 7 AMeV                            

Experimental Angular Distribution
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RESULTS for the 3 reactions @ 7 AMeV                            

Experimental Angular Distribution
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RATIO (EXP/G++) of Yields vs. Ang. Distr.



RESULTS for the 3 reactions @ 7 AMeV

a-particles Energy Spectra: Exp. vs. G++
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RESULTS for the 3 reactions @ 7 AMeV
9

Ratio of a-particles yields in exclusive channels



RESULTS for the last reaction: 16O+30Si@8 AMeV
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RESULTS for the last reaction: 16O+30Si@8 AMeV

Experimental Charge Distribution
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Experimental Multiplicity

RATIO (EXP/G++) of Yields vs. Multiplicity



RESULTS for the last reaction: 16O+30Si@8 AMeV

Experimental Charge Distribution
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Experimental Multiplicity

RATIO (EXP/G++) of Yields vs. Multiplicity
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RESULTS for the last reaction: 16O+30Si@8 AMeV

Experimental a Angular Distribution

RATIO (EXP/G++) of a Yields vs. Ang. Distr.
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RESULTS for the last reaction: 16O+30Si@8 AMeV

Experimental a Angular Distribution

RATIO (EXP/G++) of a Yields vs. Ang. Distr.
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RESULTS for the last reaction: 16O+30Si@8 AMeV

Experimental a Angular Distribution

RATIO (EXP/G++) of a Yields vs. Ang. Distr.
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a-particles Energy Spectra: Exp. vs. G++



RESULTS for the last reaction: 16O+30Si@8 AMeV
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Ratio of a-particles yields in exclusive channels



Summary
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reactions at same 𝑣beam (7AMeV):
16O+30Si   18O+28Si   19F+27Al   @7AMeV

reactions at same ECN
∗ (98,5MeV):

16O+30Si@8AMeV   18O+28Si@7AMeV

EXP. GLOBAL VARIABLES:

• Z distribution
• Multiplicity

Expected behavior

• Angular Distribution
Dependence on vCN of the A.D. behavior

Strong over-production of α at very forward angles

COMPARISON WITH 
STATISTICAL MODEL (RATIO):

• Multiplicity Underestimation of high multiplicity α

• Angular Distribution

Dependence on ECN
∗ and/or η of α

forward overproduction
Dependence on η and/or 𝑣beam

overproduction

Forward α over-production for Zresidue > 17

• Energy Spectra
Yields underestimation (higher as ECN

∗ decreases) 

Shape reproduction 16O → signature of pre-equilibrium onset



BRANCHING RATIO of  the most populated exit channels
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𝒏 are not detected => all channels include possible 𝒏



BRANCHING RATIO of  the most populated exit channels
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𝒏 are not detected => all channels include possible 𝒏



BRANCHING RATIO of  the most populated exit channels
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Conclusions
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Analysis and comparison of 4 reactions

3 at same 𝑣beam (7AMeV):
16O+30Si   18O+28Si   19F+27Al   @7AMeV

2 at same 𝐄𝐂𝐍
∗ (98,5MeV):

16O+30Si@8AMeV   18O+28Si@7AMeV

Experimental α-overproduction at forward angles (yields) respect statistical 
predictions

The highest is for 16O @ 7 AMeV.
16O @ 8 AMeV

onset of pre-equilibrium

𝐄𝐂𝐍
∗ dependence of the B.R. trend.

EXP. vs. GEMINI++:

• ODD RESIDUES: trends and yields are well reproduced by 
statistical model;

• EVEN RESIDUES:
• trends are reproduced;
• HIGH DISCREPANCIES in the reproduction of yields 

in pure α (+𝑥𝑛) exit channels.

seems to be higher for 16O @ 7 AMeV,
but in comparison with model the
discrepancies have the same trend for
all the reactions.

Statistical model DON’T REPRODUCE
light nuclei => may be due to the
important rule of the structure.



Thank you for the attention!!



M. Cicerchia - NSD 2019 - May 13, 2019 - Venice, Italy 27



Spares



RESIDUES
GEMINI++

filtered with a software 
replica of the 

experimental setup
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RESIDUES
GEMINI++

filtered with a software 
replica of the 

experimental setup
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𝒗𝑪𝑴



Multiplicity
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Multiplicity

F
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RATIO EXP AMD

M. Cicerchia - NSD 2019 - May 13, 2019 - Venice, Italy 35



RATIO EXP HIPSE
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Energy spectra
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multiplicity
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Energy spectra
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Energy spectra
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Ang Distr: G11
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Ang Distr: AMD
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Ang Distr: HIPSE
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Ratio Angular Distribution in exclusive 
channels

PROTON

a-PARTICLES
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RESULTS for the 3 reactions @ 7 AMeV
9

Difference of a-particles Angular Distribution in 
exclusive channels Ratio of a-particles Angular Distribution 

in exclusive channels



BR @ 7 MeV exp and Ggeo and AMD
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RESULTS for the 3 reactions @ 7 AMeV
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Branching Ratios of  
the most populated 

exit channels

16O 18O 19F
EXP G11 AMD EXP G11 AMD EXP G11 AMD

BR(%) err BR BR(%) BR(%) BR(%) err BR BR(%) BR(%) BR(%) err BR BR(%) BR(%)

Sc+1p 92 2 90 73 88 2 87 29 88 2 84 20

Ca+1α 76,6 0,9 29,6 8,5 60,4 0,6 13,4 5,7 53,4 0,6 9,8 10,7

Ca+2p 19,8 0,3 60,9 82,6 30,7 0,4 70,8 83,6 35,6 0,4 71,5 77,6

K+1p+1α 91,8 0,8 91,7 72,3 85,9 0,5 80,8 49,6 83,3 0,5 74,5 44,1

Ar+2α 63,7 0,7 28,9 12,7 39,6 0,3 12,4 4,8 34,8 0,3 8,6 3,7

Ar+2p+1α 30,6 0,4 64,3 79,8 50,0 0,3 75,8 84,0 52,5 0,3 77,4 83,0

Cl+1p+2α 86,4 1,5 91,3 84,3 81,4 0,6 84,5 67,4 76,8 0,6 79,6 61,3

S+3α 83 2 68 53 60,3 0,7 39,8 24,3 50,1 0,6 28,3 16,3

S+2p+2α 8,7 0,5 9,1 25,2 28,9 0,4 31,2 55,5 37,5 0,5 43,0 63,8

P+1p+3α 49 4 30 37 71,0 1,4 51,9 57,1 73,5 1,3 60,1 63,1

P+3p+2α 0,4 0,2 0,0 0,3 0,49 0,07 0,17 2,47 1,10 0,09 0,70 42,37

P+2α+Li 12,6 1,7 0,5 1,5 7,7 0,3 1,5 1,7 6,8 0,3 1,6 3,2

P+1p+1α+Li 4,0 0,8 1,9 2,4 4,6 0,2 5,7 5,2 4,3 0,2 7,2 1,6

P+1α+B 33 3 67 58 11,0 0,4 36,1 27,6 7,5 0,3 23,3 4,3

Si+4α 81 9 67 56 71 2 49 45 62 2 43 20

Si+2p+3α 1,6 0,8 0,0 1,6 5,1 0,4 2,2 8,7 9,4 0,5 4,0 46,3

Si+2α+Be 9 2 9 9 7,6 0,5 6,1 7,0 7,0 0,4 6,8 11,9

Si+1p+1α+B 6 2 23 31 12,3 0,6 40,1 33,0 13,6 0,6 40,9 4,0

Al+1p+4α 27 15 0 8 32 3 12 29 39 3 25 45

Al+2α+B 50 24 100 92 47 5 84 65 36 3 63 46
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• …
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