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About SMM Structure  Multifragmentation in spallation reactions

The sMM model

sMM = Statistical Multifragmentation Model

De-excitation mechanisms

@ Multifragmentation stage
e Thermodynamical configuration weights
e Several hot fragments

@ Secondary de-excitation (compound

nucleus)

e Fermi break-up
e Evaporation Z < 2 (Weisskopf-Ewing)
o Fission (Bohr-Wheeler)
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Incidence of multifragmentation
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Incidence of multifragmentation
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Abo Structure  Multifragmentation in spallation reactions

Multifragmentation events

Multifragmentation = 3+ hot fragments

MF probability (Niragments)

® E, (MeV) | INCL4.5 | Isabel E, (MeV) | INCL4.5 | Isabel
L 500 3.47% 0.60% 500 1.14 1.04
+ 1000 10.42% | 3.07% 1000 1.37 1.13
< 3000 16.27% | 4.51% 3000 1.59 1.17
o E, (MeV) | INCL4.5 | Isabel E, (MeV) | INCL4.5 | Isabel
o 500 0.14% 0.10% 500 1.02 1.02
+ 1000 1.18% 0.86% 1000 1.07 1.06
o 3000 10.12% | 4.32% 3000 1.41 1.18
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Results

Neutron spectra

Neutrons LCP Residue cross sections

p (800 MeV) + Fe -- Neutron spectrum
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p (1600 MeV) + Pb -- Neutron spectrum
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Neutrons LCP Residue cross sections

Neutron multiplicity distributions

Cross section, 6 (mb)

p (1200 MeV) + Fe --Multiplicity distribution

p (1200 MeV) + Pb --Multiplicity distribution
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Low-energy systems

p (62 MeV) + FeS6 - Proton spectrum p (62 MeV) + Fe36 - Alpha spectrum
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Low-energy systems

@ De-excitation <« INC
@ E < INC theoretical limit

Mancusi

Neutrons LCP Residue cross sections

d26/dQdE (mb/st/MeV)

p (62 MeV) + FeS6 -- Alpha spectrum

-+ 22° bertrand et al.

= incl45-smm

= isabel-smm

10

Emitted particle energy (MeV)

100




Results Neutrons LCP Residue cross sections

Low-energy systems

p (62 MeV) + FeS6 -- Alpha spectrum

-+ 22° bertrand et al.

10°
No pre-equilibrium clusters Sl
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@ Difficult to assess the . = jsabel-smm
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Results Neutrons LCP Residue cross sections

High-energy systems

p (1200 MeV) + Ta -- Proton spectrum p (1200 MeV) + Ta -- Deuteron spectrum
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Results

High-energy systems
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High-energy systems

p (1200 MeV) + Ta -- Alpha spectrum

75° herbach et al. -

incl45-smm =

LCP spectra
@ Yields OK within a factor of 2

isabel-smm =

@ Barriers are too sharp!
@ On the to-do list
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Results

p + °6Fe, Z distributions

Neutrons LCP Residue cross sections

P (1000 MeV) + Fe56 -- Residue mass production

p (1000 MeV) + FeS6 -- Residue charge production
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Results

p + °6Fe, Z distributions

P (300 MeV) + FeS6 - Residue charge production

Neutrons LCP Residue cross sections

p (1000 MeV) + FeS6 -- Residue charge production
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p + °6Fe, Z distributions

p (1000 MeV) + Fe56 - Residue charge production
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Results Neutrons LCP Residue cross sections

isotopic distributions
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p + °6Fe, isotopic distributions

Neutrons LCP Residue cross sections
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Results Neutrons LCP Residue cross sections

p + °6Fe, isotopic distributions
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p + 2%8Pb, Z distributions

p (1000 MeV) + Pb208 - Residue mass production p (1000 MeV) + Pb208 -- Residue charge production
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p + 2%8Pb, Z distributions

P (500 MeV) + Pb208 -- Residue charge production

p (1000 MeV) + Pb208 - Residue charge production
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p + 2%8Pb, Z distributions

p (1000 MeV) + Pb208 - Residue charge production
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Results Neutrons LCP Residue cross sections

p + 298Pb, isotopic distributions
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isotopic distributions
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isotopic distributions
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Results

p + 238U, isotopic distributions

Neutrons LCP Residue cross sections
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p + 238U, isotopic distributions
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To do

@ Multifragmentation in sMM is frequent! & Quantify the

Neutrons importance of MF

@ LCP | @ Refine CN de-excitation
Yields @ Correlations would

X Barriers make this task easier
@ Residues o Next
Fission intercomparison?
Evaporation residues
X Isospin
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Conclusions
Conclusions

@ Multifragmentation in sMM is frequent! ¢ _Quanhfy the
Neutrons importance of MF
o LCP @ Refine CN de-excitation
Yields @ Correlations would
% Barriers make this task easier
. o Next
° Resfge_s intercomparison?
ISSIon y
Evaporation residues
X Isospin
Thank you!
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