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Reaction mechanisms : Experiment vs. Calculation 
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50%  

Real experimentalist 

Way to talk:     Experimental Result  →  Model  →  Deficiency 

 

• Fusion-Fission 
238U(24 MeV/u)+Be,C  

GANIL 

 

• In-flight fission,  

projectile fragmentation 
238U(345 MeV/u)+Be,Pb  

RIKEN 

 

• Projectile fragmentation 
76Ge, 82Se (140 MeV/u)+Be,W  

MSU 

 

• “Double” projectile  

fragmentation 
48Ca, 70Zn (345 MeV/u)+Be  

RIKEN 

50%  

Unreal* theorist 
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Introduction  LISE++   Production & Separation 
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The LISE++ package which includes also the PACE4, Global, Charge, Spectroscopic calculator codes 

 can be downloaded freely from the following site: http://lise.nscl.msu.edu. 

The program LISE++  is designed to predict intensities and purities for the planning of experiments with in-

flight separators, as well as for tuning experiments where the results can be quickly compared to on-line data. 

O. B. Tarasov and D. Bazin, Nucl. Instr. Meth. B 266 (2008) 4657 

http://lise.nscl.msu.edu/


Example of set-ups in LISE++ 
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Darek,  

what is about 

FMA?  
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Sketch of  main production mechanisms for RIB 
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Yield  in target can be simulated in inverse kinematics 

Yield  in target can be simulated in inverse kinematics 



Sketch of  main production mechanisms for RIB 
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LISE++  for  theorists  
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2. Fusion-Fission 
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Fusion-Fission is a new reaction mechanism for rare beam production 
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The LISE++ fusion-fission model [1]  has been developed to estimate secondary beams 

intensities based on:  
 

 The Bass algorithm to estimate complete fusion cross section [2], 

 The fast analytical evaporation model LisFus [3] to calculate a fission channel value and de-excitation 

of fission fragments.  

 The semi-empirical model of J.Benlliure [4] which describes fission properties of a large number of 

fissile nuclei are a wide range of excitation energies. 

 

 
[1] O.T. and A.C.C.Villari, NIM B 266 (2008) 4670. 

[2] R.Bass, Phys.Rev.Lett. 39 (1977) 265. 

[3] O.T. and D.Bazin, NIM B 204 (2003) 174.  

[4] J.Benlliure et al., Nucl.Phys. A628 (1998) 458. 

 

 

 

Main features of the model: 

• Production cross-section of fragments 

• Kinematics of reaction products 

• Spectrometer tuning to the fragment of interest optimized on maximal yield  

(or on good purification) 



Towards the neutron drip-line via Fusion-Fission 
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Fig. Two-dimensional yield plot for fragments produced in 

the 238U (20 MeV/u,1pnA) + D (12 mg/cm2) reaction and 

separated by SISSI + Alpha 

A experiment to show separation and 

identification of fusion-fission products 

has been performed using the LISE3 

fragment-separator at GANIL.  

Advantages of in-flight fusion-fission to explore  

neutron-rich 55 < Z < 75  region are comparing to AF & CF: 

•  the heavier fissile nucleus competing with abrasion-fission (Z < 92),  

•  the higher excitation energy of a fissile nucleus competing with 

Coulomb fission of the 238U primary beam. 

 

 

Using low energy fusion-fission beams:  

• Several tens of new* isotopes  are expected to be produced in the 

region 55 < Z < 75 using a 238U beam with light targets according to 

the LISE++ Fusion-Fission model, 

• Properties of these new nuclei allow to test nuclear models,  

in particular to understand the r-process abundance patterns, 

• Reaction mechanism study. 

 

 

Open Questions:  

• What is optimal conditions, for example the energy of primary beam, 

the target material, thickness and so on? 

• How reliable are simulations? Intensities, purification? 

• What are contributions from other reaction mechanisms?  

• Separation, Identification, Resolution? 

 * in 2008 
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Fusion-Fission experiment in inverse kinematics @ LISE separator 

• A 238U beam at 24 MeV/u with a typical intensity of 109 pps was used to irradiate a series of  Be & C targets 

• The beam was incident at an angle of 3° in order not to overwhelm the detectors with the beam charge states 

• Preliminary detectors calibration with the primary beam, then particle identification has to be  proved by gamma from 

know isomers 

 

GANIL e547 

 
Spokesperson: O.Tarasov 

 

Preliminary arxiv.org:1302.1981 

By O. Delaune, F. Farget, et al. 

• The experiment demonstrated excellent resolution, in Z, A, and q.  

• The results demonstrate that a fragment separator can be used to 

produce radioactive beams using fusion-fission reactions in 

inverse kinematics,  

• In-flight fusion-fission can become a useful production method to 

identify new neutron-rich isotopes, investigate their properties and 

study production mechanisms.  

O.Delaune,2  F.Farget,2  O.B.T.1, A.M.Amthor,2   B.Bastin,2  D.Bazin,1   B.Blank,3  L.Caceres,2  A.Chbihi,2  

B.Fernandez-Domnguez,4  S.Grevy,3  O.Kamalou,2  S. Lukyanov,5 W.Mittig,1,6  D.J.Morrissey,1,7  J.Pereira,1   

L.Perrot,8  M.-G.Saint-Laurent,2   H. Savajols,2   B.M.Sherrill,1,6 C. Stodel,2 J. C. Thomas,2   A. C. Villari9 

1 National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, MI 48824, USA 
2 Grand Accélérateur National d'Ions Lourds, CEA/DSM-CNRS/IN2P3, F-14076 Caen, France 
3 CENBG, UMR 5797 CNRS/IN2P3, Université Bordeaux 1, F-33175 Gradignan, France 
4 Universidade de Santiago de Compostela, E-15782 Santiago de Compostela, Spain 
5 FLNR, JINR, 141980 Dubna, Moscow region, Russian Federation 
6 Department of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, USA 
7 Department of Chemistry, Michigan State University, East Lansing, MI 48824, USA 
8 IPN Orsay, CNRS/IN2P3, F-91406 Orsay, France 
9 Facility for Rare Isotope Beams, Michigan State University, East Lansing, MI 48824, USA 
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Elemental distributions of fission fragments 

Preliminary!!! 

Be 

C 

We need a fast analysis of  partial cross sections!! 

Two light targets (A=9 & 12) at the same beam energy,  

but why so different distributions?  
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Update of Fusion mechanism in LISE++ 

v.9.10.54 
from 04/25/2015 

Projectile Fragmentation and Abrasion-Fission are dominated reaction mechanisms in LISE++ for rare 

beam production, where we are developing our own models 

 

Do not hesitate to use Low-Energy reaction computing centers as NRV  for more sophisticated 

solutions with Channel Coupling, Langevin  equations and so on 

See details @ 

LISE++ Update of Fusion reaction 

mechanism 
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf 

Fusion or 

 Quasi-Elastic? 

Compound or 

Quasi-Fission? 

Capture  or 

Fast Fission? 

Fusion-Evaporation 

 or Fusion-Fission? 

Capture  or 

Deep-Inelastic? 

http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
http://lise.nscl.msu.edu/9_10/9_10_Fusion.pdf
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Fission Barrier Vanishing as f(L) 
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Transmission for a barrier & CN formation probabilities as f(L) 

fission 

evap 

Lcritical 
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Potential energy and Partial cross sections 
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Output channels in the e547 experiment :  238U (24 MeV/u) 

Compound fission ~100% 

Fissile Z = 96 

High Excitation Energy 

Sequential fission after DIC 

Fissile Z < 92 

High Excitation Energy 

Partially go to fission 

Fissile Z~92 

Low Excitation Energy 
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 e547 experiment : Be vs. C targets 

Carbon target.. 50% split… Why? 

This is due to difference of moments of inertia between 

C+U and Be+U just above where fission barrier go to zero 
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 e547 experiment: results interpretation  

Be 

C 

QE-channel partially goes to Low-excitation fission 

Preliminary!!! 
Be-target C-target 

 Three main channels with earlier 

discussed parameters were used in fitting  

 Reaction positions and widths were used 

the same in both case during fitting 

process except FF positions (48 and 49) 

 From fitting results it follows, that Fusion-

fission dominates in the case of Be-target, 

and sequential fission in the case of  C-

target 

 New LISE++ partial cross section analysis 

fairly describes experimental results 

 Significant distinction in elemental 

distributions of fragments produced with 

two different light target is explained by 

larger DIC component with C-target due to 

fission barrier vanishing 

 Fusion-Fission mechanism is 

responsible in  both cases for High-Z 

isotope production (Z>60) 



09/02/15  ---  OT @ ECT.Trento.Italy 21 

 Sophie’s talk 

QF 

FA 
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3. Abrasion-Fission 
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3.1 Abrasion reactions:  

models 

23 



Abrasion reactions  :  LISE++ de-excitation channels 

projectile 

target 

Abrasion - Evaporation 

Abrasion - Fission 

Abrasion - Breakup 

De-excitation  Collisions Reaction 

channel 

 

Abrasion – peripheral Projectile  

Evaporation  fragmentation 
Abrasion – Ablation 

 

 

Abrasion –  peripheral  In-flight fission 

Fission   Projectile fission 

 

Abrasion –   central  Multi- 

Breakup  fragmentation 

Nuclear charge yields for different de-excitation 

channels after 238U(1AGeV) abrasion on a Be-target. 
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Details on Abrasion-Ablation 

25 

abrasion ablation 

Projectile 

82Se 

Target 

9Be 

Initial 
prefragment 

68Ti* 

Final 
fragment 

54Ca 

 The LISE++ AA model is initially based on the version of J.-J.Gaimard and K.H.Schmidt, NPA531 

(1991) 709 

 The LISE++ AA model is analytical, that allows to calculate low cross sections of very exotic nuclei 

 The Abrasion-Ablation approach meets three principal difficulties  

a. Determination of Excitation energy parameters (models) for each reaction  

b. Plenty of other parameters 

c. Suggesting negligible contribution of dissipation processes during abrasion  

(it can be true at high energies with light targets) 

 

 Four excitation energy models are implanted in the code 

 The Ablation step (Evaporation cascade) uses a mass table to obtain separation energies 

 



Example :  216Fr,  E*=50 MeV,  s=1barn    206Bi 



Abrasion-Fission 

projectile 

target 
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 ABRABLA : Abrasion-Ablation Monte Carlo  

 J.-J. Gaimard, K.-H. Schmidt, Nucl. Phys.  A 531 (1991) 709.  

  PROFI : semi-empirical fission Monte-Carlo code  

 J. Benlliure, A. Grewe, M. de Jong, K.-H. Schmidt, S. Zhdanov,  

 Nucl. Phys. A 628 (1998) 458 

 LISE++ 3EER Abrasion-Fission model (analytical) 

 O.T., Tech. Rep. MSUCL1300, NSCL, Michigan State University, 2005 

  http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf 

http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf


Abrasion-Fission : ocean of fissile nuclei 



Abrasion-Fission : ocean of  hot fissile nuclei 



Three-excitation-energy-region model 

Splitting 1000 fissile nuclei on 3 regions based on their excitation energy, 

Getting mean A,Z,E* values based on their cross sections 



Fission excitation functions 



Abrasion-Fission : 3 EER model 

Describes well intense final fragments 



1 
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3.2 Abrasion fission:  

experiment 

33 



Reaction mechanisms : Experiment vs. Calculation 

09/02/15  ---  OT @ ECT.Trento.Italy 34 



238U + Pb (1.5 mm) at 345 MeV/u 

Br = 7.249 Tm 

238U + Be (7mm) at 345 MeV/u 

Br = 6.992 Tm 

In-flight fission of 238U with Be and Pb targets 

Abrasion fission Coulomb fission 

Courtesy of T.Kubo (BigRIPS, RIKEN) 



Production rates by 238U + Be(7mm) at Br = 7.249 Tm 

Br = 7.2 Tm±1% 

Z =  
20 22 24 26 28 30 

32 
34 36 38 40 

42 44 46 48 
50 

21 23 25 27 29 
31 

33 35 37 39 
41 

43 45 
47 49 

Br (Tm) 

Yi
el

d
 

70Ni 

72Ni 

74Ni 

76Ni 

78Ni 

By LISE++ 

+16% 

+9.8% 

+4.0% 

FWHM=21% 

76Ni 
70Ni 

1 setting, no energy degraders used 

LISE++ Abrasion-Fission Fairly good reproduction 

Courtesy of T.Kubo (BigRIPS, RIKEN) 09/02/15  ---  OT @ ECT.Trento.Italy 36 

LISE++  : Cross Sections  & Kinematics & Separation 



Search region of the new isotope search experiment 

N = 100 
New isotopes observed at RIBF in 2011 (26) 

Z = 60 (Nd) 

Z = 70 (Yb) 

N = 128 

180Er setting 

161Pr setting (2014) 

159Pr setting (2011) 

168Gd setting (2011) 

Selected isomers for isomer tagging among new isomers in 2011 

Known isomers used for isomer tagging in 2011, 2013 

2 settings: 161Pr setting and 180Er setting 

161Pr (2014) 

Be 4 mm, Br01 = 7.525 Tm 

161Pr (2011) 

Be 4 mm, Br01 = 7.306 Tm 

180Er (2014) 

Be 7 mm, Br01 = 6.300 Tm 

168Gd (2011) 

Be 5 mm, Br01 = 6.950 Tm 
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Based on GSI & RIKEN experimental data 

New Reaction Mechanism 

Settings for the 2014 

experiment 



PID plot for 161Pr Setting 

 

Accumulation of runs: 

1023-1037, 1043-1092 

Total : 54.8 hours 

 

PRELIMINARY for  2014  

 

New Isotope : 13 nuclides 
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147I 

162Pr 

164Nd No attenuator, 

I=10-15 pnA 
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BigRIPS  group  

courtesy 



161Pr : LISE++ vs. Experiment (using wedge) 
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3.3 Competition between  

A-Fission & P-Fragmentation 

41 



Abrasion-Fission 

vs. 

Projectile 

Fragmentation 

(Abrasion- 

Ablation)  
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Abrasion-Fission 

Abrasion-Ablation 



Projectile fragmentation : Z=76 fragments 
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~199-200 



~196 

Projectile fragmentation : Z=76 fragments 
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200 

We need primary cross sections with thin target!!  E9063 @ MSU  

LISE++ 

GSI 

??? 

Should be the 

plateau in 

experiment!! 

~196 

J.Kurcewicz et al.,  

PLB 717 (2012) 371 

174 
202 



Comparison LISE++  AF & AA cross sections 

For what reaction products do you tune your separator?? 

Very different kinematics of PF and AF 
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4. Projectile Fragmentation 

47 



Projectile fragmentation 
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projectile 

target 

 Cross sections for projectile fragmentation 
 

 EPAX parametrizations [1] based on 

fragmentation data 

 

 LISE++ Abrasion-Ablation model (analytical) [2] 

 

 Possibility to input cross sections manually via file 

 

 

 ABRABLA : Abrasion-Ablation Monte Carlo [3] 

 COFRA : a simplified, analytical version of 

ABRABLA, which only considers neutron 

evaporation from the pre-fragments formed in the 

abrasion stage [4].  

 Intra-nuclear Cascade Models, e.g. ISABEL [5]  

References: 

 

[1] K. Summerer, B. Blank, Phys. Rev. C 61 (2000) 034607;   

      K. Summerer, Phys. Rev. C 86 (2012) 014601 

[2] O. Tarasov, D. Bazin, Nucl. Instr. and Meth. B 204 (2003) 74. 

[3]  J.-J. Gaimard, K.-H. Schmidt, Nucl. Phys.  A 531 (1991) 709.  

[4]  J. Benlliure , et al. Nucl. Phys.  A 660 (1999) 87. 

[5]  Yariv and Fraenkel,Phys. Rev. C20 (1979) 2227. 



09/02/15  ---  OT @ ECT.Trento.Italy 49 

Production cross sections → Qg- systematics        

O.T. et al., Phys.Rev. C 75, 064613 (2007) 

48Ca(140MeV/u) + W,Be  

A simple systematic framework 

was found to describe the 

production cross sections 

based on thermal evaporation 

from excited prefragments that 

allows extrapolation to other 

weak reaction products. 

Compilation with data from  M. Mocko et al.,  

Phys. Rev. C 74, 054612 (2006) 
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76Ge (130 MeV/u)   → new isotopes, CS, momentum distributions 

Qg systematics → Possible new island of inversion ? 

OT et sal., Phys.Rev.Lett. 102, 142501 (2009) :  New isotopes, Evidence for a Change in the Nuclear Mass Surface 

OT et sal., Phys.Rev.C.      80,  034609 (2009) :  Set-up, cross sections, momentum distributions 

OT et sal., NIM A              620, 578-584 (2010) :  A new approach to measure momentum distributions 

50Cl, 53Ar, 55,56K, 57,58Ca, 59,60,61Sc, 
62,63Ti, 65,66V, 68Cr, 70Mn  

Enhanced cross sections might be the 

result of increased binding  

 

This region (around 62Ti) was previously 

predicted to be a new island of inversion 
B. A. Brown Prog. Part. Nucl. Phys. 47 (2001) 517 

“Calcium anomaly” 
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64Ti, 67V, 69Cr, 72Mn 
70Cr 1event  & 75Fe 1event 

82Se (139 MeV/u)   → new isotopes, CS, momentum distributions 

Qg systematics → Confirmation of Calcium anomaly 

N(sW) =90  

N(sBe)=330 

N(ds/dp)=126 

Confirmation of the Calcium anomaly….  

Beam E (MeV/u) I (pna) N/Z 

82Se 139 35 1.412 

76Ge 130 20 1.375 

DN / DZ=2 

So, what is “Calcium anomaly” ?  

Reaction property or  

Nuclear structure feature? 
 

It should be checked with another beam 
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2013 :    Calcium anomaly as shell effects close to drip line 

The measured cross sections were best reproduced by using masses  derived from the full pf  shell-model 

space with the GXPF1B5 [1] effective interaction modified to a recent 54Ca Ex(
2+

1 ) measurement [2]. 

 

The “Calcium anomaly” can be explained with a shell model that predicts a subshell closure 

at N = 34 around Z = 20. 
 

 
[1] M. Honma, T. Otsuka, B. A. Brown, and T. Mizusaki, Eur. Phys. J. A 25, Suppl. 1, 499 (2005) 

[2] D. Steppenbeck et al.,  Nature 502, 207 (2013) 



Qg systematics, Two-neutron separation energy 

Experimental masses: 

A.T. Gallant et al., Phys. Rev. Lett. 109, 032506 (2012) 

F. Wienholtz et al., Nature 498 (2013) 346 



Global trends of cross sections 

No such dump with other theoretical models 



LISE++  Abrasion-Ablation model 

The Abrasion-Ablation 

model is very sensitive 

to the input mass values 

for the most exotic nuclei. 

 

 

 

 

 

Different mass models as 

• HFB9,  

• HBF17,  

• KTYU 

• TUYY 

• AME2003 

• AME2012 

• GXPF1B,  

• GXPF1B5 

were used in LISE++  

Abrasion-Ablation 

excitation energy 

minimization procedures 

to compare with the 

experimental data 
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Abrasion-Ablation:  Excitation energy 

The best result to 

describe the experimental 

data of isotopes of 

elements 16<Z<24 has 

been obtained with  

GXPF1B5 (+ LDM0) at  

E*=15.0 (s=9.15) MeV  

  

GSI: 

 
40Ar beam:  

<E>= 13.3 MeV   

NPA  531 ,709  (1991) 

 
238U beam: 

<E>= 27 MeV (K.H.S.) 

E 

s 
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Varying masses for Abrasion-Ablation benchmarks 

Let’s increase  (decrease) 60Ca and heavier isotopes mass excesses by 2 MeV 

 (or decreased [increased] neutron separation energies ) 
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Influence  of de-excitation chain precedent isotopes masses on 

 “daughters” production cross sections 

Expected  

Cross section 

 changes 

The separation energies of these  

isotopes have not been changed 

1. Separation energy 

changes influence 

drastically of cross 

section close to the 

drip-line (this 60Ca 

example ) 

 

 

2. Residue  cross 

section depends 

how much bound 

are preceding 

isotopes  
 

 

3. Deviations in cross 

sections are not just 

indicators for local 

low separation 

energies (as 31Ne, 
37Mg), but also might 

provide information 

about shell effects 

close to the neutron 

drip-line 
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LISE++ Abrasion-Ablation: Input channels 

59 

82Se + Be → 74Ga* 

n 

a 

p d t 

1. Largest incoming contribution to the Total excitation function is 1n-channel 

2. Largest incoming contribution to the Residue cross section is 1n-channel 

Residual cross section is integration of 

the excitation function from 0 to the 

minimum of separation energy 
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Oxygen “anomaly” 

60 

NSCL/MSU 
48Ca (140 MeV/u)  + Ta 
O.T. et al., Phys.Rev. C 75, 064613 (2007)  

GANIL 
36S (75 MeV/u)  + Be 
O.T., Thesis 1999, 

Phys.Lett. B  409, 64-70 (1997)  

Oxygen isotopes are more particle bound Oxygen isotopes are less produced 

? 

17 

17 

26 

26 

27 

27 
23 

23 
24 

24 
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Oxygen “anomaly” :  no particle-bound isotopes above 24O 

61 

• No particle bound preceding isotopes of the same element, 

So “excitation energy train” cannot be slow down 

 

• Absence of excited bound states? 

Oxygen isotopes are  

more particle bound, 

but less produced !? 
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LISE++ AA: Initial prefragments plot  for final residue 54Ca 

62 

More probable prefragments are Ti-isotopes (dZ=2) 

a
b
ra

s
io

n
 

ablation ablation 

82Se + Be 
76Ge + Be 
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Initial prefragments to produce Calcium isotopes 

63 

Region of interest  

“Calcium anomaly” 



68Ti*  54Ca 
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Probability (dZ=2) 

 t^2 = 6.8e-4 

    a = 3.6e-3 

p^2 =8.7e-5 

Probability for 68Ti*(Ex=180MeV) 

t = 2.6e-2 

a = 3.6e-3 

p =9.3e-3 

It is necessary to create the MC 

version to gate for 54Ca residual in 

order to answer where (**Ti  **-4Ca) 

de-excitation by charge particles is 

more probable 

55Ca  54Ca 

Main channel to residue 

First, it‘s Charge particle emission, 

Then neutron cascade  
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Excitation functions    A=48-68    (E*
0 = 15 MeV ) 

LISE++ AA 
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Excitation functions    A=48-68    (E*
0 = 15 MeV ) 

Zoom 

Excitation energy shift 
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De-excitation process  &  excitation energy of daughter nucleus: 

Excitation energy shift 

A 

B 

sres 

1. S1n(
58Ca)=3.2 MeV : 

s(S1n)=B is moving to 

E*=0 for 57Ca excitation 

function   
57Ca: ds(0)/dE = B  

 

 

 

2. Let’s assume 

S1n(
58Ca)=0 MeV, then 

in the first rough 

approach : 

 

ds(0/dE)=A is the same 

value @ E*=0 for 57Ca 

 
57Ca: ds(0)/dE ~ A   

 
57Ca: ds(2.6)/dE ~ B  

 

 

 

58Ca: ds(0)/dE = A   

 
58Ca: ds(3.2)/dE = B  

“Excitation  energy train”  : 

 beforehand it is necessary to 

slow down in order to stop it  

on your station 



09/02/15  ---  OT @ ECT.Trento.Italy 68 

Excitation energy several times shifts by Sn 

 Sn(A,Z) = BEmax (Z) – BE (A,Z) 

Lets call dBE as 

dBE (A,Z) = BEmax (Z) – BE (A,Z) 

BEmax (Z=20) 

BE (A=50, Z=20) 

d
B

E
 (

A
=

5
0

,Z
=

2
0

) 
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Residue Cross Section of neutron-rich isotopes 

s (Z,N) =  f [ dBE(Z,N), Sn(Z,N)] 

Sn(Z,N)   minimum separation energy 

 

dBE(Z,N)  difference between the maximum biding 

energy for isotopes (Z) and binding 

energy of the nucleus (Z,N) 

sres 

dBE(Z,N) dBE(Z,N-1) 

1. s (Z,N) ~ [dBE(Z,N)+a1)]
 a2 * Sn(Z,N) 

 

If Sn(Z,N)  ≤ 0, Then s (Z,N) = 0,  

whereas Qg or BE/A  systematics show unbound nuclei 

 

 
Or Using dBE(Z,N-1)  = dBE(Z,N) + Sn(Z,N), 

 

2. s (Z,N) ~ dBE(Z,N-1) 

 
 If Sn(Z,N) →0 it becomes incorrect 
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d_BEsn  Cross Section Systematic  vs. Experiment 

CS ~ a * dBEsn 9 

No two slopes behavior 
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d_BEsn  Cross Section Systematic  with different Mass Models vs.  
82Se Experimental Data 

Where d000 is GXPF1B, 

And d050 is GXPF1B5 

* 106 

* 105 

* 104 

* 103 

* 102 

* 101 

16 
17 

18 

19 

20 
21 

22 
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dBE distributions :  ME value variations 
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dBE distributions in LISE++ : GXPF1B5 

59Ca 



dBE-systematics  issues 
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 Deduced, not assumed 

 Start energy point 

 Unbound nuclei are out of the systematics 

 Can be used for other reaction mechanisms, where neutron rich nuclei are produced after 

emission large number of neutrons 

 No parameters (for dBEsn), the same slope? 

 No needs for any odd-even corrections and so on 

 

 

 Unknown isotopes cross section predictions (mass model dependent) using experimental 

CS data 

 Indication for particle stability of nuclei from agreement experimental CS data with  

theoretical models 

 

 Works only for regions where neutron de-excitation dominates (de-excitation neutron train) 

 In the case of very small Sn the dBE-systematics has to be used instead dBEsn 

 Secondary reactions vs. dBE systematics (next slide) 



1 
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4.1 Anomaly observation 

75 
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“Calcium anomaly” observation 

76Ge 82Se 



09/02/15  ---  OT @ ECT.Trento.Italy 

Another representation of  Anomalies 

77 

? 

74Co lower cross 

section has been 

observed in other 

experiments with a 
82Se beam 

82Se (139 MeV/u) + Be  
Phys. Rev. C 87, 054612 (2013) 

Log10 (Experimental Cross Sections / EPAX 3.15) 



09/02/15  ---  OT @ ECT.Trento.Italy 78 

What is Qg systematics? Just tendency  indicator 

In Qgg systematics “this” neutron is 

compensated by conjugated products 

Your version (tendency, law) is 

correct if you are getting  a LINE! 
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4.2 Projectile fragmentation: 

Dissipation contribution 

79 
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OT, Nuclear Physics A734 (2004) 536-540 

2004 
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2006 
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Projectile fragmentation & Transfer reactions 

44Si    O.T. et al., Phys. Rev. C 75, 064613 (2007)  

LISE++ Abrasion-

Dissipation-Ablation 

model (ADA)  /under 

construction/ 

LISE++ Abrasion-Ablation 

cannot explain production 

cross section dependences 

from target properties (size, 

N/Z ratio) and  projectile 

energy.  

No explanation for pickup 

contribution  

EMIS2007 
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5. Secondary reactions 

 in target 

83 



Secondary (multi-step) reactions in target 

Applied for thick targets  

 In this process, the projectile undergoes a series of 

successive reactions until the fragment of interest is 

produced   

 For the second and next reactions LISE++ always 

assumes a projectile fragmentation and uses the 

EPAX parameterizations to speed up calculations 



Search for the A=3Z+6 nuclei: 33F, 36Ne, 39Na  

Determination of existence/non-existence, Neutron drip-line search 

Oleg Tarasov et al.: Phys. Rev. C75 (2007) 064613  44Si 

T. Baumann et al.: Nature 449 (2007)1022  40Mg and 42,43Al 

KTUY05 

19B 17B 

44Si 

A=3Z+4 

A=3Z+2 

33F 

36Ne 

39Na 

42Mg 

45Al 

A=3Z+6 

at RIBF 

Search for the A=3Z+6 nuclei: 33F, 36Ne, 39Na, 

(42Mg) : determination of existence/non-

existence using an intense 48Ca beam at RIBF 
Presented by T. Kubo at 

NSCL User Meeting in Aug. 

2010 

Nuclear chart from 

T. Baumann et al.: 

Nature 449, 1022 

(2007) 

48Ca 
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Z
 

A/Q 

36Ne 

39Na 

33F 

with 2nd without 2nd (with/without） with 2nd without 2nd (with/without)

29F 1.7E+06 8.6E+05 2.0 8.6E+04 2.8E+04 3.1
31F 1.5E+05 2.9E+04 5.1 2.1E+03 2.8E+02 7.5
33F 2.9E+03 1.1E+02 27.0 6.7E+00 2.2E-01 30.0

31Ne 1.6E+04 8.6E+03 1.9 1.2E+03 4.3E+02 2.8
32Ne 4.3E+05 1.6E+05 2.7 1.9E+04 4.7E+03 4.1
34Ne 1.2E+05 1.4E+04 8.6 1.3E+03 1.1E+02 11.4
36Ne 3.8E+03 7.3E+01 52.4 6.4E+00 1.2E-01 51.4

35Na 1.1E+04 2.9E+03 3.6 4.0E+02 7.8E+01 5.1
37Na 9.8E+04 7.3E+03 13.6 8.5E+02 5.0E+01 16.9
39Na 4.0E+03 7.4E+01 53.5 5.7E+00 1.1E-01 52.4

Yield during 2.5 days with 400pnA（Counts/2.5days）
EPAX2.15 EPAX3.01Isotopes

Results of LISE++ simulation by Inabe san 

48Ca 400pnA, 2.5 days irradiation 

Be 30 mm,  D1 8.766 Tm, DP/P=±3%, F1 degrader 2 mm,  F2 ±2 mm  

With/without 2nd 

 with/without 

secondary 

reaction effects in 

the target 
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With 2ndary reaction 

Without 2ndary reaction 

29.5mm 

12.0 mm 

Y
ie

ld
(p

p
s
) 

Target thickness (mg/cm2) 

Target thickness vs. Secondary reactions 

Target   Be 30 mm 

Effect of Secondary reaction 

Secondary reactions 

 
The RI which produced from target react with target again 

and generate different RI. 

(Example) 

48Ca  37Na36Ne 

 

If the target thickness becomes thicker, this process can not 

be ignored.  

The first-step reaction of 37Na to 36Ne is easy to produce 

with stable. The yield of 48Ca37Na36Ne can not be 

ignored because the cross section of the 37Na36Ne(1p 

removal) is large.  

Enlarge the above chart 
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Estimation of Secondary Reactions 
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sorry sorry 



Estimation of Secondary Reactions Contribution 
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We got 37Na almost one order more due to secondary reactions! 

Preliminary! 



Secondary reactions vs. dBE systematics 
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dBE-systematics can be 

important tool to study 

secondary reactions!! Recent proposals: several settings 

(different target thickness) have to 

be done to study secondary 

reactions. It’s possible only in 

RIKEN (energy + intensity)…  

So called  

Secondary Reaction coefficient  

(LISE++) 

Incoming experiment  :  

60Ca & secondary reactions 

 

• 70Zn (345 MeV/u)+Be  

RIKEN 
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6. Summary 

91 



Summary for reaction mechanism models to 

produce rare beams 
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• Fusion-Fission 
238U(24 MeV/u)+Be,C  

 

  

• In-flight fission 
238U(345 MeV/u)+Be,U  

 

 

• In-flight fission vs 

projectile fragmentation 
238U(345 MeV/u)+Be,U  

 

 

• Projectile fragmentation 
76Ge, 82Se (140 MeV/u)+Be,W  

 

 

• Secondary reactions 
48Ca, 70Zn (345 MeV/u)+Be 

• Secondary beams production in inverse kinematics 

• Update for output channels in low energy domain 

• Deformation use 

• Fair simulation of intense  secondary  beams   

• Poor reproduction of neutron-rich high Z by the 3-EER m 

• New algorithm without averaging regions 

• MC benchmarks (+angular momentum ) 

 

• What reaction mechanism should be used for  Z=65-75 

region? (AF, PF, FF, MTR) 

• Is there a plateau in isotope cross section distribution? (or 

how important are secondary reactions? “Evaporation tail” is due to 

large target thickness?) 

• Tool to observe shell effects close to the drip-line  

• New dBE-systematics of neutron-rich products 

• Dissipation to describe pick-up contribution 

• More sophisticated and accurate models 

• Observation of Secondary reactions contribution 

• Fair reproduction? Should be and will be checked 

• What model to use for the secondary step? EPAX2, EPAX3 or other? 
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Thank  you for your attention! 

 

Thank  you  for  

choosing  our  

company! 

 

We appreciate  

your  business 

 

Comfort 

 

Speed 

 

Quality 

 

Large Variety 

  of destinations 

It is evidently a joke for this community , but  …some utilities, and it ‘s a good tool for students 

Thank for using (even if it will be in future)  the LISE++ code! 

We are doing all possible from us based on  

latest scientific approaches and your requests! 



Go White,    Go Green!!! 
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THIS SATURDAY EARLY MORNING 



Go White,    Go Green!!! 
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