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76Ge (130 MeV/u)  experiment 

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

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

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

15 new isotopes of elements 17 ≤ Z ≤ 25 

 
50Cl, 53Ar, 55,56K, 57,58Ca, 59,60,61Sc, 

62,63Ti, 65,66V, 68Cr, 70Mn  



64Ti, 67V, 69Cr, 72Mn 
70Cr 1event  & 75Fe 1event 

Experiment with the newly-developed 82Se (139 MeV/u) beam 
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Beam E (MeV/u) I (pna) N/Z 

82Se 139 35 1.412 

76Ge 130 20 1.375 
DN / DZ=2 

Phys. Rev. C 87, 054612 (2013) :  New isotopes, cross sections, momentum distributions,  

   subshell closure at N = 34 around Z = 20 

 

NIM A   (2014) :    momentum distribution measurement (detailed), 

   revision of  target thickness scanning approach to  

   measure momentum distributions 
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Momentum Distributions : Target thickness scanning method 

A number of simulations have been 

carried out in order to illustrate the 

sensitivity of the momentum 

distribution characteristics to 

varying target thicknesses.  

 

The rigidity of the last dipole was 

kept constant at 4.3 Tm while using 

the “Optimum target thickness” 

(thickness corresponding to maximum 

yield) routine to calculate production  

yields. 

New method:   

 Brho = const 

 Target thickness variation 

 

“Classic: way: 

 Brho scanning 

 thin target 
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76Ge(130MeV/u) + Be :  Momentum distribution 



Comparison of momentum distribution measurement methods  
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Momentum Distributions : Revision of Target scanning method 

7 

76Ge analysis (2009) :  

point for fit in the middle of target  

or  weights = const 

  

2012 update :  

using weights F(vp,s) 

from the momentum 

distribution model 

with vp,s,  

 

 

target 

m
id

d
le

 

More probable 

Based on vp & s 

76Ge : 5 targets (max 3 isotopes for one 

element) 
82Se : 7 targets (max 8 isotopes for one 

element) 



82Se (139 MeV/u) + Be : Momentum Distributions – u/u0 
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convolution 

DJM 

Borrel 
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82Se (139 MeV/u) + Be : Momentum Distributions – Widths 



Momentum distributions analysis results 
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76Ge (130 MeV/u)  + Be, W  :   cross sections 
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82Se (139 MeV/u) : Production Cross Section 

NW =90,  NBe=330,  NBe_Integral=126 
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82Se (139 MeV/u)  vs. 76Ge (130 MeV/u) :   Be - target 
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82Se (140MeV/u)  vs. 76Ge (130 MeV/u) :   W - target 

stripping pick-up 

By product information 

about W-target lifetime 



82Se (139 MeV/u)  :   W vs. Be targets 
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New isotopes 76Ge+W 
New isotopes 76Ge+Be, 82Se+Be 



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 



Estimation of 60Ca production cross section 

AA: Masses calculated  

with the GXPF1B5 interaction 

𝜎 60Ca 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛 = 4(±1) × 10−16 b 

 

𝜎𝑙𝑜𝑤𝑒𝑠𝑡 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 @ 𝑀𝑆𝑈 = 3 × 10−15 b 

 



17Ne production with a 20Ne beam @ NSCL 

Default settings: 

EPAX3 

UP #1,  coef=3 

settings: 

AA (15/9.4) 

UP #1,  coef=3.5 

settings: 

AA (15/9.4) 

UP #1,  coef=4.0 

17Ne / all 

82% 

17Ne / all 

15% 

17Ne / all 

9% 

After target 

Final focal plane 

17Ne 



17Ne production with a 20Ne beam @ NSCL 

H. Suzuki et al., NIM B 317 (2013) 756–768 



17Ne production @ FLNR/JINR  (estimation) 



3-step projectile fragmentation model  

 Process 
 

Momentum distribution 

1 Abrasion 
Removal of the part “a” 
(statistics) 
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Where  /SPF EAcoef  , and 
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ES is the energy spent to split the projectile (mass difference, surface energy excess) 

APF  is the mass number of the prefragment. Three parameters to fit: s0,  s, coef. 
 

GANIL 2000 



Universal parameterization : Excitation energy 

GANIL 2000 



Universal parameterization : Excitation energy 

Should be revision for excitation energy in the 

“Universal parameterization” 



Abrasion-Friction-Ablation 

What do we know from experiments? 

1. Decreasing the projectile velocity  

increase of production cross-section 

of neutron-rich isotopes 

2. Increasing target mass  increase of 

production cross-section of neutron-

rich isotopes  

3. Low Exponential tail in momentum 

distribution is due to dissipative 

processes 

Why do cross-sections increase? 

 
From the AA formalism: 

Increasing excitation low-energy tail. 

Broadening or/and shift of excitation energy 

distribution take place due to friction?  

If assume dissipation processes it is possible 

to answer on preceding questions:  

1. Dissipation Time is increasing 

2. Dissipation Time and Touching Area are 

    increasing due to target size 

Time of dissipation  ~ to beam velocity  & 

    Chord_max 

Touching area is  ~ to Chord_min^2 

Target thermal  

capacity  ~ target mass 

dtdS
dx

dT
KdQ 

September 10, 2006.      30 years of Projectile Fragmentation workshop, ACS 
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Projectile fragmentation & Transfer reactions 

 NSCL / MSU  

 
40Mg, 42,43Al  Nature 449 (2007) 1022 

  
44Si  Phys. Rev. C 75, 064613 (2007)  

LISE++ Abrasion-Ablation cannot 

explain production cross section 

dependences from target properties 

(size, N/Z ratio) and  projectile energy.  

No explanation for pickup contribution  

EMIS.  24-29.06.07,  Deaville, France 

LISE++ Abrasion-Dissipation-Ablation model (ADA)  /under construction/ 
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Abrasion-Dissipation-Ablation 

Just ONE  

Universal model for  

cross sections and  

momentum distributions  

should be developed… 

 

Nature is one 

 



Summary 
of the present study of fragmentation of 76Ge and 82Se beams 

This work was supported  by NSF  No. PHY-06-06007,  

PHY-06-06007, No. PHY-10-68217, and No. PHY-11-02511 grants. 

76Ge ○ New  15 neutron-rich isotopes (17 ≤ Z ≤ 25) 

 ○ Evidence for a Change in the Nuclear Mass Surface  

 ○ Cross sections and Momentum distributions 

  ○ A new approach to measure momentum distributions  

 ○ New parameters for DJM momentum distribution model 

82Se  

   

o  Isotopes 64Ti, 67V, 69Cr, and 72Mn were identified for the first time.  

One event was registered consistent with 70Cr and another one with 75Fe  

  

o The momentum distributions of 126 neutron-rich isotopes of elements with 11 ≤ Z ≤ 32 were measured and 

compared to models 

 

o The cross sections for  330 nuclei produced by the 82Se beam were measured 

 

o The experiment confirmed the trend of our previous experiment using a 76Ge beam, where  the most neutron-rich 

nuclei of elements with Z = 19 to 21 have been produced with an enhanced rate compared to the Qg systematics  

 

o This result has been explained with a shell model that predicts a subshell closure at N = 34 and a more 

pronounced one at Z = 20 

 

o The measured cross sections were best reproduced by LISE++ Abrasion-Ablation model using masses derived 

from the full pf shell-model space with the GXPF1B5 

 

o The cross section for production of 60Ca using a 82Se beam on beryllium has been estimated at 4(±1) × 10−16 b 


