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Shell effects shape the landscape
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A set of revisited and new observables

Fragment Z, N distributions Total kinetic energy (TKE)
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New access to scission; the case of 240Pu (9 MeV)

measured velocities and momentum conservation:
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gammas,
neutrons

MFS + E*FS = TXE + TKE + M1+M2

TXE = E*,Bf + E*,dis + E*,def

= ν·(Qn + ε) + Eγ
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access to the fragment deformations !!
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access to the distance between fragments !!
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a collective picture of scission:
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PE = -TXE + E*,def

and a sneak peek of the potential landscape:
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What else?

The case of high-energy and quasi-fission
238U @ 5.9 AMeV + [26Mg, 27Al, 11B, 9Be] at VAMOS/GANIL
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In summary…
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new and revisited 
fission observables

access to the 
scission configuration

next in line: 
quasi-fission
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New access to scission; the case of 240Pu (9 MeV)

PE = -TXE + E*,def

and a sneak peak of the potential landscape:
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Inverse kinematics: A window to new observables in fission.



New access to scission; the case of 240Pu (9 MeV)

gammas,
neutrons

MFS + E*FS = TXE + TKE + M1+M2

TXE = E*,Bf + E*,dis + E*,def

PRL 116, 122504 (2016)

= ν·(Qn + ε) + Eγ
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access to the fragment deformations !!



What else?

The case of 250Cf (42 MeV)

- Pre-saddle emission? 
- No dissipation? 
- Still shells?
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Inverse kinematics: A window to new observables in fission.
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Inverse kinematics: A window to new observables in fission.
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Inverse kinematics: A window to new observables in fission.
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Inverse kinematics: A window to new observables in fission.
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Inverse kinematics: A window to new observables in fission.
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Inverse kinematics: A window to new observables in fission.
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shared according statistical eq.
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New access to scission; the case of 240Pu (9 MeV)

MFS + E*FS = TXE + TKE + M1+M2

TKE = Ek,pre + Ek,C

gammas,
neutrons
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Inverse kinematics: A window to new observables in fission.

access to the distance between fragments !!
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A liquid drop behaviour… … with surprises
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Inverse kinematics: A window to new observables in fission.
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Inverse kinematics: A window to new observables in fission.
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SOFIA @ GSI
238U (em,f) @ 650AMeV
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Inverse kinematics: A window to new observables in fission.

238U (em,f) @ 650AMeV

FRS campaign @ GSI

K.-H. Schmidt et al., NPA 665 (2000) 221

C. Böckstiegel et al. NPA 802 (2008) 12

233U

228Pa

S. Steinhäuser et al. NPA 634 (1998) 89



New access to scission; the case of 240Pu (9 MeV)

Fragment N excess (N/Z)
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Inverse kinematics: A window to new observables in fission.
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Qmax from Z
Qmax from A
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problems in mass measured 
around symmetry: low 
statistics

Apost from 2012

Apost from 2012
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rough shell effect



∆M/M ≈ 0.6·10-2

Fragments 
identified from 

M ≈ 90 to
 M ≈ 140

Fragments identified from 
Z ≈ 36 to Z ≈ 59 in  

600 MeV range

∆Z/Z ≈ 1.5 ·10-2


