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Optimal conditions to produce  new isotopes?

Ÿ 136Xe+ 238U : «heavy » partners

Ÿ measure  known  actinides around  238U

238U
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Poisson statistics :

True  number  of 240 U counts  in 
a 95 % confidence interval :

[1.42 , 10.833]
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Å Dynamical  deformation  of nuclei  while  approaching
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Cross - sections: Uranium isotopes at 5.15 MeV/u 

Large difference  with  DIT 
interpreted  as a signature of 

dynamical  deformations  
lowering  the barrier
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case
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measurements
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Ḑ 1 µb

Langevin equations  model 
predictions

Optimal sensitivity  limit  with  cube 

Exploratory  experiment  with  
heavy  partners , near - barrier  & 
forward  angle :

massive transfers  out of reach  
for now  
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Limitations :

Å No mass selection Ÿ High CoulEx background  

Å Symmetry  limit  for studies  with  gas - filled  separators  
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MNT

Fission

EuNPC 2025 : J. Bequet

P. Reiter et. al.; Physics  Procedia  (2014)
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Å 232Th + 96Zr, 6 MeV/u at GANIL  Ÿ accepted  experiment

Å 238U + 64Ni, 7.2 MeV/u at LNL  Ÿ Proposal  submitted  to the PAC

Å Add  deformation  to the DIT code

?
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SHF : Skyrme  Hartree - Fock
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Hot vs Cold fusion
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Cold Fusion Hot Fusion

Complementary + 208 Pb 48Ca + Complementary:

Doubly magicDoubly magic

Ÿ E* Ḑ10 MeV Ÿ E* Ḑ30 MeV

Ÿ Higher fusion 
probability

D. Ackermann & Ch. Theisen ; PS (2017)
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t1/2 ( 257Fm) = 100 days
t1/2 ( 254Es) = 256 days

S. Hofmann et. al.; EPJA (2016) 
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A. Karpov, V. Saiko ; PPNL (2019)
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Predictions  : N=126
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238U + 198Pt : 6.55 MeV/u

9.3 % above  the barrier

V.I. Zagrebaev , W. Greiner; PRC 87 (2013)
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MNT vs Fragmentation
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Y. X. Watanabe et.  al. ; PRL 115, 172503 (2015)

MNT :
136Xe + 198Pt
Ḑ8 MeV / u
59 % above barrier 

Fragmentation : 
208 Pb + 9Be 
1 GeV/u
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Å Novel approach for reactions 
between heavy partners

Å Completely microscopic 
approach = more fundamental

Å Each simulation = time - evolution 
of one reaction

3D TDHF

K. Sekizawa , K. Yabana ; PRC 93 (216)
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Greenlees , P; PhD thesis  (University  of Liverpool, 1999). 
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Poisson distribution
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GS : efficiency

9.25 % (1408 KeV)
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AGFA : Transmission
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E ?

AGFA

Known  beam & fragments properties

Known  FP distributions

Q ?

Adiabatic  assumption  Ą (Estart ,Qstart ) = ( Ef,Qf) Ą Set parameters  to retrieve  the final distribution
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ĄChemical separation 
methods

Ąisotope identification 
via radioactive decay

Ątimescale of the 
fastest radiochemical 
separation techniques 
̝̠̟̘ ̧̝̖̚̕ ̡̤̠̥̠̖̚ э ˢˡ ̤

ĄNuclei produced: 
Z=101, N=157

B. Welch et al. Phys. Rev. C Vol 35 (1987)

Radiochemistry  experiments
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136Xe + 238U at LNL : 7.35 MeV/ u
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36 % above  the barrier

PRISMA at Grazing

Xe- like measured

A. Vogt et. al. ; PRC 92 (2) (2015)

Comparison  with  our  experiment :

2n transfers  Ą  cross - section Ḑ >1000 times higher  in O.M.
6n transfers  Ą cross - section Ḑ < 100 times higher  in O.M.

Ą Larger  transfers  towards  smaller  angles?
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48 Ca + 248 Cm at GSI : 5.3 MeV/ u
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5 % above  the barrier
Grazing  : 114 ° 
Heavy partner  : 28 °

Acceptance : Ḑ 2°
ɝv/v = 0.1 FWHM

S. Heinz, et al. EPJA (2016) 52: 278

EuNPC 2025 : J. Bequet

Ḑ 1 µb

225U : Ḑ0.2 nb/sr

232U : Ḑ 0.3 mb/sr
Scaling  rule  : Ḑ 2 O.M. / 7n lost
Ą (below ) 225UḐ  100 nb/sr
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50 Ti + 249 Cf at GSI : 6.1 MeV/ u

ʀ : Ḑ 0.01 % for 223Ac
Angular  acceptance : 12 msr
 1 nb* ʀ Ÿ 83 nb/sr * ʀ Ÿ 8.3 µb/sr ( Ac  = - 20n, - 9p)
ANL :  249Pu ? (+2p,+9n)

- 10p

- 9p

- 8p

A. Di Nitto , et al. PLB 784 (2018)199Ь205

13 % above  the barrier
Grazing  : 56.3 ° 
Heavy partner  : 57 °

Ḑ 1 µb
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209 Bi + 238U : 8.85 MeV/u (45.6 % above  barrier ) 136Xe + 238U : 8.16 MeV/u (51.6 % above  barrier ) 

E. M. Kozulin  et. al.; PRC 109 (2024) I. V. Vorobiev  et. al.; PRC 112 (2025)


