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Deuteron-nucleus  interaction analysis

 Breakup  – in TALYS-1.96, option breakupmodel 2: M. Avrigeanu et al., Eur. Phys. J. A (2022) 58:3
BREAKUP [M. Avrigeanu, V. Avrigeanu]
- parametrization  of total BU protons  & 

elastic-breakup c.s.:

- inelastic breakup enhancement
brought by breakup-nucleons reactions      

 Direct reactions 
FRESCO (Version FRES 2.9) [I.J. Thompson ]

- stripping & pick-up, DWBA : (d,p), (d,n), (3He,d), (d,t), (d,α), (d,3He)    

Motivation: Nuclear Data Needs: ITER, IFMIF, SPIRAL2, SARAF, Medical Installations
DEUTERONS BEAM

Associated Research Projects:  New data & Updated theory
FENDL, EURATOM, F4E, EUROfusion
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 Composite system equilibration for both deuteron and breakup-nucleon reactions
STAPRE-H95 [V. Avrigeanu, M. Avrigeanu] (updated)

- OMP:SCAT2000; preequilibrium: GDH / EXCITON; evaporation: Hauser-Feshbach
TALYS - 1.0 - 1.96 [A. Koning, S. Hilaire, S. Goriely] 

- OMP:ECIS’97; breakup, preequilibrium: MSD / EXCITON; evaporation: Hauser-Feshbach
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EURATOM

d+Al,  
d+Cu,  
d+Nb

GRT-168 of 
Fusion for 

Energy (F4E) 
d+Fe
d+Ni

Dedicated projects to IFMIF and ITER: EURATOM, F4E, EUROfusion
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SPIRAL 2
d+Zr
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DIRECT INTERACTIONS (DI): Breakup & Direct Reactions   versus   PE+CN
balance around half of deuteron reaction cross section σR

:
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Reaction Mechanisms involved in  (d,p) , (d,n)  processes (1)   
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Reaction Mechanisms involved in  (d,p) , (d,n)  processes   (2)
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Reaction Mechanisms involved in  (d,p) , (d,n)  processes   (3)
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Reaction Mechanisms involved in  (d,p) , (d,n)  processes   (1)Reaction Mechanisms involved in  (d,p) , (d,xn)  processes  
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Reaction Mechanisms involved in  (d,2p) , (d,2n)  processes   
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Reaction Mechanisms involved in  (d,2p) , (d,xn)  processes
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Reaction Mechanisms involved in  (d,xn2p), (d,xn)  processes

16th  Varenna Conference  on  Nuclear  Reactions  Mechanisms,   June 11 – 16, 2023 

10 20 30 40 50

1

10

100

1000

10 20 30 40 50

10

100

10 20 30 40 50

10

100

10 20 30 40 50

1

10

100

10 20 30 40 500.1

1

10

100

1000

E (MeV)

 

 
60Ni(d,2n2p)58Co

 BF+PE+CN
   PE+CN

BF(n,x)+(p,x) 

DR: (d,)

26.2%

 TENDL-2021

 
 (m

b)

 

 

natNi(d,xn2p)58CoEXFOR

 BF+PE+CN

60Ni 

61Ni 

62Ni 

58Ni 

 TENDL-2021

 

 

 

 

61Ni(d,3n2p)58Co

       PE+CN
 BF+PE+CN

BF(p,)+(n,x) 

1.14%

  

 

58Ni(d,2p)58Co
EXFOR

TENDL-2021
 PE+CN
 BF+PE+CN

BF(n,p)

68.1%

 

 

62Ni(d,4n2p)58Co

    PE+CN
 BF+PE+CN

TENDL-2021 

3.63%

BF(p,n)+(n,x) 



CONCLUSIONS
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Comparative analysis  DATA – Nuclear Reaction Models  predictions
of  (d,p), (d,n), (d,2p), and (d,xn) processes

validated Nuclear Reaction Mechanisms:   BU, DR, PE, CN  involvement

 DR-STRIPPING (FRESCO)
(d,p) DR stripping dominance for the first chance emission
important (d,n) DR stripping for the first chance emission

 BREAKUP (BF: breakupmodel 2, TALYS-1.96)
BU fast increase with Einc
BF Important contribution for the second and third chance emitted particle

 PE+CN (STAPRE-H / TALYS) ~  50% of  σR
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DI  versus   PE+CN
balance around half of deuteron reaction cross section, σR
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Empirical parametrization versus microscopic predictions
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Deuteron OMP
analysis
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Spectrosopic factors analysis 
for (d,p) stripping c.s. calculation
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Comparison of measured and calculated proton angular distributions of stripping 
transitions to states with excitation energies in MeV, at various incident energies.


