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Reaction mechanisms -4                   (Capture reactions)

Capture reactions : a special case of compound‐nucleus (CN) reactions

  10‐18 sec

α + A   C*  (B + b) + (D + d) + …

α + A   C*   C + 

Capture reaction (via compound nucleus formation)



Reaction mechanisms -4                   (Capture reactions)

α + A   C*  (B + b) + (D + d) + …

probability that α will cross the surface of A to form a compound state of C
having spin J. It depends on the orbital momentum of α:=

:= probability that b escapes from a state of the compound nucleus C with spin J.

sum of probabilities over all exit channels i.:=

If γ emission then T from Giant Dipole de‐excitation (GDR)  

If particle emission then T from Optical Model Potentials (OMP)  

CN is excited to continuum  => Ts have to be averaged

Nuclear Level Density (NLD)  
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Monopole Dipole

Quadrupole

(pygmy)

Giant Resonances in nuclei   (γ  ΑΧ) 



Cross section measurements   (The activation technique) 

Reaction                    
sample irradiation

Decay  
measurements

Irradiation time 
depends on T1/2

(ideally tirrad ≈ 3T1/2)

The irradiation chamber at INPP/Demokritos
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Cross section measurements      (The activation technique-1) 



Cross section measurements      (The activation technique-2) 



Cross sections from γ-angular distribution measurements -1 

discrete
excited
states

ground state

unresolved
excited 
states

Compound  Nucleus

Target 
Nucleus

+ 
pr

oj
ec

til
e

Q-value

+ 
E

pr
oj

entry state

≈5 MeV

>10 MeV

Jπ

Jπ

Jπ

s=1/2

p

The Stuttgart HPGe-detector array



Cross sections from γ-angular distribution measurements -1 

discrete
excited
states

ground state

unresolved
excited 
states

Compound  Nucleus

Target 
Nucleus

+ 
pr

oj
ec

til
e

Q-value

+ 
E

pr
oj

entry state

≈5 MeV

>10 MeV

Jπ

Jπ

Jπ

s=1/2

p

The Stuttgart HPGe-detector array



Cross sections from γ-angular distribution measurements -1 

discrete
excited
states

ground state

unresolved
excited 
states

Compound  Nucleus

Target 
Nucleus

+ 
pr

oj
ec

til
e

Q-value

+ 
E

pr
oj

entry state

≈5 MeV

>10 MeV

E0

Jπ

Jπ

Jπ

s=1/2

p

The Stuttgart HPGe-detector array



Cross sections from γ-angular distribution measurements -1 

discrete
excited
states

ground state

unresolved
excited 
states

Compound  Nucleus

Target 
Nucleus

+ 
pr

oj
ec

til
e

Q-value

+ 
E

pr
oj

entry state

≈5 MeV

>10 MeV

E0

Jπ

Jπ

Jπ

s=1/2

p

The Stuttgart HPGe-detector array



Cross sections from γ-angular distribution measurements -1 
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… now at “Demokritos”  (no BGOs)



Cross sections from γ-angular distribution measurements -2 
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Cross sections from γ-angular distribution measurements -3 



Cross sections from γ-angular distribution measurements -4

J ≥ 1/2

89Υ(p,γ)90Zr



Cross sections from angle-integrated γ-spectra / 1

3-fold casc.

4-fold casc.

2-fold casc. Y

=(Y/ε)*(1/)*(A/NA)
GEANT 4  Simulation



Cross sections from angle-integrated γ-spectra / 2

F0

F1
F2

YTOT = Y0 + Y1 + Y2

Y0 = F0 / (Nproj × ε0)
Y1 = F1 / (Nproj × ε1)
Y2 = F2 / (Nproj × ε2)

σT = (A/NA) (YTOT / ξ)

in/out ratios:                                        
M=1  R = 2                                            

M=2  R = 2 × 2  = 4                                
M=3  R = 2 × 2 × 2 = 8

 MR 48.2

)/exp(0 bE  



Cross sections from angle-integrated γ-spectra / 2
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Cross sections from angle-integrated γ-spectra / 2

@ DTL-Bochum F0
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Cross sections from angle-integrated γ-spectra / 3



Τypical 4π γ-summing (angle-integrated) γ-spectra



Spectra comparison



Direct cross-section measurement methods for captures



Thank you!
Ευχαριστώ !

S.Charisopoulos@iaea.org


