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Pre-equilibrium reactions (exciton model):

Pre-eq. cross sections and energy spectra

where the time spent by a nucleus in an n-exciton state 

is given by the time integral of the occupation 

3rd Workshop on Level Density and Gamma Strength, Oslo, May 2011

2

is given by the time integral of the occupation 

probabilities,



The occupation probabilities are obtained from the set 

of master equations (written here with all couplings 

necessary for sequential decays and for γ cascades)
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Nucleon emission is associated with ∆ n = -1. In 

the spin-independent case, the nucleon emission 

rates are
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Gamma emission in pre-equilibrium reactions:

First attempt (Plujko & Prokopets)?

Single-particle radiative mechanism             

(Běták & Dobeš, Akkermans & Gruppelaar)

Spin variables (Obložinský & Chadwick)

2,0 −=∆n
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Spin variables (Obložinský & Chadwick)

At excitation energies above 30 MeV – also 

quasideuteron mechanism (Obložinský)



The γ emission is possible for ∆ n = -2 or 0. These 

rates (in the spin-independent case and for E1) are
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and b’s are the branching ratios



S K I P

3rd Workshop on Level Density and Gamma Strength, Oslo, May 2011
7



3rd Workshop on Level Density and Gamma Strength, Oslo, May 2011

8

Spin variables (Obložinský & Chadwick)



3rd Workshop on Level Density and Gamma Strength, Oslo, May 2011 9

SKIP



gamma emission rates with spin
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• Light clusters: d to αααα

• Coalescence model:

Kalbach (Cline, Kalbach-Cline, Kalbach-Walker), Ribanský & Obložinský

Emision rate (nucleons):
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Coalescence clusters:
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• Generalized (coalescence + pickup)

Iwamoto & Harada, Dobeš & Běták, Bisplinghoff

*** ),,0(),0,(),,(

),0,(),,(

εεωεωεω

εωω

dpppEhpp

BpUhpp

p E

xxxx

x

−−−

→

+−

∑ ∫

PARAMETERLESS !

12

*

1

*

1

1

* ),,0(),0,(),,(
*

εεωεωεω
ε

dpppEhpp x

p Bxx

−−−∑ ∫
= +

3rd Workshop on Level Density and 
Gamma Strength, Oslo, May 2011

14



3rd Workshop on Level Density and Gamma Strength, Oslo, May 2011 15

coalescence      IH model     IHB model           knock-out



• Bisplinghoff

Pickup limited by the binding energy of nucleons in the cluster (i.e. about 28 

MeV for alphas and 2 MeV for deuterons)

� Now

Limitation due to binding energy for all clusters

Only low-exciton configurations with pickup (CN limit!)

Thermal “blurring” considered

Admixture allowed for whole nuclear potential wellAdmixture allowed for whole nuclear potential well

Possibility of knockout (initial stage only) for alphas
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CONCLUSIONS

• Formulated spin-dependent pre-equilibrium cluster

emission for the Iwamoto-Harada model. Spin

couplings enter the cluster creation probability, 

therefore spin dependence formally the same as it

is for nucleons (but different densities and T ). is for nucleons (but different densities and Tl). 

Emission mainly from higher spins.

• Primary gamma emission influenced only weakly. 

Visible on cascades, as clusters take away more 

spin.
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Thank youThank you
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