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OVERVIEW

• Introduction
• Semiclassical theory of PE emission : Exciton

and HMS models
• Quantum-Mechanical (microscopic theories) : 

SMD/SMC
• EMPIRE implementation
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EQUILIBRIUM, DIRECT and ???
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ISOTROPIC DISTRIBUTION  ???
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• Griffin J.J., Phys.Rev.Lett. 17(1966) 478; Phys.Lett. B24(1967) 5

• Cline C.K., Blann M., “The preequilibrium sttistical model: Description of the nuclear equilibration 
process and parameterization of the model”, Nucl. Phys. A172(1971) 225
• Cline C.K., Nucl. Phys. A193(1972) 417
• Ribansky I., Oblozhinsky P., Betak E., Nucl. Phys. A205(1973) 545

EXCITON MODEL 

[ ]dP
dt

n t n P n t n P n t n n W n P n t( , ) ( ) ( , ) ( ) ( , ) ( ) ( ) ( ) ( , )= − − + + + − + ++ − + −λ λ λ λ2 2 2 2

P(n,t) – Probability that system will be in the state with n excitons during time t
W(n) – Total emission rate
λ+(n), λ-(n) - internal transition rates to states with n±2

MASTER EQUATION: KINETIC EQUATION DESCRIBING THE 
TIME EVOLUTION OF THE PROBABILITY DISTRIBUTION P(n,t)
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EXCITON MODEL 
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NEVER COME-BACK ASSUMPTION: λ+(n) >> λ-(n)

•Williams F.C., Phys.Lett. 31B(1970) 184
•Oblozhinsky P., Ribansky I., Betak E., Nucl.Phys. A226(1974) 347

•Kalbach-Cline C., Nucl.Phys., A210(1973) 590 <M2>=KA-3E-1
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EXCITON MODEL 

λ
α

λ
α+ −= =

− −
( ) ' ; ( )

( )( )
'

n
k

U n
k g

ph n n
Umfp mfp

1 2 1
2

•Gadioli E., Gadioli Erba E., Sona P.G., Nucl.Phys. A217(1973) 589
•Machner H., Z.fur Phys. A302(1981) 125

Gupta S.K., Z.fur Phys., A303(1981) 329 Additional 
3/8 factor

NEVER COME-BACK ASSUMPTION: λ+(n) >> λ-(n)
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EXCITON MODEL 
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Using detailed balance :

Nucleon emission :
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For cluster emission :

• Iwamoto A., Harada K., Phys.Rev. C26(1982) 1821
• Sato K., Iwamoto A., Harada K., Phys.Rev. C28(1983) 1527

EXCITON MODEL 
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Gamma emission :

• Pluyko V.A., Prokopets G.A., Phys.Lett., 76B(1978) 253
• Betak E., Dobes J., Phys.Lett., 84B(1979) 368
• Akkermans J.M., Gruppelaar H., Phys.Lett., 157B(1985) 95

EXCITON MODEL 
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EXCITON MODEL 

[ ]− = = − − + + + − + ++ − + −P n t n n t n n t n n W n n t( , ) ( ) ( , ) ( ) ( , ) ( ) ( ) ( ) ( , )0 2 2 2 2λ τ λ τ λ λ τ

Initial condition: P(n,t=0)=δn,n0
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Emission spectra :

Depletion factor :
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EXCITON MODEL 
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EXCITON MODEL + spin 

[ ]dP
dt

n t n P n t n P n t n n W n P n t( , ) ( ) ( , ) ( ) ( , ) ( ) ( ) ( ) ( , )= − − + + + − + ++ − + −λ λ λ λ2 2 2 2
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EXCITON MODEL + spin 

Emission spectra :

Emission rates :
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• Betak E., Acta Physica Slovaca 45 (1995) 625

ROLE OF SPIN IN PE calculations
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[5] Bisplinghoff J., Phys.Rev.C. 33(1986) 1569

HYBRID MC SIMULATION  (HMS)
Blann M., Phys.Rev.C. 54(1996) 1341, “New precompound decay model”

DDHMS: Blann M., Chadwick M., Phys.Rev.C. 57(1998) 233
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BASED on HYBRID MODEL: Blann M., Phys.Rev.Lett. 27(1971) 337; Phys.Rev.Lett. 28(1972) 757

HYBRID MC SIMULATION  (HMS)

Advantages :
•It avoids multi-exciton level densities (as critiziced by Bisplinghoff)
•No physical limit on the number of preequilibrium emissions
•Provides complete set of observables, including DDCS, cross
sections for productions of the residuals and spectra of recoils.
•Spin and excitation-energy dependent population of residual nuclei
could be obtained, allowing for an easy coupling to the CN model
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HYBRID MC SIMULATION  (HMS)
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HYBRID MC SIMULATION  (HMS)



R. Capote Workshop on Nuclear Reaction Data and Nuclear Reactors, ICTP, Trieste 2020

HYBRID MC SIMULATION  (HMS)

Energy distribution

V is the potential well depth



R. Capote Workshop on Nuclear Reaction Data and Nuclear Reactors, ICTP, Trieste 2121

HYBRID MC SIMULATION  (HMS)

Emission probability

Particle emission rate

being Q – the binding energy, S – spin, g - sp density
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HYBRID MC SIMULATION  (HMS)
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HYBRID MC SIMULATION  (HMS)
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HYBRID MC SIMULATION  (HMS)
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Quantum-Mechanical theories : SMD/SMC

Dr. Mike Herman, BNL, USA
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PCROSS   provides inelastic and charge-exchange to the continuum if MSD and MSC are not active
Provides alpha and light ion emission to the continuum and PE gamma emission (if not MSC) 

EMPIRE NON-EQUILIBRIUM MODELS
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