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Status of the high and intermediate energy reaction codes



MCNPX



Monte Carlo N-Particle Transport Code System for Multiparticle and High Energy Applications MCNPX = Transport + Reactions (table and/or model)
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Status of the high and intermediate energy reaction codes



Spallation Process ∆t ≈10-22s IN C ium r b i l i u Preeq l…) na (optio



∆t ≈10-18s n o i t a t i Deexc 28/10/05
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Status of the high and intermediate energy reaction codes



Intra Nuclear Cascade (INC) - Physics • For Ep > 150 MeV, projectile see each nucleon free (no collective effect) • Cascade of binary collision • Nuclear reactions computed in a classical way • The only quantum effect: Pauli blocking • Particle emission • And excitation of the residual nucleus (thermalized…)
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Intra Nuclear Cascade (INC) - Models Bertini



Isabel



CEM2k



Nuclear density distribution



Step-funct. (3)



Step-funct. (16)



Step-funct. (7)



Collision criteria



Mean free path



Mean free path



Mean free path



Min. distance



Momentum distribution



Fermi distribution



Fermi distribution



Fermi distribution



Fermi distribution



Monte Carlo technique



spacelike



timelike



spacelike



timelike



Condition to stop INC



Cutoff energy



Cutoff energy



Weffopt ≠ Wpheopt



Stopping time



Type of projectile



p, n, π



A14



p, n, π



A14



Eprojectile



3.5 GeV



1 GeV



5 GeV



3 GeV



p, n, π (A14)



A14



Particle emitted Preequilibrium 28/10/05



MPM Lahet



MPM Lahet
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INCL4



WoodSaxon



p, n, π No 5
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Preequilibrium Idea: Nucleus not yet thermalized, but INC hypothesis no more valid !



al n r e Int n tio i s n tra



A state = (A, Z, E*, P, H)



Ex cito nm



P+H = n (number of exciton)



ode l



icle n t r Pa issio em



2 transitions : Emission: (A, Z, E*, P, H) 1 (A-a, Z-z, E*-S-ε, P-a, H)



Internal transition: (A, Z, E*, P, H) 1 (A, Z, E*, P±1, H±1)



∆n= ±2



1 Nucleus can be supposed thermalized when P(∆n= +2) = P(∆n= -2) 28/10/05
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Status of the high and intermediate energy reaction codes



Deexcitation – Physics Evaporation



ρ1 P12



=



ρ2 P21



Pa(ε) = ρf(Ef*)/ρi(Ei*) (2s+1) (4πp2/h3) σc(ε) ρ(E*,a) --- state density a : level density parameter (shell, pairing effect, etc.) σc(ε) --- inverse or capture cross section 28/10/05



CEA DSM Dapnia SphN - Jean-Christophe David - [Status of the high and intermediate reaction codes]



7



Status of the high and intermediate energy reaction codes



AB LA



-P



RO F



I



Deexcitation – Physics Fission



• RAL
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Status of the high and intermediate energy reaction codes



Deexcitation – Physics Fission Fragment distribution Y(A,Z) 2 exp (2 (ã.E*)1/2)



ã: level density parameter E*: excitation energy above Bf



Parameters are fitted
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Deexcitation - Models Dresner



CEM2k



ABLA



(GEM – improved Dresner re-fitted)



evaporation



State density ρ



28/10/05



ρ(E) ∝ exp (2 (aE)1/2 )



ρ(E) = ρ1(E)



ρ(E) = ρ1(E)



a=a(pairing, shell effects, etc.)



Level density parameter a



3 models (default: GCCI)



GCCI



σc(ε)



Fitted (Dostrovsky 59)



Re-fitted and Geometric + extended for new coulomb emitted nuclei barrier



Emitted particle



n, p, d, t, 3He, α



n, p, d, t, 3He, α 1 Mg (66 nuclei)



n, p, α



RAL (new parameter set)



PROFI



Fission model



RAL ORNL (Z 2 91)
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Status of the high and intermediate energy reaction codes



Conclusion • Physics is often the same (or very similar) • But: 2



approximations can be different



2



each model has its own parameters



2



some models are still improved



2



many combinations are available



⇒ Validations are necessary for a given application
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Some figures… …next speakers
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