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Physics Models
Intra-nuclear cascade model

Pre-equilibrium (exciton model)
Evaporation (Generalized Evaporation Model)

Fission model (Fong’s Model)



Intra-Nuclear Cascade model

What aretheinputswe have?

| Projectile: @ Charge, mass, energy/momentum
Tar get: =2 Charge, mass, nucleon density distribution
Each nucleon is -~
assigned P | %%, o Density Distribution
position & € ¢
o590 %
momentum > ® -
[
) . N 3m2p(r) \1/:
p(r) = —1+f:3;::hﬂl { Pr(r) = (r{ : j{)l}'iq }
where ro = 1.07TAY3 fm } Ep(r) = s 2m N

a = 0.545fm For A > 10 { V = VN = EF + Bindinging energy }

| p(r) = pnm:‘p_ﬁ—‘f For A <10 V. = 25MeV
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Intra-Nuclear Cascade model
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Pre-equilibrium model (Exciton model)

| &
a4 bk

Sharp cut off energy (7 MeV) isthecriteriato close INC

| &
A B

n, p, d, t, *He, and “He emission
Probability of emission is calculated as given below
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| L - Differences with CEM
[Cilge. b, B = Jllr M, BT dT
. - D=, 4+ - wip— 1k E— B, —T)_. . I
AP, . E,T) = —az—uR;lp, k) oip. fe. B F (1] Kalbach Systematics below 210 MeV

the widths for complex-particle emission were changed by fitting the

P=par ticl e, h=hol e N= p+h IS exclton probability of several excitons to "coalesce” into a complex particle that may

. be emitted during the preequilibrium stage to available experimental data on
number’ S:Spl n, reactions induced by protons and neutrons;

cin\,:cross—sectlon, E=excitation energy, r Earlier assumption

B=Dbinding energy Ji
el OO
;'I._Ir.l,,ll. £ A I:.l.',,|.,.lr'. | NOW
ieg = \/29E P,o(n/n) =1-exp(- (nlzn FDig

0 ,.=0.22(0.4in CEM)

M. Veselsky. Nucl. Phys. A705 (2002) 193
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Evaporation model

Pf{f)df — ng-intr[E:] Pd{E — Q — E} ede _!‘ﬂ{:_”‘r p(U—-Bf -6 — E)dE

pi(E) = pi(E)

crexp(2/a(E — 9))| Z, Ejectiles

p(E) = 1/4( o\5 /4 I'J] n
N (E - ()) I l P il i
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Sisassumed O at saddle 0 ®Ne Ne ®Ne UNe ZNe BNe N
11 *'Na  *Na ®Na ®Na ®Na
12 =Mg  =*Mg Mg Mg Mg AMp o fMp
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\ | S |
a(Ag, Z4, E) = A4(0.134 — 1.21107 " A,) (1 + =(1 — exp(—0.061E
( ) B )

([ 1.041 + 0.00915X2 — 0.0005977X? For Z < 78 y Fission barrier
: = UUUD L. : SN 01 < T8 LRl Myersand

1.0196 + 0.00896.X= — 0.000585.X" For 78 < Z < 85 ¢ Swiatecki
| 0.9445 4 0.0083.X° — 0.000542X" For Z > 85 ) systematics
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Fission model

EE{EI) = I."?H‘T.T?)(Q ﬂ-lEl]
gg(Eg) — r:gﬁj?;:l(gw.,fﬂ.gEg]

E :Ey=aT?: aoT? = a : a, (2C19SI100 point model
E
Q(FE) = clﬁgf exp(2/(ay + a3)(Ey + E»))
0

E = M*(A, 2)-M(Al, Z1)-M(A2, Z2) - coulomb energy — deformation energy
Ei:Ey=aT?: ;7% = ay : ay

Vo — L4217,
C R1a
Ryy = Ry(1 + ag(1 — %xﬂ:] + agi(l — %YEE))
'5(_ — Rn[f]
e 2 R[]U]{l+ft-_rf+ft3i—%&z¢ft3f}
/
Ro(i) = RoA;”’ and Ry = 1.3

D(i) = (0.4Es — 0.2E¢)a, + (0.7144Es — 0.204E¢) o,
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p (3000 MeV) + Pb - Neuatron spectrum

A" dOQAE (mbfse/MeV)
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The multiplicity data impose strong boundary on full code
but still not on individual models
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Cross section, O (mh)

i

p (1200 MaV) + Fe --Mulaoplicrry dismbuotion
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Cross section, ¢ (mb)

p (1200 MeV) + Fe --Multiplicity distribution
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MNeutron multiplicity
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p + Pb - (204 MeV) Avg. neutron multiplicities
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MNeutron multiplicity

p + Fe - (2-20 MeV) Avg. neutron multiplicities

p + Pb - (2-20 MeV) Avg. neutron multiplicities
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p (730 MeV) + Pb -- Pion plus spectrum
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Fig. 3. Yiekl of neatrons from protons on a stopping-length deaterium target. The line through the lower set of prints shows

the expected yield based only an the p 4+ & = 0+ 2p reaction. The upper points inthe 7= o 17-MeV range are the measured poinls.
The measwred yield is therefore increasing Faster than from the caleulated reaction alone, indicating the substantial enhancement
already mre<ent From Fusion and otber resciions in the enerey canee of this exsremmeni
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