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Transition states on the �ssion

barrier: angular distributions and

�ssion cross sections
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Wave function: ΨJMK ∼ DJ
MK(nf)

Angular distribution

for �xed M and K:

dwJ
MK(nf)

dΩ
=

2J +1

4π

∣∣∣DJ
MK(nf)
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Angular distribution

summed over M and K:

dwJπ(nf)

dΩ
=

∑
M

ηJπ(M)
∑
K

ρJπ(K)
dwJ

MK(nf)

dΩ
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εi(KJπ) = ϵi(Kπ)+
J(J +1)−K(K +1)

2I⊥i

Ei(KJπ) = Bi + εi(KJπ)

Ek = Ex − Ei(KJπ)

Hill-Wheeler: Ti(Ek) =
1

1+ e
−2π

Ek
ℏωi

T Jπ
i (Ex) =

∑
K≤J

Ti(Ex−Bi−εi(KJπ))+

Ex∫
Eci(Jπ)

ρdefi (E, Jπ)Ti(Ex−Bi−E) dE.

Hauser-Feshbach �ssion cross section for (n, f) reaction:

σf(E) = πλ2
∑
Jπ

gJ

∑
lj Tlj(J

π, E)∑
αλα Tαλα(J

π, Eα)
Tf(J

π, Ex), Tf(J
π, Ex) =

T Jπ
1 T Jπ

2

T Jπ
1 + T Jπ

2



Di�erential �ssion cross section:

dσf(E)

dΩ
=

πλ2

4π

∑
Jπ

gJ
∑

Q=0,2,4,...

(2Q+1)

∑
lj zQ(ljJ)Tlj(J

π, E)∑
αλα Tαλα(J

π, Eα)
×

× Tf(J
π, Ex) bQ(J

π, Ex)PQ(cos θ)

zQ(ljJ) � numerical coe�cient

�ssion probability distribution over K: β(JπK) =
Tf(J

πK,Ex)

Tf(Jπ, Ex)

discrete function of �ssion

probability distribution: bQ(J
π, Ex) =

∑
K

CJK
JKQ0 β(J

πK)

Angular distribution of �ssion fragments:

W (θ)=
dσf(E)/dΩ

σf(E)
≃

1

4π
(1+A2P2(cos θ)+A4P4(cos θ)) ,

W (0◦)

W (90◦)
≃

1+A2

1−A2/2
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¾Low¿ energies:

E∗ = Ex −Bf < ∆+ Udown

β(JπK) ∼ e−α(|K|−K1)2

-

6

K

β(JπK)

−K1 K1

¾High¿ energies:

E∗ = Ex −Bf > ∆+ Uup

β(JπK) ∼ e
− K2

2K2
0 , K2

0 =
IeffT

ℏ2
-

6

K

β(JπK)

Additional parameters:

Uup = 0.4 MeV, Udown = −0.1 MeV, α = 0.15, K1 =

 0.0, 238Np,
0.5, 237Np,
1.5, all other isitopes.

ℏ2

Jeff

= 0.022 MeV

ℏ2

Jeff

= 0.017 MeV

ℏ2

Jeff

= 0.012 MeV
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Problems at low energies:

β(JπK) ∼ e−α(|K|−K1)
2
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εi(KJπ) = ϵi(Kπ)+
J(J +1)−K(K +1)

2I⊥i

Ei(KJπ) = Bi + εi(KJπ)

Ek = Ex − Ei(KJπ)

Hill-Wheeler: Ti(Ek) =
1

1+ e
−2π

Ek
ℏωi

T JπK
i (Ex) =

∑
Ti(Ex−Bi−εi(KJπ))+

Ex∫
Eci(JπK)

ρdefi (E, JπK)Ti(Ex−Bi−E) dE.

T.Ericson.

On the level density of deformed nuclei. � Nucl. Phys. 6 62 (1958)



Level density for deformed nuclei:

ρdefF (E, JπK) =
1

2
KcollX(E, J,K)Rdef(E, J) ρtotF (E),

Rdef(E, J) =
2J +1

2σ2⊥
e
−J(J+1)

2σ2⊥ ,
∑
J

Rdef(E, J) = 1

X(E, J,K) =
e
− ℏ2K2

2IeffT

2J +1
,

∑
K

X(E, J,K) ≃ 1, if ℏ2J2 ≪ IeffT



Angular anisotropy for 236U

¾High¿ energies:

β(JπK) ∼ e
− ℏ2K2

2IeffT
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Angular anisotropy for 236U(n,f)

¾Low¿ energies:

β(JπK) ∼ e−α(|K|−K1)
2
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Angular anisotropy for 236U

¾Low¿ energies:

β(JπK) ∼ e−α(|K|−K1)
2

K1 = K1(J
π)

-

6

K

β(JπK)

−K1 K1



Summary

1. Transition states � states of rotational bands with given J, π and K � determine
both the �ssion probability and the angular distribution of �ssion fragments

2. To describe the �ssion mechanism, it is necessary to take into account the
dependence of the density of transition states on the quantum number K

3. We are working


