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Plan:1) T-odd angular 
orrelations in ternary �ssion2) model des
ription of these 
orrelations by spin-orbit intera
tion3) eviden
es for target spin e�e
ts and their interpretation4) spe
i�
ation for the model with spin-orbit intera
tion for ternary �ssion



Asymmetries (∼ 10−3) in �ssion with third parti
le emission (α-parti
le,if in ternary �ssion):
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s

pf

D13(θ) =
N1 −N3

N1 +N3

D24(π − θ) =
N2 −N4

N2 +N4

D =
(N1 +N2)− (N3 +N4)

(N1 +N2) + (N3 +N4)
=

=
D13 + λD24

1+ λ
≈
D13 +D24

2

λ =
N2 +N4

N1 +N3

≈ 1

(y,z)-Transverse asym.: T-e�e
t (�TRI-e�e
t�): D13 ≃ D24 ≃ D (n+233U)z-Reverse asym.: R-e�e
t (�ROT-e�e
t�): D13 ≃ −D24 ⇒ D ≃ 0(n+235U)



Short list of arti
les:T-e�e
t (in ternary �ssion for α parti
le as the third parti
le):P. Jesinger et al., Nu
l. Instr. Meth. Phys. Res. A. 440, (2000) 618P. Jesinger et al. Phys. At. Nu
l. 65, (2002) 630R-e�e
t: (in ternary �ssion for α parti
le as the third parti
le):F. Goennenwein et al., Phys. Lett. B. 652, (2007) 13



Model with spin-orbit intera
tion (A.L.Barabanov. Pro
. 9-th ISINN,Dubna, 2001, P. 93; arXiv: 0712.3543):
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∼
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|
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∣
∣
∣

2

,

V = V0 + (VJl(Jlα) + (Jlα)VJl) , J = JL+ JH + L ∼ s



Model with spin-orbit intera
tion (A.L.Barabanov. Pro
. 9-th ISINN,Dubna, 2001, P. 93; arXiv: 0712.3543):
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dw(θ, ϕ,Eα)

dΩ dEα
=W0(θ) + p(J) cosϕ (W1(θ) +W2(θ)),



T- and R-e�e
ts are of the same nature:

dw(θ, ϕ, Eα)

dΩ dEα
=W0(θ) + p(J) cosϕ (W1(θ) +W2(θ)),
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W0(θ) =
∑

Q=0,1,2...

(2Q+1)aQ(Eα)PQ(cos θ),

W1(θ) =
∑

Q=1,3...

(2Q+1)bQ(Eα)P
1
Q(cos θ),

W2(θ) =
∑

Q=2,4...

(2Q+1)bQ(Eα)P
1
Q(cos θ),

P1
Q(cos θ) = sin θ

dPQ(cos θ)

d cos θ

, therefore: W1(θ) =W1(π − θ)

W2(θ) = −W2(π − θ)if W2(θ) ≃ 0 ⇒ D13 ≃ D24 ≃ D ⇒ T-e�e
t (n+233U)if W1(θ) ≃ 0 ⇒ D13 ≃ −D24 (D≃ 0 !) ⇒ R-e�e
t (n+235U)



3- and 5-fold 
orrelations (T-odd):

dw(θ, ϕ, Eα)

dΩ dEα
=W0(θ) + p(J) cosϕ (W1(θ) +W2(θ)),
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ϕ
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s
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W1(θ) =
∑

Q=1,3...

(2Q+1)bQ(Eα)P
1
Q(cos θ),

W2(θ) =
∑

Q=2,4...

(2Q+1)bQ(Eα)P
1
Q(cos θ),

cosϕW1(θ) = 3 b1(Eα) cosϕ sin θ
︸ ︷︷ ︸

≡

︷ ︸︸ ︷

(pα[s× pf ])

+ . . . ⇒ T-e�e
t (n+233U)

cosϕW2(θ) = 15 b2(Eα) cosϕ sin θ cos θ
︸ ︷︷ ︸

≡

︷ ︸︸ ︷

(pα[s× pf ])(pαpf)

+ . . . ⇒ R-e�e
t (n+235U)



Are there some eviden
es for spin (target spin!) � orbit intera
tion?What is a nature of su
h intera
tion?
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2

,

V = V0 + (VJl(Jlα) + (Jlα)VJl) , J = JL+ JH + L ∼ s



I = 7
2 for 59Co

I = 0 for 60Ni
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A. Bohr, in Pro
. Int.Conf. on the Pea
eful Usesof Atomi
 Energy, Geneva,1955

V.M. Strutinsky, ZhETF 30,606 (1956)

J → J1 + J2 + L

K → K1 + K2

V = V0 + (VJl(Jlα) + (Jlα)VJl) , Jlα = (J1 + J2 + L)lα → Llα



Model with hyperspheri
al harmoni
s for three parti
le in the output
hannel:Usual des
ription of rea
tions (input wave + output waves):
Ψ →

∑

λα

a(λα)







u
(−)
αl

rα
ϕαλα +

∑

β






mβkβ

mαkα






1/2
∑

λβ

SJ(λα → λβ)
u
(+)
βlβ

rβ
ϕ
β
λβ

+

+
∑

γ

k2γ(π/2)
1/2

(mαkα)
1/2

∑

λγ

SJ(λα → λγ)
H

(+)
N+2(kγργ)

(kγργ)2
|JM ;λγ〉


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 .
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ρα

ρf

ρf = ρ sinϑ, ρα = ρ cosϑ,

|JM ;λγ〉 ∼ (sinϑ)lf(cosϑ)lαP
Lf+

1
2,lα+

1
2

n (cos 2ϑ)×

×
∑

C
J0M0
JMlαmα

CJMLfmfFf
Ylαmα(ρα)YLfmf

(ρf) |Ff〉

N = 2n+ lα+ lf



Di�erential 
ross se
tionfor ternary �ssion:
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Y ∗
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Di�erential 
ross se
tionfor ternary �ssion:
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≡
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φ
Q
ΛfΛα

(s,ρf ,ρα)

φ111(s,ρf ,ρα) ∼ (ρα[s× ρf ]) ⇒ T-e�e
t (n+233U)

φ122(s,ρf ,ρα) ∼ (ρα[s× ρf ])(ραρf) ⇒ R-e�e
t (n+235U)



Summary

1. Both T- and R-e�e
ts (in parti
ular, 3- and 5-fold 
orrelations) internary �ssion, apparently, are due to spin-orbit intera
tion that mixesexit states (�nal state intera
tion).

2. Intera
tion of α-parti
le with 
olle
tive degrees of freedom of the�ssioning nu
leus (intera
tion of lα and Lf), apparently, gives dominant
ontribution to the spin-orbit intera
tion.


