4. Alpha Transition Probabilities

Preston! has derived the solution for t&,, in a one-body model, for the transfer of /-units of angular
momentum to the alpha particle from a parent of atomic number Z, as

(9 oo W2(H + KP) +tan’ag(Cf + SP)+2utanag(CrK) = SiH) e, )
=In2— e
e 2v Wtanao(H,C; + K;S))Q,
where
; Sitan(ukry) + C )
= —tana
H 0 K, — Hjitan(pkr,) @
and
0o = cos Y (mv?ry/4e?Z)? 3)
k=mv/h
_ 4e?Zz .
Wy = (0g — Sinacosa).

hv
Q, is a rational function of tana, and the daughter nuclear radius ry, and C;, S;, H;, and K; are polynomials

in M= , defined in Table 6.

"o Table 6.
[-transfer Parameters
=0 Qo=1, Sg=1, Cy=0, Hy=0, Ky=1
/=1 _ (k=2tanayg)

= §,=M, C,=-1, H,;=M?-1, K,=M
17 (k+2tanag) ' Tt ! ! !

= K+10uM-6tana
=2 2:( a 0),52:3/\42—1, C,=—3M, H,=3M(2M?-1),
(K+10pM +6tanay)
K,=6M?*-1
=3 _ K+28uM~12tana+(44/k)tan’a

, S;=—6M+15M°,

¥ k+28uM+12tana+(44/k)tanay
C3=1-15M?, Hy=1-21M?+45M*, K;=—6M+45M>
/=4 _ K(k+60pM)-20tancy(40puM +k)+140

= , S4=1-45M*+105M*,
47 K(K+60UM)+20tanao(40uM +K)+140 ' ~*
C,=10M-105M3, H,=10M-195M3+420M°, K ,=1-55M>+420M*

In the equations above, m is the alpha-particle mass, v=+2E,/m is the alpha-particle velocity where the a
particle energy (in laboratory coordinates) is given by

M recoil

Ea=Qur, @

recoil M ’
k=4e?Z/hv, and Q,, is the alpha decay energy, in MeV, corrected for screening by?
Q. = Q, +0.0000653Z7 - 0.0000802% (5)

The parameters p and r, are variables whose values are typically established for ground-state to
ground-state transitions of even-even nuclei (/=0) by equating the right side of equation (2) to the experi-
mental partial half-life for alpha decay, corresponding to a "hindrance factor" HF=1, and solving equations
(2) and (3) simultaneously. The ground-state even-even r, values are used to calculate HF for transitions
to excited states in the same nuclei. For odd-even and odd-odd nuclei, ry is interpolated from the values
for neighboring even-even ground-state transitions. The /-transfer can take values from |j;—ji| to j:+j,
where j¢, j; are the final and initial level spins, respectively.
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