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Tunneling model of
alpha emission

In the case of the Coulomb barrier,
the above integral can be evaluated

exactly.

b

; lr  Svacs W/ - % o v,
|l _
VU logT =a+
A VO,

Geiger-Nuttall law of alpha decay 1911

Separation of centers (fermis)

EC10: For the Coulomb barrier above, derive the
Geiger-Nuttall law. Assume that the energy of an
alpha particle is E=Q, and that the outer turning
point is much greater than the potential radius.
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" Fine structure in alpha decay

PYRRY l j l l Ii
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One still has to consider: w,,* B (120]

» alpha-particle formation

« angular momentum of
alpha particle (centrifugal
barrier effect)

centrifugal barrier effect

Aa (£)
Aq (£=0)

AN bW =0 o

0.7

0.37
0.137
0.037

7.1 x 1073
1.1 x 10-3




Superheavy element alpha decays

12.33 MeV 12.36 MeV 12.46 MeV 11.45 MeV
str 1 35.8tmm  str2 23.5tmm  str15 52.7tmm  str 12 24.7tmm
12:32 Aug 08 23.9pmm  19:11 Aug 21 35.8pmm  12:04 Aug 23 6.50mm  17:29 Sep 01 35.1p mm

10.969¢g MeV 11.18345 MeV 11.20379 MeV
294447| missing o 2934147/ 0.043 ms 293447/ 2.553 ms 293447/ 8.173 ms
oy o 23.2tmm oy 51.0t mm a4 25.1tmm
4 4 34.3b mm 4 8.2b mm 34.2b mm
10.23150 MeV 10.6933 MeV (0.91/2+10.24) 10.36445 MeV 10.27979 MeV
290115| 0.3887 s 289115 0.0136 s 289115 0.9572's 2891158 0.0565's
oy 36.1¢tmm o o 52.5¢mm o 25.3tmm
P4 23.9p mm P4 6.7b mm 35.5p mm
9.65150 MeV 9.9024g MeV 9.845,48 MeV 9.86779 MeV
286 113 36.4506 s 285113| 0.4281s 285113 1.3712s 2851131 4.2130s
a3 gigt mm a3 23.8tmm a3 52.6t mm a3 25.2tmm
4p mm P4 35.8p mm 6.4 mm 34.9p mm
9.00150 MeV 201.0 MeV 238.0 MeV 9.3630 MeV (0.82/2+8.95)
282Rq J 166.8553 s 15.0551 s 4.7521s 281Rg [l 34642
ol 36.1¢mm 23.6t mm 49.9t mm o
23.7p mm 36.2p mm 9.4p mm
78 182.0 MeV
I ‘Za) 2x10°1" 3x10714 - s 4x10°17
S 34.85 mm
8.73250 MeV
274RK W 39.1454 s 13.88 MeV 17.16 MeV 11.70 MeV
o 36.3tmm (€) str1 43tmm  str14 224tmm  str 16 51.0tmm
24.0b mm 13:26 Oct 05 157bmm  09:29 Oct 22 36.9omm  15:23 Oct 22 8.7p mm
221.7 MeV
1.1564 h 11.05950 MeV
35.6tmm 2934171 45.762 ms 293447 | missing o 293447 ;éilggﬁyev
24.0p mm o 43.8t mm oy o 51.0tmm
v 16.15 mm P P 8.26 mm
_ 11 10.36250 MeV 10.14566 MeV
Nran=3x10 2891150 0.0161 s 2891151 0.0852's 289115l missing o
o 44.0t mm o 23.1¢tmm o
15.8p mm 36.2b mm
9.7591pg MeV (1.110+8.649) 9.47166 MeV
285 113§ 0.2589s 285113 0.2456 s 285 113 f| missing o
a3 38.2t mm a3 22.7t mm a3
21.1p mm 36.8p mm
9.28050 MeV 192.0 MeV 219.7 MeV
281Rg [ 29249 21.8372s 4.4880's
o 44 1t mm 22.8tmm 47.5t mm
15.9p mm 36.5p mm 11.9p mm
229.7 MeV (138.9+90.8)
3x10-20 gfgfnTnj 1x10-9 2x104
15.7p mm

Phys. Rev. C 87, 054621 (2013)



o-decay half-life (s)
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Superheavy element alpha decays

N—16247 * 7=111
Fiod W

113

1
1‘;)7?,, 109',",Y$$ $° + T !
s A i] oA
N=152 A TA
: LY : &
109 113

Neutron number

Phys. Rev. C 87, 054621 (2013)



E.=4711(3)
b,=89(4)%

Superallowed alpha decays

o2 o2 104Te 105Te 106Te 107Te 108Te
()Te/oPo 212PO 213PO 214PO 215PO 21GPO
4L
(7/27) 7
E.=3910(10) 109 3r %
b.=31(7)%
(7/2) — E.=4063(4) xe 2
b,=69(7)%
E =150(5) Al=2( ) ¢
(5/27) 1L
105Te 1 1 1 I 1
E ~4880(20) coret+ o+ 0On 1n 2n 3n 4n
b.=11(4)%

Al=2

(5/2") AI=0
E =172(2)
(712")

101 Sn
E,=3691(5)
b,=0.47(9)%

(712") Al=2
E =168
(5/2")

1038n

The inversion of the ground-

E,=3463(50) .
gy e "Xe state spins between 1%3Sn and
o 101Sn is due to the strong pairing

E =90
(5/2")

Al=2

interaction between g, valence

107Te

E.=3853(13)
b,=70(30)%
Al=0

neutrons.

Phys. Rev. Lett. 105, 162502 (2010)



Proton emitters
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Proton emission
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The landscape of two-proton radioactivity
E. Olsen et al,
PRL 111, 139903 (2013); E: PRL 111, 139903 (2013)
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Energy - angle 2D correlation

3-body model prediction Experiment



