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The Proton Drip-Line for 50 < Z <85

ANL-P-22,108
85
BETA - DEFORMATION
80— Above 0.25
0.15-0.25
0.05-0.15
B 0.05--0.05
75 0.15 --0.05
0.25 --0.15
Below 0.25
70}

141Ho
135Th

65 130E

PROTON NUMBER

60

95

50 60 70 80 90 100 110
NEUT RON NUMBER )

Pioneering Office of Science r’
® Science and U.S. Department
Technology of Energy J




Proton-nucleus Potential for 167|r

30 | T | T I T | T
B 1EiT| ; 1 EilEEiD5 .
20 -
10 —
; - -
= Y ff
- - E p= 1.24 eV -
=
= ol _
| =0 -
20— — T1 2 fcalc) — —
— EF,I:I{EI'-..":l |l =0 | =2 |=5 T1.'2 (exp)
30 [[M06416) |28 m=[2230 ms| 470 s[110{15) msH
ZJI 12387162 us[12ms] 25| 75(19) s ]
Ty l ] I 1 ] 1

I
0 20 a0 &0 20
R {fm)

3

0 Pioneering Office of Science '
a2 Science and U.S. Department
@ Technology of Energy “‘



Proton Radioactivity Research at the FMA
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Protons from the Decay of Highly-Deformed 13°Th
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Calculated and Experimental Ty for 13°Tb
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Calculated and Experimental Ty for 130Eu
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Fine Structure in Proton Decay
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Fine Structure in 141Ho Decay (Rykaczewski et al.)
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Proton Decay Rate Calculations
(with Henning Esbensen)

* Solve the Schroedinger equation in the adiabatic limit,
for a unbound proton interacting with an inert core. Use
a Woods-Saxon form-factor for the Coulomb, nuclear,
and spin-orbit potentials.

* For deformed emitters, expand the intrinsic wave
function in spherical components. All potentials are
deformed, with axial symmetry assumed. Q =K, where Q
IS the projection of the proton angular momentum on the
Z-axis of the nucleus, and K is the total angular
momentum projection.

* The Green’s function technique compensates for the
long-range Coulomb coupling.

10

N Pioneerin g Office of Science '
#Ha® Science and U.S. Department
&8 Technology of Energy ,‘



What Happens if the Axial Symmetry
Requirement Is Relaxed?

* Introduce a non axially-symmetric Woods-Saxon form-
factor for the Coulomb, nuclear, and spin-orbit
potentials. The triaxiality parameter is the angle vy, which
varies from 0°- 60°.

* Qis no longer agood quantum number. The wave
function will have good K, but with Q-mixing. This
mixing will influence the overall decay rate and the fine
structure branching ratio.
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Q-Amplitudes for j=7/2 Spherical Wave
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Decay Width for 141H

o vs. Triaxial Angle y
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141Ho Fine-Structure Branchin
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Conclusions

The Green’s function technique in the adiabatic limit has
had excellent success in describing the decay rates and
fine structure branching ratios for a number of well-
deformed odd-A and odd-odd proton emitters.

In the case of 41Ho, non axially-symmetric potentials
spoil the agreement between experiment and calculation
for triaxial angles y > 5°.

Odd-odd proton emitters present the opportunity to
study the residual n-p interaction, which has so far not
been included in decay rate calculations. Itis also
desirable to include pairing microscopically.
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