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Bl [mportance of nuclear mass
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B The weak r-process , |
* Astrophysical
conditions:
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TABLE II. Nuclei with maximum neutron capture rate sensitivity measures F = 10 from the
combined results of fifty-five neutron capture rate sensitivity studies run under a range of
distinct astrophysical conditions, from Fig. 7.
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I [GISOL: A fast and universal method to produce radioactive ion
beams

J. Arje, J. Aysté et al., PRL 54 (1985) 99
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Mass measurements &
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B The double Penning traps [YFLTRAP

Purification trap
Filled with He gas (~10
“mbar) to cool ions.

Precision trap
High vacuum (~10°/10*mbar)




Bl [on motions in a Penning trap

% In a quadrupolar electric field, o
the motion of an ion undergoes ]
three eigenmotions : An axial
oscillation v, and two radial
oscillations v, and v_

0.01

Z (mm)

-0.01

“ By applying a quadrupolar excitation, a coupling of two eigenmotions
can be excited: The magnetron motion can be converted to reduced
cyclotron motion and vice versa

In an ideal trap :



B 5°Co measurement

% The proximity of the ground and isomeric states
did not allow to separate them and fit the two
states directly on the collected TOF-ICR spectra.

“* The composition of the ion bunches was
manipulated by changing the waiting time from the
moment the ion-beam accumulation in the cooler
was stopped to the extraction toward JYFLTRAP.

% When adding 500ms in the cooler, most of the short
living state decayed
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I °Co measurement

45600
woao | - A(g.5.)=-50385(86) keV

o) b k _ A(i.m.)= -50203(50) keV
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= ool |+ The obtained mass-excess value for 69Co",
sto00 |4 (B oomasme | - =50 203(50) keV is in perfect agreement with
51200

the ground-state value of -50 214(14) keV
reported from the LEBIT Penning trap,
suggesting they have measured the isomer.
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I °Co measurement

% The production rates and determined mass-
excess values for 7°Co changed only
moderately when the measurement cycle was
increased

% The phase-imaging ion-cyclotron-resonance was
used to determine the composition of the 7°Co
beam.

Unfortunately, there was no sign of another long-
lived state at a statistically significant level.
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B N=40 subshell gap
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do not drop significantly after N = 40.
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The D, energy, is about 0.7 MeV lower for N =
40 at ”Co than at ®Ni.

This is consistent with earlier spectroscopic
studies and mass measurements

of °863Cr indicating increased collectivity
below nickel.



I Neutron capture rates for the r-process

% Although mass values impact somewhat on the
neutron capture rates the biggest impact of the reaction
Q value is on the photodisintegration rate:

Ayn < exp(—Qp,y /kT)
% The photodisintegration
rates calculated with the
JYFLTRAP mass value for °Co 0 o |
are estimated to be around 7400 |
times higher than the REACLIB
rates at 1 GK.
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B Summary

“*We have performed the first precision mass measurements of 7°Co.

“*»The position of the (1/2-) proton intruder state in ®?Co was determined for the
first time.

“*The present data confirm that the N = 40 subshell closure gets weaker below
nickel.

“*No strong N =40 subshell closure is observed below nickel, and the S2n values
f(1)110¥v a6gmooth trend, favoring the spherical 7/2— orbital as the ground state
also for *°Co.

“+*The Q value for ®*Co(n, v ) ®Co, Q = 6.52(21) MeV is also much lower than the
value used in REACLIB V1.0 Q =7.29(50) MeV. As a result, the new calculated
photodissocation rate value is much higher.
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