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Nucleosynthesis and r-process
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Atomic Mass Evaluation 2003

In total: 3180 nuclides
1 Measured masses: 2228
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Atomic Mass Evaluation 2003

In total: 1158 nuclides
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Atomic Mass Evaluation 2003

In total: 181 nuclides
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Atomic Mass Evaluation 2003

In total: 24 nuclides
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Penning traps at accelerators
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Production of radioactive nuclides at ISOLDE
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Production of radioactive nuclides at ISOLDE
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ISOLTRAP: Experimental setup




ISOLTRAP: Experimental setup
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Principle of mass determination
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motional modes of ion stored

In a Penning trap

cyclotron (+)

magnetron (-)




Principle of mass determination

Conversion of magnetron
Into cyclotron motion

Magnetron excitation

Quadrupole excitation v

radial = axial energy passing B-field

gradient
after ejection
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Principle of mass determination

mean TOF TOF spectrum
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Example: 8°Rb (900ms excitation duration)




Principle of mass determination
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Principle of mass determination

cyclotron frequency cyclotron frequency
of "unknown" nuclide of well-known nuclide

determination of mass ratio
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Stable alkali ions as mass references
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Carbon clusters as mass references
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Determination of the mass accuracy

Combined carbon cluster cross-reference measurements
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Relative mass accuracy limit: (ém/m);,, =810

A. Kellerbauer et al., EPJ D 22, 53 (2003)




ISOLTRAP mass measurements in 2004-2005 =L

Nuclides measured
In 2004/2005

127,128,131-134Sn

lZGXe, 136Xe

- -
§ 118,120,122-124Cd .

Highlights

@ J84Kr1 86-95K 1
h Nuclide Half-life Uncertainty
1’Ne 109 ms
35-38K, 43-46K
S ﬂ 22\Mg 3.86s

35K 178 ms

8l7n 290 ms




The mass of Mg

Mean time of flight / ps
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Mass uncertainty reduced by ISOLTRAP

e measured frequency ratios and data flow



Solving the mass discrepancy of Mg
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M. Mukherjee et al., Phys. Rev. Lett. 93, 150801 (2004).




lon yields at ISOLDE

neutrons ——




lon yields at ISOLDE

SC and PSB
yields
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courtesy: M. Turrion



ISOLDE target for Zn run g

guartz transfer line

UC, target
RILIS

courtesy: T. Stora et al.




Yields at ISOLTRAP frap
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Preliminary result for mass excess Zn
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lon yields at ISOLDE
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yields
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A novel idea: In-trap decay mass spectrometry

produced
at ISOLDE 100

+ .@ 50

not produced
at ISOLDE

20 cm

z (mm)

» Make more radioactive
species available -50

» Nearly simultaneous o,
measurement of mother
and daughter nuclei

> Test candidate: 3’K = 37Ar

-100

Herlert et al., New J. Phys. 7, 44 (2005)



In-trap decay results
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100 eV ion
bunches

| 2nd nulsed
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Mass Spetrometry
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Elements/isotopes which are in principle not produced are accessible!
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mean TOF / us
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61 F i ¥4 F 63 F ' ]
(v, - 1490700.3 Hz) / Hz
26 e 391 26 e 36) 26 e 37

S 35 685 0 6.15 (512)°
M -58921 (20) M - 58901 (14) M - 55550 (170)
B~=100% B~=100% B-=100%

G‘IM M 63“
el n36 n 37)] 25 n38

670 ms (5/2) 92ms(1*) 671 ms (3*) 275 ms 572~ #
M ~51560 (230) EexO# (150¢) M ~48040(220) M ~46350 (260)
B~=100% B~=100% B~ =100% B~=100%
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Summary

* mass determination with a time-of-flight cyclotron resonance
detection technique

limited by:
nuclide production rate above 100 s
half-life (so far) over 65ms
systematic uncertainty limit:

(dm/m);;, =8:10°

e 5O far mass measurements on more than 300 radionuclides
at ISOLTRAP for tests of nuclear structure, mass models,
a contributions to a CKM unitarity test, ...

* new techniques and development:
In-trap decay method, new ion sources and detector,
magnetic field stabilization, new excitation schemes, ...
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