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Motivation for precision mass measurements

* Nuclear physics: modification of shell model far
from the valley of stablility in neutron-rich matter
(magic numbers), halo nuclei (dm/m ~ 10-7-1073)

» Particle physics: unitarity of CKM matrix, CVC
hypothesis (dm/m ~ 10-°)

» Astrophysics: nucleosynthesis (r-, rp-process)
(dm/m ~ 10-7-10-8)
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Penning trap mass spectrometry
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Measurement uncertainty

« Uncertainty given by B = magnetic field

5_m C m 1 T, = excitation time

N = number of ions
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Charge breeding
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CPET motivation

« Charge breeding increases energy spread of
lons

* lons sample a larger volume in MPET and see a
larger field distribution

 CPET will cool ions prior to injection, reducing
emittance and measurement uncertainty
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Electron cooling
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Electron cooling — theory

* |lons give up energy to
cold electrons

« Electrons gain energy,
but re-cool through
synchrotron radiation
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Electron cooling — theory

 Electron-ion recombination increases as ion
energy decreases - contamination of charge state

* lons must be separated from electrons
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CPET structure
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CPET status

« Trap is assembled

 Remaining beamline components are being
cleaned & assembled, including electron source

 First offline testing begins in Summer 2012

Field emission tips
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Conclusion

* Precision mass measurements at TITAN provide
Important information for nuclear physics,
particle physics, and astrophysics

« Highly charged ions can be used to decrease
the uncertainty, but must be cooled prior to the
measurement

 CPET Is a unique trap, which will cool ions
before injection into MPET

CPET team: Vanessa Simon, Usman Chowdhury, Gerald Gwinner
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Proton cooling
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