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Abstract: The observation of weak interactions in atomic systems have played a mayor
role in the acceptance of the Standard Model of the electroweak unification. In
particular atomic parity violation (APV) is the only route to investigating contribution
of the weak interactions at low momentum transfer and ions of the alkaline earth metal



THE WEINBERG ANGLE



Atomic parity violation (APV)

sin%(0,,) = (1 — (M,,/M,)?) + rad. corrections + New Physics
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Kumar, Marciano, Annu. Rev. of Nucl. Part. Sci. 63, 237 (2013)
Davoudiasl, Lee, Marciano, Phys. Rev. D 89, 095006 (2014); Phys. Rev. D 92, 055005 (2015)
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Cs Atomic Parity Violation
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SINGLE ION APV



Weak Interaction in Atoms

Interference of EM and Weak interactions
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Scaling of the APV
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Relativistic coupled-cluster (CC) calculation of E1,,, in Ra*
El,p, =46.4(1.4) - 101 iea, (-Q,/N) (3% accuracy)

Other results:

45.9 - 10t ieay (—Q,/N) (Rr. Paietal, Phys. Rev. A 79, 062505 (2009), Dzuba et al., Phys Rev. A 63, 062101 (2001).)



Experiment requires Trapping
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TRAPPING RA ION



Radium Isotopes

206Pp + 12C —y ARa + (218-A) n
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Trapped Ra* Spectroscopy
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Hyperfine Structure of 6d D, ,, in Ra*
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Probe of atomic theory & size and shape of
the nucleus
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Summary Ra* Measurements

Hyperfine Structure:

Atomic wave functions at the origin

Isotope Shifts:

Atomic theory & size and shape of the nucleus

State lifetime:

Probe of S-D E2 matrix element
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COMPLEMENTARY RADIUM
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muX@PSI

Radium Charge Radium

Beamtime to improve sensitivity of muonic x-ray measurements this summer

Measurement of the charge radius of radium

A. Antognini?, N. Berger®, D. vom Bruch?®, P. Indelicato?,
K. Jungmann®, K. Kirch'?, A. Knecht!, A. Papa!, R. Pohl®,
M. Pospelov™, E. Rapisarda®, N. Severijns’, F. Wauters®, and
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Abstract

The charge radius of a madlens is one of its defining parameters and of mherent mnportance
for the understanding and the caleulation of its interactions. In the realm of radiactive
atoms only a few aleclute charge radn have been measared and speaally o the case of
radim an uposning expenment aming at measunng atomic panty wiolation m a single
Ra' ion will only be able to reach its full potential if the so far unmessured radnm charge
radnes 15 known to ILE5E ar hetier.

We propoee to employ the slow muon beam lne developed for the Lamb shift expers
ment in order to stop the negative muons na mdiam target of several micrograms. Precise
gaunma spectmacopy of the emitted muonic X-rays will allow the extraction of the radiom
charge mdius with sufficient acowracy. Additionally alse the unkoown charge radin of che-
nium, curim, and poloniam wall be ohtaned over the course of the expermmental campengm.



BARIUM ION



Hyperbolic Single lon Trap
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Importance of Line Shape

Optical Bloch equation

3 level example
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SUMMARY



Accuracy of Single lon Experiment

£ PNC gPNCE
3{;"“‘3 f\/Nrt

Eo = Light electric field amplltude, 7 = Coherence time
N = Number of ions = 1, t = Time of observation

Coherence | Projected | Measurement
Time Accuracy Time
80 sec 0.2% 1.1 day
Ra* 0.6 sec 0.2% 1.4 day

If coherence time can be fully exploited



Ratio measurement

Insensitivity of Ratio of measurements of E1,,, for isotopes to atomic
structure. V. A. Dzuba, V. V. Flambaum, and I. B. Khriplovich, Z. Phys. D, 1, 243 (1985)

Elm (N) =K(N) Q(N) m—

Elyy (N) _ k(N) Qu(N) _ Qu(N)
EL 0, () K(N) Qu(N') ~ Q4 (N')

Best case scenario:
For radium a wide range of isotopes is available

AN = N'—-N >10



_aser Cooling of Ra ions for
Atomic Parity Violation

E1l — k-
Atomic Parity Violation: APV Qw

Ba* ¢ Developing experimental setup

« Atomic properties determination Mn‘-ﬁ&_\\ -
- - - QUMLT;
« Light shifts and Line shapes

Frequency 650 nm laser — 461 311 000 MHz

Ra* « Atomic Properties from online produced radium
« Trapping and laser spectroscopy done at TRIuP
 Activity on Ra* colinear spectroscopy (ISOLDE)
* Muonic Radium experiments for charge radius

ISOLDE

* lon trapping permits access to many transitions
 Laser cooling for precision

 Availability of a large range of Ra isotopes

 Lab with experience of precision lasers experiments
 Building up of a collaboration




