N
N

N

HAL

open science

Laser trapped °He as a probe of the weak interaction
and a test of the sudden approximation

A. Leredde, Y. Bagdasarova, K. Bailey, X. Fléchard, A. Knecht, A. Garcia, R.

Hong, E. Liénard, P. Miiller, O Naviliat-Cuncic, et al.

» To cite this version:

A. Leredde, Y. Bagdasarova, K. Bailey, X. Fléchard, A. Knecht, et al.. Laser trapped ®He as a probe
of the weak interaction and a test of the sudden approximation. XXIX International Conference
on Photonic, Electronic, and Atomic Collisions (ICPEAC2015), Jul 2015, Tolede, Spain. pp.052066,
10.1088/1742-6596/635/5/052066 . in2p3-01213959

HAL Id: in2p3-01213959
https://hal.in2p3.fr/in2p3-01213959
Submitted on 9 Oct 2015

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.in2p3.fr/in2p3-01213959
https://hal.archives-ouvertes.fr

IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

6

Laser trapped “He as a probe of the weak interaction and a test of the sudden approximation

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2015 J. Phys.: Conf. Ser. 635 052066
(http://iopscience.iop.org/1742-6596/635/5/052066)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 193.54.110.36
This content was downloaded on 09/10/2015 at 13:46

Please note that terms and conditions apply.



iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/635/5
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

XXIX International Conference on Photonic, Electronic, and Atomic Collisions (ICPEAC2015)

IOP Publishing

Journal of Physics: Conference Series 635 (2015) 052066

doi:10.1088/1742-6596/635/5/052066

Laser trapped °He as a probe of the weak interaction and a test of
the sudden approximation

A. Leredde*!, Y. Bagdasarova', K. Bailey*, X. Fléchard® A. Knecht®, A. Garciaf, R.
Hong', E. Liénard* P. Miiller*, O. Naviliat-Cuncic* T.P. O’Connor*, M. Sternberg’, D.
Stormf, E. Swanson', F. Wauters!, D. Zumwalt’

* Physics division, Argonne National Lab., Lemont, IL 60439 , USA
 University of Washington, Seattle, WA 98195, USA
f LPC-Caen, IN2P3-ENSICAEN-Université de Caen Basse-Normandie, Caen 14050 Cedex, France
* Michigan State University, East Lansing, MI 48824, USA

® Paul Scherrer Institute, 5232 Viligent , Switzerland

Synopsis Correlations between  decay products are sensitive observables to look for exotic contributions to
the weak interaction excluded by the Standard Model of particle physics. To precisely measure the 5 — v angular
correlation parameter, ag,, in °He 8 decay, the radioactive atoms are trapped in a magneto-optical trap and
the momentum of 8 particles and °Li recoil ions are measured in coincidence. The shake-off process, leading to
higher charge states of the Li, plays an important role in this observation and must be studied carefully. Its study
provides stringent tests of the sudden approximation for atomic calculations in this few electron system.

The study of 8 — v correlations in the He 3
decay is ideal to search for tensor-like contribu-
tions to the weak interaction. Its pure Gamow-
Teller decay is free from branching and mixing
ratios related uncertainties and its simple atomic
and nuclear structures allow to perform ab initio
calculations for recoil and radiative corrections.

Up to 2x10'° SHe/s are produced via the
2H("Li,>He)®He nuclear reaction by impinging a
15 pA deuteron beam, accelerated at 18 MeV
with the tandem Van de Graaff at the Univer-
sity of Washington, onto a liquid lithium tar-
get. To be manipulated by lasers, noble gas
atoms first have to be excited to their metastable
state. An RF-discharge brings a small frac-
tion of the atoms into the 23S; state which is
then focused by means of a transverse cooling
stage and injected in a zero crossing Zeeman
slower. A 2-dimensional focusing setup sits at the
zero-crossing, taking advantage of the quadrupo-
lar magnetic field, and re-focus the slow atomic
beam towards our first trap. The trapping ef-
ficiency is optimized by increasing the fluores-
cence signal from a large *He trap. For %He, an
additional laser beam at 706 nm (23Py —33S;)
increases the detection efficiency and allows to
detect less than 10 atoms in our trap.

The 8 decay is studied in a second trap iso-
lated from the first by a low conductance tube
and a shutter. The trapped atoms are period-
ically pushed out of the first MOT and then
guided by a 2-dimensional blue-detuned optical
dipole trap towards the second MOT. Surround-
ing the second trap are a 3 detector which trig-
gers our acquisition system, an electrode array

to collect the recoiling ions and a microchan-
nel plate detector to detect them. Trap prop-
erties and dynamics can be studied by collecting
Penning ions resulting from He(2s)+He(2s) and
He(2s)+residual gas collisions.

Different charge states of the recoiling °Li
ions, resulting from the 5 decay and potentially
followed by single or double shake-off emission,
can be distinguished by their time-of-flight distri-
butions. However, due to their recoil energy dis-
tribution (up to 1.4 keV) and their angular corre-
lation with the 3 particles, an accurate measure
of ag, requires a precise knowledge of the shake-
off probabilities. In particular, the dependence
on recoil energy and electronic state population
need to be studied. A similar study has been
performed in the case of the SHet 3 decay [1]
and found in very good agreement with theoret-
ical calculations relying on the sudden approx-
imation. Our experiment with a two-electrons
system also allows to look for double shake-off
emission and test the e — e~ correlation.

Our dedicated setup will be presented at the
conference along with early results for both 8 —v
correlations and shake-off emissions.

This material is based upon work supported
by the U.S. Department of Energy, Office of Sci-
ence, Office of Nuclear Physics, under contract
numbers DE-AC02-06CH11357 and DE-FGO02-
97ER41020.
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