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1 Introduction

The purpose of this letter is to address the comments/issues raised by the INTC referees
regarding the INTC-2014-062, P-426 proposal.

The first comment concerned the choice of crystals for the 35Ar implantation tests of
the first phase of the project. This first step is necessary to find the best suited crystal
to implant and maintain the polarization long enough to measure the experimental
assymetry of its β decay in conditions compatible with the high precision goal pursued by
the proposed experiment. It is a well known fact that there are few physics guidelines to
determine which material is the best to implant a given element, and the trial and error
experimental method has to be employed. Published results are very scarce, especially
for elements that could be compared to the 35Ar case study.

The second comment of the committee concerns the use of a pulsed beam and time
resolved detection. Here we emphasize that this has always been our intention for all
measurements to be conducted in the context of this proposal.

2 Considerations regarding the choice of crystals for

polarized 35Ar implantation tests.

At TRIUMF-ISAC, Rob Kiefl and his team have built up a vast database about the
relaxation of nuclear polarization in a wide range of host materials. However, the vast
majority of their work has been on 8Li [1, 2, 3] and is not transferable to 35Ar due to
substantial differences in both chemical and nuclear properties of both elements. Firstly
the valence state, atomic radius and electronegativity of the probe strongly influence the
implantation site and state. Secondly the relaxation can even be isotope dependent as the
relaxation depends on the scale of the magnetic moment and the electrostatic quadrupole
moment. Although much studied in solid-state research, to the best of our knowledge
the accurate prediction of relaxation times for a given probe-host combination remains
illusive. Despite this, a range of well established guidelines and previous experience can
be drawn upon when selecting possible combinations.
Following the experience of Rob Kiefl and in line with our findings in literature (cf.[4],
i.e. the ref.[21] in our proposal) a magnetic field of about 1 T or more and preferably also
temperatures below 20 K to quench any relaxation from low frequency dynamics either
magnetic or quadrupolar in nature, are desirable.
Further, a cubic insulator with a large band gap seems to be a good choice since there
should then be no Korringa relaxation (as is the case in metals) and the sites are all cubic.
One should also try to avoid paramagnetic defects being created in the implantation
process and for Ar to avoid that some small fraction of it ends up as Ar+ which is
paramagnetic. In the latter case there may be two-component relaxation. A good option
would be (simple) cubic metals, such as e.g. Au, in which case there is no question about
the charge state, all the sites are cubic and the Korringa relaxation is linear in temperature
so will be very small at low temperature.
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Figure 1: (Left) Polarization of 35Ar in KBr as a function of temperature. (Right) Polar-
ization of 35Ar in KBr as a function of time at a temperature of 20 K, corresponding to
a relaxation time of T1 = (3.4 + 1.50.78) s. The 35Ar was produced in the fragmentation
reaction 36Ar + 9Be →

35Ar + X and observed at an ejection angle of 0.7(6)◦, leading to
a nuclear polarization of about 1.5% [4].

As mentioned already, 35Ar has already been implanted and its polarization studied in
KBr (see fig.1).
Following from the request of the committee to perform additional literature surveys
we identified one other promising candidate. Wikner et al. [5] reported nuclear
quadrupole relaxation times T1 of 5.2(5) s for 35Cl in NaCl and 8.5(9) s for 35Cl
in KCl, each time at 298 K. Since 35Cl and 35Ar have the same spin-parity of 3/2+

and both the magnetic and quadrupolar moments are very close as well (+0.82 µN

and -0.082 b for 35Cl, and +0.63 µN and -0.084 b for 35Ar) these relaxation times
are most likely good estimates for 35Ar. Thus our previous proposal of NaCl has been
further supported and we would now add KCl to our preferential list of test host materials.

Finally our preferred list of host materials to test online has evolved to the following :

KBr, Si, NaCl, NaF, KCl and Au

3 Measuring the β assymetry in a time differential

mode with a pulsed beam

It should be emphasized that all measurements proposed within the context of P-426 not
only benefit from time correlated detection but absolutely require it.
The first major objective of INTC-2014-062, P-426 is the measurement of the relaxation
time for the various candidate crystals and this type of measurement can only be con-
ducted by utilising the time dependent information. In fact, for the crystal tests at the
COLLAPS setup, it is foreseen to implant only 10 ms of the released 35Ar per proton
pulse and subsequently record the asymmetry as a function of time.
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One could argue that bunching the beam with ISCOOL would reduce the time uncertainty
on the final relaxation times obtained although we feel that the small improvement would
not justify the undue additional technical complication and loss of versatility in scheduling
unless the precise knowledge of these relaxation times was requested by the solid state
community. The production rates are such that at COLLAPS, the scintillation detectors
would be at the limit of saturation so no potential gain in signal by bunching rather than
chopping can either be expected or required.
Our second objective of comparing the polarisation enhancement obtainable with laser and
near-resonant collisional re-ionization at the VITO beamline could also only be conducted
with bunched beam from ISCOOL, due to the duty cycle losses that would otherwise be
incurred in pulsed laser re-ionization.
In conclusion, we thank the committee for recognising the importance of recording time
correlated data and note that this was already our plan for all shifts requested within the
framework of this proposal.

References

[1] Morris GD, et al. Phys. Rev. Lett. 93 157601 (2004)

[2] Fan I, et al. Physica B 404 5 (2009) pp. 906-909

[3] Mansour AI, et al. Physica B 404 5 (2009) pp. 910-913

[4] Matsuta K, et al. Nuc. Phys. A 701 383c (2002)

[5] Wikner EG, et al. Phys. Rev. 118 631 (1960)

[6] Ramos J, et al. Nucl. Inst. Meth. B 320 83-88 (2014)

4


