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The halo occurrence observed in light neutron-rich nuclei, such as ''Li, is among the most exciting
phenomena observed far away from stability. It is a remarkable behavior from the nuclear physics
point-of-view, but more generally it is an example of quantum behavior in a microscopic few-body
system, where some of its weakly bound components are venturing (tunneling) beyond the binding
potential of the core. Since the first experiment pointing out the extended nature of the ''Li nucleus
[TANSS], much work both experimentally and theoretically (see [JENO4] for a recent review on halo
physics) have been performed to study and to understand the halo nature of ''Li (and other nuclei).
The halo phenomenon was first suggested by Hansen and Jonson [HANS7]. In their simple model,
they link the extended matter radius of ''Li to the weak binding energy of its last two neutrons (Sz,).
The matter radius decays as an exponential with a length equal to h/(2uSzn)1/2. Although more
advanced models now exist, the binding energy of ''Li remains a key ingredient of those models and
the calculated matter radius is still (very) sensitive to the two-neutron separation energy. With models
of increasing complexity, it is highly desirable to measure the mass of ''Li within a few hundred eV.
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Experimental area

TITAN
ISACI

Primary beam and target (energy, energy spread, intensity, pulse characteristics, emittance)

Secondary channel

Stable 'Li from OLIS at 30 keV of at least 1 - 10 > ions/s
"Li from ISAC at 30 keV of at least 1 - 10 *ions/s

Secondary beam (particle type, momentum range, momentum bite, solid angle, spot size, emittance, intensity, beam purity, target,
special characteristics)

TRIUMF SUPPORT:
Summarize all equipment and technical support to be provided by TRIUMF. If new equipment is required, provide cost estimates.

NOTE: Technical Review Forms must also be provided before allocation of beam time.

NON-TRIUMF SUPPORT:
Summarize the expected sources of funding for the experiment.
Identify major capital items and their costs that will be provided from these funds.
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Summarize possible hazards associated with the experimental apparatus, precautions to be taken, and other matters that should be
brought to the notice of the Safety Officer. Details must be provided separately in a safety report to be prepared by the spokesperson
under the guidance of the Safety Report Guide available from the Science Division Office.

Taking the ISAC ''Li beam in continuous mode gives a neutron field around the beam dump (be this
the RFQ or Penning trap) of 10uSv/Hr at 0.5m. This requires general flagging and ideally borated
paraffin shielding, as used at E996 (GSI experiment).

General TITAN safety (HV).
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(A) Scientific Motivation:

The halo occurrence observed in light neutron-rich nuclei, such as ''Li, is among the most exciting
phenomena observed far away from stability. It is a remarkable behavior from the nuclear physics point-
of-view, but more generally it is an example of quantum behavior in a microscopic few-body system,
where some of its weakly bound components are venturing (tunneling) beyond the binding potential of
the core. Since the first experiment pointing out the extended nature of the ''Li nucleus [TAN85], much
work both experimentally and theoretically (see [JENO4] for a recent review on halo physics) have been
performed to study and to understand the halo nature of ''Li (and other nuclei). The halo phenomenon
was first suggested by Hansen and Jonson [HANS7]. In their simple model, they link the extended matter
radius of ''Li to the weak binding energy of its last two neutrons (S,,). The matter radius decays as an
exponential with a length equal to h/(2pS,,)""%. Although more advanced models now exist, the binding
energy of ''Li remains a key ingredient of those models and the calculated matter radius is still (very)
sensitive to the two-neutron separation energy. With models of increasing complexity, it is highly
desirable to measure the mass of ''Li within a few hundred eV

Last year, the MISTRAL collaboration (based at ISOLDE — CERN) reported at the ENAM’04 conference
[BACO04] the first precise mass measurement of "1i from which they extracted the Sy, of the two halo
neutrons.

While the MISTRAL measurement does not appear particularly anomalous, it is about 76 keV away from
the 2003 Atomic Mass Evaluation (AME) [AUDO03], which corresponds to a change of about 20% of the
binding energy of the two halo neutrons. As the MISTRAL measurement is so much more precise than
the other existing measurements, it is expected to pin down the mass and the S,, for ''Li in the next mass
compilation. A possible issue here is that the next generation of halo models may be based on a single
precise experimental determination of the ''Li binding energy. And, in this context, it is worth noting that
a preliminary and unpublished ''Li mass measurement at MISTRAL made in 2002 placed the mass of
"1i within the limits of AME’03 with a precision of £25keV [LUNO03].
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Figure 1: Comparison of the various S, (mass) measurements for "1 (from [BAC04])
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This 2002 measurement is about 36 away from the present MISTRAL estimate. It therefore makes sense
that a measurement with a similar precision using a different experimental setup should be undertaken to
confirm the MISTRAL measurement. It is also important that this new measurement could be performed
in a timely manner, as the binding energy of ''Li is a key ingredient in so many models, some of them
based on new experimental results. For example, the charge radius of ''Li can be deduced from the total
isotope shift for ''Li, which was recently measured at TRIUMF-ISAC [NORO5a]. The ''Li binding
energy is here needed to calculate the mass dependent isotope shift, which is subtracted to the measured
total isotope shift to give the ''Li charge radius. The effect of the new mass measurement by MISTRAL
is quite dramatic (35% change) [NOROS5Sb]. We propose to use the TITAN facility at ISAC/TRIUMF to
measure the mass of ''Li by using the superior ''Li yield available at ISAC.

References:

[AUDO3] G.Audi et al., Nucl. Phys. A729 (2003) 337

[BACO04] C.Bachelet, ENAM’04 conference; Eur. Phys. J. A25 (2005) 31

[JENO4] A.S.Jensen, K.Riisager and D.V.Fedorov, Rev. Mod. Phys. 76 (2004) 215

[HANS7] P.G.Hansen and B.Jonson, Europhys. Lett. 4 (1987) 409

[LUNO3] D.Lunney et al., Addendum to proposal IS-402 (2003) Unpublished

[NORO5a] W.Nortershauser et al., submitted to Phys. Rev. Lett. (2005) and physics/0509265
[NORO5b] W.Nortershauser, Private Communication (2005)

[TANS8S5] L. Tanihata et al., Phys. Rev. Lett. 55 (1985) 2676 ; Phys. Lett. B160 (1985) 380
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(B,C) Description of the measurement technique and the experimental procedure

A detailed description of the TITAN facility and the experimental procedure is given in the EEC proposal
“High accuracy mass measurements for superallowed nuclear 3-decay emitters”.

A schematic of the TITAN facility is shown in figure 2 below.
Legend:

ISO: ion source
RFCT: RF cooler trap

EBIT: electron beam ion trap
WIFI: Wien filter

CPET: cooler Penning trap

MPET: Measurement Penning trap

From ISAC

—~

To Pol. Beam Line
>

Fig. 2 Schematic of the TITAN setup.

The presently available production rate of ''Li available at ISAC-TRIUMF (about 44,000 ''Li per second
measured at the yield station) makes it possible to measure its binding energy, despite its 8.6ms half-life.
For a mass determination in a single charge state, a relative accuracy of dm/m ~ 5¢10® at an exitation
time of 20 ms and with a total cycle number of N= 10 000, could be reached. In this case, a single charge
state would be sufficient, since only a factor of 3 is gained, and losses due to the breeding process can be
avoided. Also additional filtering is not needed, since the Li beam is extremely clean. The absolute mass
uncertainty would be 550 eV.

The procedure would include the bunching and cooling of Li in the TITAN RFQ, which is filled with
helium gas. Since the He und Li masses are rather close, higher losses due to hard-sphere collisions are
anticipated. These collisions scatter the charged Li ions either out of the RF-phase and lead to unstable
trajectories, or the scattering leads to collisions with the RFQ rod structure directly.

Instead of the regular 50 % transmission for the RFCT, a conservative number of 1% is assumed. The
remaining ions bypass the EBIT and go through WIFI2, where a moderate suppression of contamination
can be achieved. Production of contamination could arise from charge exchange processes in the RFCT.
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Moreover, since no charge-breeding is foreseen, the Li ions could be directly transferred into the
measurement trap (MPET), hence the experiment could be done, even without the cooler Penning trap
(The cooler trap will be brought to TRIUMF spring 2007. It is presently being designed, built and tested
at the University of Manitoba).

(D) Readiness

The TITAN facility is presently under construction and first on-line measurements are planned for the
second half of the year 2006. At that time the system will be without the Cooler Penning Trap (CPET).
However, measurements of isotopes such as Li are possible and could be carried out at that stage.

The system and procedure could be tested in an ideal way, by providing Li beam from the off-line OLIS
ion source and establish the transfer efficiency, including the cooling in the RFCT. Moreover the mass of
"Li is known to 80 eV or dm/m =2¢10"° and therefore can be used to calibrate the magnetic field of the
measurement Penning trap.

(E) Beam request

We request six 12h-shifts of stable "Li at 30 keV from the off-line ion source.

Once the procedure is established and sufficient accuracy and transfer efficiency is achieved the request
for ''Li would be 4 shifts. During the ''Li run, beam-time would be required from the off-line source for
field calibrations. The 'Li beam would be needed for approximately 20 min each every 4 h.
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