






Fig.1 Summary of Sn for 19C from existing

mass measurements.

Determination of neutron separation energy for 19C

1.   Motivation :

The exotic forms of nuclei such as nuclear halos, existing far from stability are characterized by

one or two- weakly bound neutrons coupled to a more strongly bound ‘core’ nucleus. These halo

neutron(s) have separation energy much smaller (typically < 1 MeV)  than that for stable nuclei

(typically ~ 8MeV). The neutron separation energy (Sn) determines the radial extent of the valence

neutron wavefunction, thereby ascertaining the extent of halo formation in a nucleus. Reliable mass

measurements  are thus crucial for the understanding of nuclear structure.  In this proposal, as the first

step towards resolving uncertain facts regarding the halo formation in 19C, we intend to accurately

determine its one neutron separation energy.

The potential of a halo formation in the 19C nucleus was pointed out from the narrow momentum

distribution observed after one-neutron removal from 19C [1-3].  It was suggested that 19C has an

abnormal ground state spin of 1/2+ with the 18C core mainly in its ground state coupled to the valence

neutron in the 2s1/2 orbital. The unexpectedly large interaction cross section [4] provided further

support to this idea as did the large Coulomb dissociation cross section [5]. However a consistent

understanding of the structure of 19C from all the existing data is yet to be achieved [6].

The one neutron separation energy of 19C is poorly determined experimentally. The uncertainty of

the measured masses for the nucleus 19C, at LOS Alamos [7,8] and GANIL [9,10] using the method of

time-of-flight, spans nearly two orders of magnitude thereby causing similar uncertainty in its one-

neutron separation energy as shown in Fig.1.  This poses as a severe limitation to draw a conclusive

picture on the possible neutron halo in 19C.

The weighted average of the existing mass measurements yields a value of Sn = 293±94keV.  This

value of separation energy is unable to successfully explain

the Coulomb dissociation cross section assuming the

dominant structure of 19C = 18Cgs+ n(2s1/2).  Based on the

location of the peak from relative energy distribution in

Coulomb dissociation  as well as the angular distribution,

the separation energy of Sn = 530±130 keV was put

forward in Ref.[5]. A later analysis of the 19C momentum

distribution suggests Sn = 650±150 keV [11].  The

currently adopted value in the Atomic Mass

Evaluation(AME) table is therefore, 580±90 keV [12]. The

lower limit on Sn can be set from the observation of  a

bound excited state at 200keV in 19C [13,14]. It should be

noted that if the 18C ‘core’ inside 19C resides in its excited

state, then the separation energy reflected in the reaction

observables is the effective separation energy, which is

larger than Sn. Therefore, the unambiguous direct precise determination of masses of 18,19C at TITAN

will allow us to settle all uncertainties regarding Sn in 19C.



2. Experiment :

The half-life of 19C is 49ms which is suitable for measurement with TITAN, hence with a Penning

trap excitation time of TRF = 100 ms and a statistic of N=10 000 ions a relative mass precision of !m/m

= 2•10-8 can be reached, corresponding to an absolute mass uncertainty of !m " 400 eV. This

measurement would be carried out with the ions in a single charge state. With higher charge states

better precision would be possible, however not needed, or lower statistic (factor of 6) could be used.

The capability of TITAN for precision mass measurements of extremely short-lived neutron-rich

nuclei has been successfully demonstrated by the measurements of  8He, 11Li and 11Be masses.

The one neutron separation energy of 19C involves the masses of both 18C and 19C. The mass of 18C

is known precisely but from one measurement only involving measuring the reaction Q-value [15]. We

will therefore perform a direct measurement of 18C mass at TITAN.

3. Beamtime :

Measurement/Job Shifts

(1shift = 12 hrs.)

Tune of TITAN with OLIS beam 2
18,19C mass measurements 6

Total = 8 shifts

4. Student thesis:

This is intended to be part of the thesis project of A. Gallant. Therefore we request that the 18,19C

yields be reported to us as soon as possible. The measurement of mass will be followed by reaction

studies on 19C in order to draw a conclusive picture on the nuclear halo for this nucleus.

5. Readiness :

The TITAN facility is presently operational and no new major developments are required for the

proposed experiment. The 18,19C beams need to be developed at ISAC. These beams can be produced

from an oxide target. Tests of an oxide target are under consideration.

6. Data Analysis :

 Data analysis will be done using software and computer currently available at TRIUMF.
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