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Neutron-deficient isotopes with Z * 21 to 26 have been produced as projectile-like fragments of

an intense 58Ni GANIL beam of 69 MeV/nucleon. The nuclei selected by the upgraded LISE3

spectrometer were identified and implanted in a silicon detector telescope. The 43Cr1
47Fe

8Hd46Fe isotopes were identified for the first time whereas 45Fe, 45Mn, 44Mn and 42V were not

observed, indicating probable instability of these nuclei against particle emission.

Measurements of the half-lives Of43Cr and 46Mn have been performed and the analysis of their

measured beta-delayed proton spectra has given, through the Isobaric Multiplet Mass Equation,

an empirical estimation of their masses. Half-lives Of44Cr, 43V, 47Fe and 46Fe have also been

measured. A discussion of various mass predictions for nuclei at the proton drip-line is given.



1. Introduction

Very few neutron-deficient isotopes with T2 s -3 are predicted to be bound against

prompt charged-particle emission. The T2 • - 3 isotope 22Si has been observed 11 ] and

exhibits a beta-delayed proton decay. For the iron and nickel isotopes, the stabilizing

effect of the Z • 28 magic number helps to overcome the Coulomb effect and empirical

mass relations predict that 46Fe and 50Ni should be bound to particle emission. The

T2 - -7/2 nucleus 49Ni and the T2 - -4 nucleus 48Ni are also expected to be particle-

bound. At the proton drip-line, because of the Coulomb barrier, the emission of a pair

of protons may be strongly delayed for nuclei with small negative two-proton separation

energies. Therefore, a few very neutron-deficient nuclei are expected to be direct two-

proton emitters with measurable half-lives. Three other light-mass candidates for two-

proton radioactivity have been previously investigated : 22Si [1], 31Ar [2,3,4] and 39Ti

15). They all exhibit beta-delayed proton (and multi-proton) emission. The present

experimental exploration of the proton drip-line region for nuclei with A between 42 and

47 is a further search for two-proton radioactivity as well as a valuable test of the

existing mass predictions.

Over the last years, the use of projectile fragmentation of intermediate energy beams
3MOAr, 58Ni> w i th 40 to 85 MeV per nucléon delivered by the GANIL facility, together

with the selective LISE separator, has led to a wealth of information on light neutron-

deficient nuclei. Up to now, at LISE or elsewhere in the world, all particle-bound

neutron-deficient nuclei, up to titanium (Z * 22) have been studied [5]. Their half-lives

and radioactive decay modes have been measured through their emitted charged

particles.

The recent improvements of the GANIL accelerator, both in energy and in intensity,

allow to obtain 58Ni beams of 69 MeV per nucléon and 800 electrical nA. At the same

time, the doubly achromatic spectrometer LISE was complemented with a Wien filter.

With its improved selectivity, favourable experimental conditions have become available

for studying neutron-deficient nuclei with Z greater than 21.

The present paper describes briefly the LISE3 spectrometer and reports on the

exploration of the proton drip-line for nuclei with A between 42 and 47. New neutron-

deficient isotopes were identified and decay studies were performed on several

chromium, manganese, iron and vanadium isotopes.

2. Experimental set-up

2.1. The LISE3 spectrometer

> - • *
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j The LISE spectrometer, essentially made of two identical dipole magnets Dl and D2
i (figure 1), is set at zero degree with a Imsr acceptance. The incoming beam is focused

on the target by quadrupole lenses. The first dipole is set at the chosen magnetic rigidity
Bp i (3.2 Tm maximum) and it analyses the outgoing beam in A/Z. Moveable slits
located in the dispersive focal plane limit the momentum acceptance, its maximum value

. ,„ is equal to Ap/p - ± 2.5 %. The second dipole compensates the dispersion of the first

< one : the set-up is doubly achromatic in angle and in position. As a consequence, the
i

flight-path between the target and the final focal point is indépendant of the angle of

entry in the spectrometer. An energy-degrader (a bent aluminium foil of variable

thickness) in the dispersive focal plane separates the nuclei according to their slowing

down in matter. The achromatism is maintained for the isotope chosen by varying the

thickness of the dégrader. This energy-loss selection considerably reduces the number

of contaminant nuclei collected at the focal plane.

Recently the performance of the LISE set-up has been enhanced by the addition of a

Wien filter as shown in figure 1. By using a third selection criterion: a velocity

selection, the isotopic separation is improved. The new-built extension is doubly

achromatic in the horizontal plane (in angle and in position) and the WIEN filter, made

by crossing an electrical field E with a magnetic field B, separates the nuclei in the

vertical plane according to their velocity: they are focused in different points of the final

focal plane. The isotopes selected by the moveable slits located at the exit of the WIEN

filter are collected and identified in a silicon detector telescope installed at the final focal

point. The time-of-flight parameter (t.o.f) along the 43 meters long flight-path, obtained

^N between the time signal of the first silicon detector and the radio-frequency signal of the

\ cyclotron, combined with the measured energy-loss in this detector (AE), gives a clear

identification in A and Z for heavy nuclei. During the study of the 45Fe nucleus, the

incident beam intensity on the target was on the average equal to 10u pps. The total

counting rate reached 100 pps in the first achromatic focal point and it remained equal to

35 pps at the final focal point (i.e on the detectors). Detailed reports on LISE and

LISE3 are given elsewhere [6,7].

2.2. The detection set-up

A beam of 69 MeV per nucléon 58Ni projectiles, with averaged intensity of 400

electrical nA, was used to bombard a 150 mg/cm^ natural nickel target. The thickness

was chosen so as to optimize the yield of 45Fe. A 72 mg/cm2 aluminium foil served as

achromatic dégrader. The detection telescope consisted in three implanted passivated

silicon detectors assembled together in a single holder all were 300 (Jm thick, and had

an active area equal to 300 mm2. A 5 mm thick Si(Li) detector served as a veto detector

for high-energy protons (see figure 2). A variable, remotely-controlled, energy dégrader
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in front of the telescope was adjusted to bring the isotope of interest to rest in the central
implanted passivated silicon detector. Single-channel analysers responding to the AE
signals of the first detector (AE) and of the second detector (E) were used to set a gate
which included the ions of interest. The beam was stopped and a clock was started at the <i
arrival of each ion within the gate. The first and third detectors each formed together J
with the central (second) one a telescope for the spectroscopy of the charged particles ]
emitted by the implanted nuclei. The linear electronics used for the detection of the low *
energy particles was especially designed to permit the observation of the small pulses
expected from the radioactive decay with good resolution within less than five
microseconds after the arrival in the same detector of a highly energetic heavy ion.
During the beam-off periods (which were selected according to theoretical expectations
of the half-lives) the energy and time of arrival of the charged particles were measured in
the telescope. This technique of space and time correlation between the emitting heavy
ion and the charged particle has been described in other papers [2,3]. The momentum
acceptance of the LISE3 spectrometer was set to Ap/p - ± 2.5%, its maximum value,
and the slits at the exit of the WIEN filter defined a velocity acceptance of ± 15%.
Because of the reaction mechanism and of the slowing down in the target foil and in the
slowing-down foils, each transmitted nuclide exhibited a wide momentum distribution
when entering the detectors. The momentum distribution of one isotope tended to
overlap the distributions of neighbouring nuclei so that it was not possible to discard all
the events of neighbouring isotones, which were produced in greater numbers as they
lie closer to the valley of stability. A more stringent velocity selection can reduce this

^ contamination but was not used as the goal was to collect the greatest number of the
1 nucleus under study. However an optimization of the spectrometer tuning was

performed in order to ensure a maximum number of events of the nuclide under study to
be transmitted together with the lowest counting rate of the contaminants.

3.Identification of new isotopes

3.1 .Results: first identification Of43Cr, 46Fe and 47Fe

Table 1 shows the number of events identified for the collected nuclides as well as the
duration of the counting. The three identification two-dimensional plots obtained during
the 47Fe, 46Fe and 45Fe studies are presented on figures 3, 4 and 5, respectively. The
identification obtained on the AE-E plot is checked on the AE-t.o.f plot for each
setting.
First, a three hours long run leads to the first identification of the new iron isotope 47Fe
with 23 events. This nuclide is transmitted together with its isotones 46Mn and 45Cr, as



expected (figure 3). The lightest known iron isotope was 48Fe which had been produced

and studied at GSI [8,9].

Another step is taken towards the proton drip-line with the first identification Of46Fe.

Sixteen events are obtained in nineteen hours. This neutron-deficient iron isotope is

transmitted together with its isotones 44Cr and 43V (figure 4). The absence of any 45Mn

event will be discussed in the next paragraph.

In the two-dimensional plot shown in fig. 5, some nuclides expected to be transmitted

together with 45Fe are clearly missing. 43Cr is identified here for the first time, with 264

events recorded. The lightest chromium isotope known previously was 44Cr [1O]. The

only other N - 19 isotone nucleus identified here is 41Ti.The unstable manganese

isotope 44Mn is obviously absent. No event Of45Fe and no event Of42V is observed in

the figure which corresponds to 45 hours long exposure. The stability of these two

nuclides will be discussed below.

With the discovery of 46Fe, a second bound isotope is identified belonging to the

Tz = - 3 series. The first one, 22Si, had been produced by fragmentation of an 36Ar

projectile [I]. Based upon mass systematics, only two other T2 = -3 isotopes are

expected to be stable against particle emission: 48Co and 50Ni.
The 43Cr and 47Fe nuclei, identified here for the first time, belong to the T2 - - 5/2

series which includes the previously investigated nuclei: 23Si, 27S, 31Ar [2,3,4], 35Ca

[11, 12] and 39Ti [5]. Also in this series, 51Ni has been identified as stable to prompt

particle emission [1O].

3.2 Discussion

Besides the first identification of the three nuclei 43Cr , 46Fe and 47Fe, the present

results show evidence for the absence of four nuclides: 45Fe, 44Mn, 42V and 4SMn.

Whereas 44Mn seems to be expected to be unbound against both proton emission and

two-proton emission (see table 2), 42V and 45Mn are predicted to be bound against two- x

proton emission and to exhibit a proton decay with a half-life ranging from 10*20 s to a

few tens of milliseconds, this latter limit being a typical half-life value for beta decay. Of ,
course, if the half-life is at the upper limit, the proton decay should compete with the

beta decay and one should observe a very low branching ratio towards proton emission.

As far as 45Fe is concerned, the predicted two-proton separation energy values (table 2)

seem to be negative enough to lead to a very short half-life (at the lower limit quoted

above). But, considering the examples Of3IAr [2] and 3^Ti [5], which both exhibit

beta-delayed proton decay with half-lives longer than 10 ms, due to a Thomas-Ehrmann j -,

effect [5], one may expect the 45Fe nucleus to decay by two-proton emission with a Ux.

measurable half-life. I
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Though these four nuclides 4^Fe, 45Mn, 44Mn and 42V are not observed in the present

experimental work, upper limits for the values of their respective half-lives can be

estimated : these evaluations rely on the smooth variation of the experimental collection

rates when considering adjoining nuclides, e.g. isotones or isotopes. The analysis of the

collected rates gathered in table 1. leads to the interpolation of collection rates for the

"missing" species: 550 events Of42V during the 45 hours long setting optimized for
4SFe and 130 events of 4SMn in the 19 hours during which the spectrometer was set for

the study of 46Fe. For 44Mn and 4SFe, assuming a smooth decrease of the production

rates, the extrapolated numbers of collected events are respectively 30 events and 5

events.

Since for these four nuclei no event was observed one can estimate an upper limit of the

half-life of the nuclides: 250 ns for 4SFe, 70 ns for 4SMn, 55 ns for 42V and 105 ns for

44Mn. They are based on the long flight time in the LISE3 spectrometer (500 ns),

together with the assumption that only one event, among those expected to be produced

in the target, reached the detector, because of in-flight decay.

The predicted proton (two-proton) separation energy values (table 2) suggest that the

three nuclides 4SMn, 42V and 44Mn are very likely particle unbound. Considering the

case of 4SFe, which would be a T2 * -7/2 nucleus, the extrapolation of the production

cross section becomes less reliable far away from the valley of stability. The absence of

the expected 5 4SFe events can be attributed to a sudden drop of the production cross

section and it is not possible with the present experimental result to conclude on the 4SFe

half-life.

4. Experimental results on 44Cr, 4^V, 47Fe and 4 6Fe

The radioactive decay studies are performed on-line: two single-channel analysers

examine the AE and E pulses. Each time that an interesting ion event is identified (a 43Cr

or 46Mn event, most of the time, but four other nuclei were also studied with this

method), the beam is stopped for a time At five times longer than the expected half-life.

During this time the heavy-ion data-acquisition system is turned off, while a clock and a

second data-acquisition system are started. The energy deposited and the time of arrival

of the light particles are recorded during the beam-off periods. The silicon detectors are

calibrated before the experiment with an a source and during the experiment with the

known beta-delayed protons emitted from 4^Cr [13].

Results on the decays of 43Cr and 46Mn are presented in section 5, but, since in the
course of the measurements experimental informations were obtained on the decays of
44Cr, 43V, 47Fe and 46Fe, the present section concerns these four nuclei.

4.1. The decay Of44Cr

\
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1198 44Cr nuclei were implanted in the detectors and their emitted charged particle were

recorded. Three peaks are seen on the energy spectrum which exhibits a large beta

component extending up to 2MeV. The first peak, located at 950 ± 50 keV, is attributed

to the beta-delayed proton decay Of44Cr to the ground-state in 43Ti, via the T = 2IAS in
44V. The two other peaks, located at 2180 ± 50 keV and 3140 ± 50 keV, respectively,

are supposed to correspond to the proton decay of highly excited states in 44V (with

excitation energies higher than the excitation energy of the IAS).

The experimental 44Cr half-life, equal to T1/2 * 53 ± 3 ms, has been determined by a

maximum-likelihood analysis of the time spectrum (see section 5.1.).

4.2. Experimental results on 43V decay

The charged particle energy spectrum obtained with 90 collected 43V events consists in a

low energy bump beginning at the electronic threshold (200 keV) and slowly ending at

about 700 keV. The corresponding time spectrum looks quite flat: since the observation

time window was set to 800 ms, this indicates that the 43V half-life is probably longer

than 800 ms.

The main decay mode Of43V seems to be a beta decay to several levels in 43Ti, probably

followed by gamma deexdtation. The present experimental results do not permit any

further conclusion on this nucleus.

4.3. Experimental results on 47Fe decay

13 charged particles were recorded. The energy spectrum does not exhibit any clear
peak. The time spectrum was analysed by means of a maximum-likelihood method (see
section 5.1.) The experimental half-life is equal to T1/2 = 27 ± 3^ ms.

4.4. Experimental results on 46Fe decay

12 charged particles were recorded. A peak shows up on the energy spectrum at

3520 ± 100 keV, with 3 events. The experimental half-life, obtained by a maximum-

likelihood analysis of the time spectrum is in good agreement with the predicted value

[51 : T1/2 " 2 0 I g 0 ms.

5. 43Cr and 46Mn decays

'fi\
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5.1.HaIf-IiVCS

Figures 6 and 7 display the time spectra recorded for the charged particles emitted in the
decay of 43Cr and 46Mn, respectively. The half-life values are obtained from a
maximum-likelihood analysis of these experimental time distributions. The MINUIT
[14] program was used and the error bars on the half-lives correspond to a 70%

< confidence level.
The half-lives obtained are T1/2 - 21 ± \ ms for 43Cr and T1/2 = 41 ± \ ms for 4 6 Mn.

Since 4ITi is transmitted together with 43Cr, a decreasing background component was
estimated from the latter part of the recorded time spectrum (120 ta 250 ms) with a slope
compatible with the known half-life of 4^Ti (80 ms [15]). Then, the 43Cr half-life was

^. determined on the early part of the time spectrum (Oto 120 ms).
For the 46Mn decay spectrum the expected contaminant is 45Cr, a beta-delayed proton
emitter with a half-life equal to 50 ms [13]. It has a main proton peak located at 2.10
MeV. Since the 2.10 MeV line is absent on the 46Mn proton energy spectrum, the
corresponding 4 6Mn time spectrum can be considered to be free of any 4 5 C r

' * . contamination.

5.2. Masses

a) The IMME systematics

1^ The masses of analogue states in an isospin multiplet are given to first order by a
quadratic relationship [16] M( A, T, T2 ) - a ( A, T ) + b ( A, T ) T z + c ( A, T) i\.

- "* Given the mass excess values and uncertainties for three members of an isospin
multiplet, it is possible to calculate a mass excess and an uncertainty for other members

* of the multiplet. This application of the IMME has been done to calculate masses for
43Cr and 46Mn, using the experimental determination of the mass excesses of the IAS in

y%
 4 3V and 46Cr, in the present work. The mass excess values and the error bars obtained

are given in tables 3 and 4.
»

b) 43Cr decay

Two lines, labelled b) and a) in fig. 8, are identified in the energy spectrum of the
1 charged particles emitted by 43Cr, with total decay energies equal to 4320 ± 50 keV and
i . 1820 ± 80 keV. These values, which represent the total decay energy (charged particle

f energy plus ion recoil energy) include a small correction for the Pulse Height Defect
•if. i
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which affects the ion recoil energy recorded by the silicon detector (see [3 ] for details on

the evaluation of this correction).

The 1820 ± 80 keV line is attributed to the proton decay of the first l/2+ excited state in
4 3V to the O+ ground-state of 42Ti. This 1/2" excited state is fed by the allowed

Gamow-Teller beta-plus transition from the 43Cr ground-state and the excitation energy

of the mirror level in 43Ca is equal to 1957.4 ± 0.3 keV [20]. The absolute branching

ratio of this 1820 ± 80 keV beta-delayed proton decay line is deduced from the energy

spectrum shown on fig.8 and from the total number Of43Cr implanted nuclei: BR - (

17 + 4 )%.

Based upon its energy, the line at 4320 keV is attributed to the beta-delayed emission of

two protons from the IAS in 43V to the ground-state in 4ISc. This emission is favoured

against the emission of one proton which would proceed with 1 = 2 from the 3/2+ IAS

level in 43V to the O+ ground-state in 42Ti (with a total decay energy of 8087 keV). With

an expected energy of 4347 keV, the beta-delayed emission of one proton from the IAS

in 43V to the 2+ excited level known in 42Ti at 3740 keV could contribute to this line.

The experimental value of the mass excess of the IAS in 43V is deduced from this

measured line ( 4320 ± 50 keV ) and from the known ground-state mass excess of
4ISc + 2p (-14065 ± 1 keV) [17]. The value obtained is: -9745 ± 50 keV and,

applying the IMME to the T = 5/2 states in the three nuclei 43V, «Ca and 43K, one can

derive a value for the ground-state mass excess Of43Cr of -2135 ± 90 keV. Table 3

summarizes the properties of the T = 5/2 levels which are members of the is^spin

multiplet at mass A = 43.

c) 46Mn decay

Two transitions are identified in the energy spectrum of the beta-delayed protons emitted

by the 392 implanted 46Mn nuclei (fig.9): they correspond to total decay energies (since

both the proton and the ion recoil energies are recorded in the telescope) of

4350 ± 50 keV (line c) and 3560 ± 50 keV (line b). The first experimental line

matches the expected energy available for the proton decay of the isobaric analog state in
4^Cr to the ground-state in 45V. The second line can be attributed to the proton decay

from the 4+ IAS level in 4^Cr to the 5/2+ state in 45V. The excitation energy of this

level has been measured [18].

When the present experimental energy for the proton decay of the IAS in 4^Cr

(4350 ± 50 keV) is combined with the ground-state mass excess of the (45V + p)

system [17], one obtains a mass excess for the IAS in 46Cr of -20236 ± 53 keV. The

same calculation derived for the 3560 keV line leads to a value of -20229 ± 53 keV.

1

•ri\
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The mass-excess of the 46Mn ground-state, dérivée with the IMME, is found to be

equal to -12375 ± 120 keV. This value is in agreement with the prediction made by

Wapstia et al. [17] of -12470 ± 400 keV.

Table 4. summarizes the properties of the T = 2 levels which are members of the isospin

quintet at mass A = 46,

The attribution of the other lines shown in figure 9 appears to be more difficult. The line

at 3000 ± 50 keV (line a) may correspond to the 1 = 0 emission of one proton from the

IAS in 46Cr to the unknown 7/2+ state in 45V. The excitation energy of the mirror level

in 45Ti is equal to 1227 keV [18].

d) Discussion

The mass-excess values obtained for the 43Cr and 46Mn nuclei by applying the IMME

formula are compared in table 5 to the predictions of different models. Also shown in

table 5 under the label AEc are the mass excess values obtained on the basis of the

Coulomb displacement energy formula [19]. The latter results are less negative by

200 keV than the IMME values, for both nuclei 43Cr and 46Mn. A similar difference

had been previously observed in the case of 35Ca [3]. This similarity suggests a

systematic correction of 200 keV on mass excess estimations obtained by the Coulomb

displacement energy evaluation method.

5.3. Decay schemes

Proposed partial decay schemes are shown on figures 10 and 11 for 43Cr and 46Mn1

respectively. Each state is labelled with its mass-excess energy [17, 18]. The mass-

excess values derived in the present work are underlined. The spin and parity, taken

from [20], are indicated if known ; otherwise, the spin and parity of the corresponding

level in the mirror nuclei are adopted.

a) 43Cr

The maximum energy available for the superallowed beta decay of 43 Cr is equal to

6588 keV, from the mass-excesses obtained for 43Cr and for the IAS in 43V, see table

3. The corresponding Iogf value is given in the tables [21]: logf = 4.03. For this

transition between two T = 5/2 states, if one assumes a pure Fermi decay, the ft value is

equal to 1232. Then, taking into account the measured half-life ( 21 ± 4 ms ), a value

of BR( IAS ) - ( 18 ± 4 ) %, with uncertainty reflecting only the error on the half-

life, is obtained for the branching ratio of the beta decay of 43Cr to the IAS in 43V.

\



The total absolute branching ratio for the P2p and Pp decays proceeding through the

IAS in 43V, which are not distinguished in the present study, is measured to be equal to
( 12 ± 4 ) % after corrections for the detection efficiency. The error bars given on the

experimental results reflect the difficulties uncountered in evaluating the background on <,

the spectrum shown in fig.8. This background consists in a large bump including about 1

75 % of the total number of counts and extending from 1.5 MeV up to 6 MeV. This |

continuous background can be attributed to the proton decay of excited states in 43V; «
43V is expected to exhibit a high density of states with excitation energies from 1.9 MeV

to 6.2 MeV and with a state every 40 keV on average, like its mirror nucleus 43Ca.

Because of the resolution of the silicon detector (45 keV for 5 MeV alphas), those lines

are not resolved.

The IAS in 43V, fed by the 43Cr super-allowed beta emission, undergoes proton and

two-proton emission. An alpha-proton decay seems to be possible ( see fig. 10). '

b)46Mn

The maximum energy available for the superallowed beta decay Of46Mn is equal to

6839 keV, based on the mass-excess calculated for 46Mn and on that measured for the

IAS in 46Cr, see table 4. The corresponding logf value is given in the tables [21]:

logf = 4.08. For this transition between two T = 2 states, if one assumes a pure

Fermi decay, the B(F) value is equal to 4 and the fit value is equal to 1541. Then, taking

into account the measured half-life (41 ± 7 ms), the beta branching ratio for the decay

of 46Mn to the IASm46Cr is evaluated to be equal toBR(IAS) = (32± 6)%. &J

The absolute branching ratios for the three lines given on the decay scheme at 3000 keV, *
3560 keV and 4350 keV are (7.5 ± 1) %, (6 ± 1) % and (8.5 ± 1) %, respectively.

Alpha and two-proton decays of the IAS in 46Cr are also expected ( see fig. 11).

6. Summary and conclusion

A systematic exploration of the proton drip-line for nuclei with A between 42 and 47 is

performed in the present work. The existence of three new isotopes is shown: 43Cr,
47Fe and 46Fe, whereas 45Fe, 45Mn, 44Mn and 42V appear to be unbound to emission

of proton(s). The problem of the mass predictions for very neutron-deficient nuclei is of

outmost importance in this region of !he chart of nuclides: some of these isotopes are

actually expected to decay by direct proton emission or by direct two-proton emission.

The discrepancy between IMME and Coulomb displacement energy methods, already

pointed out in previous papers [3], is confirmed here in the 43Cr and 46Mn cases. Direct

mass measurements for less exotic nuclei in this region would also help to improve the

existing mess predictions.



\

The experimental measurements presented here provide important though not
exhaustive results concerning nuclei very close to the proton drip-line: existence, half-
lives, masses and decay schemes. The study of beta-delayed charged particle emission
is shown to be a valuable way to investigate exotic nuclei.

\\v» •

1 :•

Ï



' \ . . .
 7 • ' . \

References

1. Saint-Laurent, M.G., Dufour, J.P., Anne, R., Bazin, D., Borrel, V., Delagrange,
H., Détraz, C, Guillemaud-Mueller, D., Hubert, F., Jacmart, J.C., Mueller, A.C.,
Pougheon, F., Pravikoff, M.S., Roeckl, E.: Phys. Rev. Lett. 59, 33 (1987)

2. Borrel, V., Jacmart, J.C., Pougheon, F., Richard, A., Anne, R., Bazin, D.,
Delagrange, H., Détraz, C , Guillemaud-Mueller, D., Mueller, A.C., Roeckl, E.,
Saint-Laurent, M.G., Dufour, J.P., Hubert, F., Pravikoff, M.S.: Nucl. Phys. A473,
331 (1987)

3. Borrel, V., Jacmart, J.C., Pougheon, F., Anne, R., Détraz, C , Guillemaud-
Mueller, D., Mueller, A.C., Bazin, D., Del Moral, R., Dufour, J.P., Hubert, F.,
Pravikoff, M.S., Roeckl, E.: Nucl. Phys. A531, 353 (1991)

4. Bazin, D., Del Moral, R., Dufour, J.P., Fleury, A., Hubert, F., Pravikoff, M.S.,
Anne, R., Bricault, P., Détraz, C, Lewitowicz, M., Zhang, Y., Guillemaud-Mueller,
D., Jacmart, J.C,. Mueller, A.C., Pougheon, F., Richard, A.: Phys. Rev. C45, 45
(1992)

5. Détraz, C 1 Anne, R., Bricault, P., Lewitowicz, M., Zhang, Y., Borrel, V.,
Guillemaud-Mueller, D., Jacmart, J.C., Mueller, A.C., Pougheon, F., Richard, A.,
Bazin, D., Dufour, J.P., Fleury, A., Hubert, F., Pravikoff, M.S.: Nucl. Phys.
A519, 529 (1990)

6. Anne, R., Bazin, D., Mueller, A.C., Jacmart , J.C., Langevin, M.: Nucl. Instr.
Meth.A257, 215 (1987)

7. Mueller, A.C. and Anne, R.: Nucl. Instr. Meth. B56,559 (1991)

8. Sekine, T., Cemy, J., Kirchner, R., Klepper, O., Koslowsky, V.T., Plochocki,
A., Roeckl, E., Schardt, D., Sherrill, B.: Nucl. Phys. A467, 93 (1987)

9. Szerypo, J., Bazin, D., Brown, B.A., Guillemaud-Mueller, D., Keller, H.,
Kirchner, R., Klepper, O., Morrissey, D., Roeckl, E., Schardt, D., Sherrill, B.: Nucl.
Phys. A528,203 (1991)

10. Pougheon, F., Jacmart, J.C., Quiniou, E., Anne, R., Bazin, D., Borrel, V.,
Galin, J., Guerreau, D., Guillemaud-Mueller, D., Mueller, A.C., Roeckl, E., Saint-
Laurent, M.G., Détraz, C: Z. Phys. A327,17 ( 1987)

11. Langevin, M., Mueller, A.C., Guillemaud-Mueller, D., Saint-Laurent, M.G.,
Anne, R., Bemas, M., Galin, J., Guerreau, D., Jacmart, J.C., Hoath, S.D., Naulin,
F., Pougheon, F., Quiniou, E., Détraz, C: Nucl. Phys. A455, 149 (1986)

12. Âystô, J., Moltz, D.M, Xu, X.J., Reiff, J.E., Cerny, J.: Phys. Rev. Lett. 55,
1384(1985)

13. Jackson, K.P., Hardy, J.C., Schmeing, H., Graham, R.L., Geiger, J.S., Allen,
K.W.: Phys. Lett.49B, 341 (1974)

14. James, F. and Roos, M.: Computer Physics Communications 10, 343 ( 1975)

15. Sextro, R.G., Gough, R.A., Cerny, J.: Nucl. Phys. A234, 279 (1974) I

16. Benenson.W., Kashy, E.: Rev. Mod. Phys. 51,527(1979) J



17. Wapstra, A .H., Audi, G., Hoekstra, R.: At. Data Nucl. Data 39,281 (1988)

18. Nuclear Data Sheets 65, S (1992)

19. Antony, M.S., Britz, J., Pape, A.: At. Data Nucl. Data 34,279 (1986)

20. Endt, P.M.: Nucl.Phys. A521, 1 (1990)

21. Govc, N.B. and Martin, M.J.: Nucl. Data Tables 10,205 (1971)

22. Garvey, G.T. and Kelson, L: Phys. Rev. Lett. 16,197 (1967)

23. Pape, A. and Antony, M.S.: At. Data Nucl. Data 39,201 (1988)

24. Comay, E., Kelson, I., Zidon, A.: At. Data Nucl. Data 39, 235 (1988)

25. Brown, B.A.: Phys. Rev. C43, 1513 (1991)

26. Masson, PJ . and Janecke, J.: At. Data Nucl. Data 39,273 (1988)

27. Janecke, J. and Masson, PJ.: At. Data Nucl. Data 39, 265 (1988)

11



\

Table captions

Table 1. Collection rates of the new identified nuclides.

Table 2. Mass predictions. AM is the mass excess, in keV. The Sp and Ŝ > values are given in

MeV.
SD-AM(Z-l,A-D-AM(ZA)+AM(proton);

S2p - AM(Z-2,A-2)-AM(Z A)+2AM(proton);

AM(proton) - 7289.034 keV

Table 3. Properties of members of the T- 5/2 multiplet at mass 43
The mass-excess values given for the 43K and 43Ca T-5/2 states are experimental values

Table 4. Properties of members of the T- 2 quintet at mass 46
The mass-excess values given for the 46Sc and 46Ti T=2 states are experimental values

Table S. Summary of the predicted and experimental values for the mass-excess (in keV).
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Figure captions

Fig. 1. The LISE3 spectrometer.

Fig. 2. The final focal point detectors set-up. The three silicon implanted passivated

detectors are mounted closely in a single frame. The ions are stopped inside the central 300

Mm thick silicon detector. The emitted protons and other light charged particles are detected

in the three silicon detectors. The SiLi detector is mainly a veto detector against rapid

protons.

Fig. 3. Two-dimensional display of the nuclei transmitted together with 47Fe. AE and E

represent the energies deposited in the first 300um thick silicon detector and in the second

one where the heavy ions stop. The detectors are calibrated in energy.

Fig. 4. Two-dimensional display of the nuclei transmitted together with 46Fe.

Fig. 5. Two-dimensional display of the nuclei transmitted together with 45Fe. AE represents

the energy deposited in the first 300pm thick silicon detector and the time of flight is

measured between the target (R. F. pulse) and the first silicon detector. The scales are

calibrated in MeV and in ns, respectively.

Fig. 6. The 43Cr time spectrum after background subtraction. The contamination is assumed
to be due to 41Ti (see text).

Fig. 7. The 46Mn recorded time spectrum.

Fig. 8. Energy spectrum recorded during the first 120 ms following the implantation of a
43Cr nucleus in the second silicon detector. The signals recorded in the three silicon

detectors are summed.The energy scale corresponds to the total decay energy: light particle

energy plus ion recoil energy. One channel represents 100 keV.

Fig. 9. Energy spectrum recorded during the first 250 ms following the implantation of a
46Mn nucleus in the second silicon detector. The signals recorded in the three silicon

detectors are summed.The energy scale corresponds to the total decay energy: light particle

energy plus ion recoil energy. One channel represents 100 keV.

Fig. 10. Partial decay scheme Of43Cr.

Fig. 11. Partial decay scheme Of46Mn.
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3hou»
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"Mn
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Table 1.

1
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42V
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"Mn
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Garvey-

Kelson
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and Antony
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Table 2.



nucleus

43K

• • 3 c

43v

43Cr
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Table 3.
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nucleus
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