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Abstract

Beta-delayed charged-particle radioactivity has

been observed for the Tl and Tl Isotopes produced

by reactions of a 65 MeV/u Ni bean on a natural Ni

target. The measured half-lives for both nuclei are

in agreement with theoretical predictions for

£-decay. Partial decay scheme for Ti Is proposed.

No evidence was found for direct two-proton

radioactivity of Tl.

* Experiment performed at CANIL Laboratory

t Present address: Institut de Physique Nucléaire, B.P.n'l 91406,

Orsay, France.



1. Introduction

Heavy ion fragmentation at intermediate energy has demonstrated its

effectiveness for the production of neutron deficient nuclei far from

stability1"31. In this region, the rapid increase of mass difference

leads, through 3 decay, to a wide range of final states in the daughter

nucleus, including in particular the isobaric analog state, (IAS),

through a super-allowed transition. Because of their small binding

energy, most of the states decay by proton emission. The proton spectra

are expected to give information on the position of the analog state and

on the distribution of the Gamow-Teller strength.

In the case of *°Ti, only &* -delayed proton emission is

energetically possible; but in the case of 39Ti, |3+-delayed two-proton or

alpha emission and direct two-proton emission may also occur. This

nucleus, bound against one-proton emission, is indeed predicted to be

slightly unbound against two-proton emission, with a two-proton

separation energy, of S » -740 keV . Direct two-proton decay has been

predicted by Goldansky and discussed by Jànecke7). The half-life of

this radioactive mode depends strongly on the barrier penetrability, thus

on the decay energy and the angular momentum. The detection of a proton

pair with a kinematic energy of few hundred keV is experimentally

difficult. One may find evidence for direct two-proton emission by

observing a half-life much shorter than one expected for beta decay.

2. The experiment

In this paper the first successful attempt to observed the Ti and
40Ti decays is presented. Very proton-rich isotopes have been produced by

reaction of S8Ni beam of 65 MeV/u from the GANIL facility with a 200

mg/cm2 natural Ni target.

The separation of the projectile-like fragments is performed by



means of a
9,10)

,8)

mode"

0° magnetic spectrometer LISE working in a separator

Two Bp values of the second magnet of LISE, 1.793 Tm and 1.743
40 33

Tm, were set to optimize the collection of Ti and Ti nuclei,

respectively.

The identification is done using a AE-time-of-flight technique. For

that purpose, the detection telescope consisting of 5 surface-barrier

Si-detectors (fig. 1) was mounted in the following way: the first 123 pn

AE detector is used for the identification of the incoming fragments. It

is preceded by a remote-controlled energy dégrader of variable thickness,

adjusted as to bring at rest the isotope of interest in the 3rd detector

of 118 jiun thickness. Thus, the second and the 4th detectors each form,

together with the 3rd detector, a telescope used for the spectroscopy of

the charged-particle radioactivity. A final detector of 5000 urn thickness

ensures that very light fragmentation products are also properly

identified.
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Fig. 1. The telescope of Silicon detectors. The TI and TI nuclei

are implanted In the AE3 detector. The AE2, AE3 and AE4 detectors are

used for energy measurements of emitted light charged particles.

The energy loss of the fragments in the five detectors, and the

time of flight, through the spectrometer, (TOF), were recorded by a

data-acquisition system. On line, two single-channel analysers examined

the AE1 and TOF pulses. Each time that an isotope of interest, 40Ti or

Ti , was identified within the corresponding window, the beam was



stopped for two hundred ms. During this time the heavy-ion

data-acquisition system was turned off, and a clock and a second

data-acquisition system for registration of light particles were started.

The AE2, AE3 and AE4 detectors were equipped with a special

electronics device for detection of low energy protons, as early as

3ps after the high energy loss of the heavy ion. The detectors were

calibrated, before the experiment, with an a source (An,Pu) and, during

the experiment with protons emitted from 41Ti and 37Ca.

The energy deposits and the time occurrence of the light particles

where recorded by the second data-acquisition system operating only

during the beam-off periods. Non-correlated light particle events were

rejected during the off-line analysis, especially those which did not

generate a signal in the detector where the heavy ion was implanted. The

proton energy spectra were obtained by summing the energies measured for

each event by AE2, AE3 and AE4 detectors.

The nuclides transmitted together with 40Ti by the LISE

spectrometer, mainly Ca, K, Ar, have much longer half-lives, and

emit very few (3-delayed protons, if any. For Ti one has to discriminate

against possible contamination by the Ca isotope.

3. Experimental results and discussion

a) 40Ti

The energy spectrum of the £-delayed protons emitted after the

implantation of 190 nuclei of Ti in the AE3 detector is shown in fig.

2. Total-decay energy spectrum is obtained, since both the proton and the

recoil energies are recorded in the detectors. At least four peaks can be

identified and assigned to £-delayed proton emission from 40Ti. The

proposed partial decay scheme is presented in fig. 3. The energies of

known levels in Sc were t^ken from the compilation of Endt and van der

Leun12). They can be deduced from the mirror nucleus 40K. Proton lines



with energies 1.84 ± 0 . 1 2 . 2.24 ± 0 . 1 2 and 2 .56^:0 .12 MeV can be

assigned to transit ions from low-lying s tates of 40Sc to the g . s . of

The fourth l ine (3.84 ± 0.12 MeV) corresponding to deexcitation of'.a. m e ioui~tn t i n e *«*.«-* — >»• • -

the IAS in the 40Sc to the g . s . of 39Ca.
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Fig. 2.

(3-dolayed

Energy spectrum of

protons emitted from
40

Ti. Energies are given In MeV.

The time distribution of all S-delayed protons of Ti is presented

in fig. 4a. From a %Z fit, the fi half-life of 40Ti was found to be

T = 56+18 ms. Similar fits for the two main peaks of the energy

spectrum'^ve the same values within error bars. This measured half-life

of
theory" of Tachibana et al.

40Ti is close to the theoretical prediction of the "improved gross
13) ( T =66.7 ms).

1/2

Our experimental method allowed a determination of the absolute

branching ratios, BR, for measured transitions. The values of BR shown in

fig. 3 were calculated taking into account the efficiency of the

detection system, obtained by means of a Monte Carlo simulation. The

measured value of the BR to the IAS can be compared with the one

calculated under the assumption of a pure Fermi decay with no isospin

mixing. A reduced probability for this transition is equal to <T> = 4

and thus to ft = 1542.
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TI. The T l / 2 values are obtained by X fit of experimental points.

bars correspond to one standard deviation.



The maximum |3+-energy (6.42 MeV) gives a log f value equal to 3.9914).

Then from the partial half-life for this Fermi transition (156 ms) one

obtains a BR to the IAS equal to 36**2 •/.. The smaller (BR 16 ± 4 •/.) might

result from some other undetected transitions from the IAS to higher
39

states of Ca corresponding to proton energies below 1.3 MeV.

b) 39Ti

In the present experiment the existence of 39Ti is shown for the

first time. However the collection of only 75 nuclei of 39Ti leads to a

charged-particle energy spectrum of rather low statistics. Only one peak

at energy 3.52 ± 0.12 MeV is identified without any doubt. Possible

contamination by p-delayed protons coming from 37Ca can be excluded,

since in the energy spectrum, fig. 5, the main peak ( BR = 46.74 % ) l S >

at 3.063 of 37Ca is absent. Seta-delayed protons from 37Ca produced as a

daughter nucleus would also be observed in the case of direct two-proton

emission of sTi. The absence of protons from 37Ca thus give a strong

argument against the hypothesis that 39Ti is a strong direct two-proton

emitter.
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From the time spectrum of charged-particle decay, shown in fig. 4b,

the half-life of 28*8 ms was deduced, a value not far from theoretical
13)

expectation for £ half-life of this isotope ( T =36.3 ms ), providing

a second argument against sizeable direct two-proton emission.

The total BR equal to 85 ± 15 % for p-dftlayed particle emission was

obtained on the assumption that all events in the energy spectrum come
39

from decay of

detection system.

from decay of Ti and taking into account for the efficiency of the

The assignment of peaks in the energy spectrum to specific

^-delayed charged-particle channels Is not unambiguous and needs further

studies.

4. Conclusions

The first observation of 40Ti and 39Ti decays are achieved with the

very efficient selection of reaction products provided by the LISE

spectrometer at GANIL. In the case of j9Ti, it is the first successful

attempt to produce and identify this isotope.

The measured charged particle energy shows evidence for jS-delayed

proton decay of 40Ti. The experimental half-life (56+18 ms) is in
13J2reasonable agreement with theoretical prediction (66.7 ms ).

In the charged-particle energy spectrum of Ti, no evidence

appears for p-delayed protons of 37Ca. The measured ha]f-life (28+8 ms)

and the total branching for charged particle emission (85 ± 15 %) are
39

consistent with a p-decay mode for Ti. Thus no evidence for direct

two-proton decay of Ti is found.
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