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We have studied the ionic charge state dependence of the nuclear lifetime of the 35.5-keV first excited state
of %Te. We found for the 47 and 48" ions, 400 and 670 % variations with respect to the neutral-atom
half-life (1.49 ng. These unusually large effects are due to the energetic blocking dfbieell internal
conversion as the charge state increases pastBar the 46, we suggest a new internal conversion mode
without any electron emission into the energy continu80556-28137)00104-0

PACS numbgs): 23.20.Nx, 21.10.Tg, 27.68

I. INTRODUCTION IIl. GENERAL CONSIDERATIONS

Although the dependence of the nuclear lifetindg,§) or In the neutral’®Te atom, the first excited nuclear level
decay constant\) on the extranuclear environment had (35.492 keV, 3/2) decays by an almost puiM 1 transition
been investigated for a long time, only very small variations(99.96% with a half-life of 1.486 n$8—10]. The main decay
(AN/X~1073) were found 1]. The revival of interest in this mode of this level is by internal conversigiC) on thekK,
field in recent years is due to accelerator developments, andM shells. The corresponding internal conversion co-
which make it possible to induce drastic changes in the exefficients(ICC) in the neutral atom are respectively equal to
tranuclear environment by ionizing thieneratomic shells. [11]: a&Z11-9870181:1-461a823=0-145a0,v|=0-319a$
Such processes, g& decay, electron capture, and internal = 13.912, wherex is the total ICC and., L,, andL ; refer
conversion(IC), all of great interest for astrophysif2], are  respectively to the subshels? 2p,,,, and 2. The mea-
very sensitive to the electronic density in the vicinity of the 5req half-lifeTS,, in the neutral atom is related to the partial

nucleus. However, Ulricksort al. [3] found that the re-  jiative decay width of this leval® through the expression
moval of up to ten electrons did not affect significantly the 4

lifetime of the 77-keV level in'®’Au. Recently, two experi- AIn2/T°
ments have demonstrated that in highly ionized atoms the b
electronic configurations can have a drastic effect on the 1+ ag+a Tay
nuclear decay. In the first experiment, Jwrigal.[4] found a
spectacular decrease of tH&Dy half-life from T,,=o
(stablg in a neutral atom tdr,,=50d in the bare nucleus,
which is the experimental proof ddoundB decay a process
previously suggested by Daudet al. [5]. The second ex-
periment, by Phillipst al.[6], concerns the measurement of
the internal conversion coefficiefiCC) of the 14.4-keV ex- L
cited state in°’Fe ions with few ﬂelecirons. A 20% increase trons. The b'f‘d'”g energy of tHe-sheII_eIectron h"‘.‘s bee_n
calculated using relativistic wave functions for Te ions with

was observed in the decay rate of Li-like ions, compared to . n
the decay rate of the neutral atom. charge states ranging between'4dnd 51". Some of these

In this paper we report on a several—hundred-percenYalueS are listed in Table I. Only small deviations in these

L . . - val r n when different electronic wave functions ar
variation of the internal conversion coefficient and the con- 2eudes are see en different electronic wave functions are

. . . . 12 . . . .
comitant lifetime in'2°Te with the ionic charge state. A first For one particular charge state, called hereafterctite

account of this work has been given in a previous papgr 2
The present paper presents in detail the experimental methc?&ll charge state @ the binding energy of thi-shell elec-

and gives a complete account of the data analysis and intefOn (E(B?;) becomes larger than the available nuclear transi-
pretation. tion energy (,). In this case, in the usual IC process, with
the emission of a bound electron into the energy continuum,
the K-shell ionization by IC becomes energetically impos-
*Present address: GSI, Postfach 110552, D-64291 Darmstadijble despite the presence of the tiweshell electrons. Con-

Germany. sequently the half-life should increase by a factor corre-

(2.7

The removal of outer-shell electrons has two different ef-
fects on the IC decay process) It modifies the electron
number in the different shells; the corresponding ICC dimin-
ishes and vanishes at the limit of empty shg8s5,12. (ii) It
increases the effective Coulomb field seen by the outer elec-
trons and increases the binding energy of the remaining elec-
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TABLE I. Electronic configurations an&-shell binding ener-
gies EX) of 1%Te for various ionic charge states. Boldfaced values

of EX exceed 35.492 keV.

F. ATTALLAH et al. 55
agzaﬁ-i- aE-i— af\),, , (2.3
a$2Q°= aS>Q° (2.9

Charge Config. Ef (keV)

state Ref[13] Ref.[26] Ref. [27]
0 (neutra) 31.812

44 (25%2p*) 35.262 35.27 35.263
45 (25°2p®) 35.581 35.58 35.580
46 (25%2p?) 35.909 35.90 35.908
47 (2s%2p) 36.256 36.23 36.252
48 (25%) 36.599 36.57 36.602

3 rom Ref.[28].

sponding to the suppression ef in Eqg. (2.1). Using the

since theM shell is empty forQ=Q.. The superscripts
above refer to the ionic charge state of Te. One finds for the
half-life of He-like °Te a valueTS% =22.17 ns compared

to T9,=1.486 ns.

Ill. EXPERIMENT

Our experimental technique follows closely that of Phil-
lips et al. [6]. A beam of 27-MeWii 25Te®" jons (corre-
sponding to a velocity of 7.18 cm/nsaccelerated at GANIL,
impinged on a 1-mg/crhtarget of 232Th in order to strip the

K-shell binding energy calculations in Table I, we obtainions and to Coulomb excite the nuclei.

Q.=45.

Figure 1 shows the experimental setup. It can be separated

The half-life of the first excited nuclear state of into three parts. The first part serves to produce the Coulomb
125Te (TS,) as a function ofQ can be related to the neutral- interaction of the Te ions with the target and to define the
atom half-life T9,, by

where

(2.2

scattering angle. The second part separates of the Te ion
trajectories according to their charge states by means of the
magnetic field of the dispersive spectrometer SPHE.

This spectrometer consists of two magnetic dipoles separated
by a drift space. The mean trajectory radius in the dipoles is
2.5 m. A quadrupole lens at the exit of the dipoles is tuned to
obtain parallel trajectories before entering the third, detec-

After stripping and Coulomb excitation

1. Collimated target
2. Slit

3. Magnetic field

4. Parallel Plate Avalanche Counter (PPAC)
5. Drift chamber 1

6. drift chamber 2

7. PPAC

8. Ionization chamber

9. Charge state change by Internal conversion
10. Incident beam direction

11. Secondary trajectory

12. Selected scattering angle

13. Quadrupole

14. Beam stop

15. Drift
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FIG. 1. Experimental setup.
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tion, and trajectory analysis part at the end of the spectroma distance of 1.9 m. From these parameters the correspond-
eter. ing horizontal ) and vertical ¢) angular distributions of
The target is mounted as shown in Fig. 1, at a distancé?Te ions are computed. The coincidence signal between
d=11 cm in front of the first dipole, which corresponds to atwo parallel plate avalanche countéPPAQ, joined to each
time of flight ty=T9,,. This time allows for (i) the feeding  drift chamber, and the cyclotron high frequency provides a
of the first nuclear excited state through the deexcitation ofast trigger for the acquisition system. To measure the energy
Coulomb excited higher levels int?Te with half-lives of the scattered beam, the ions are stopped in an ionization
<10°? s; (ii) the rearrangement of the atomic electrons tochamber which has an energy resolution of 1.7%.
the ground-state configuration, except for a few metastable As the normal target position and beam focus of SPEG
configurationgsee Sec. IV. are locatd 3 m away from the first dipolgl4], the present
The scattering anglefg.,) of Te ions is defined by a position of the target requires a special beam focusing. Also,
system consisting of a rectangular aperture 1-mm wide angh this situation, the spectrometer is no longer achromatic
25-mm high in front of the targghot shown in Fig. land a and the impact position of the ions in each drift chamber
movable slit, 0.1-mm wide and 50-mm high, mounted in thebecomes very dependent upon the horizontal incident angle
entrance plane of the magnetic field. The remaining space af, and positionX, [12]. For the second drift chamber, one
the entrance plane was completely masked. This arrangdinds §X/86,=0.30 cm/mrad, wher& is the horizontal ion
ment defines the scattering angle A@= +0.2. After the  position in the chamber. Also, the spectrometer dispersion is
time ty, the scattered ions with different charge statesaffected; one findsAX/é6P/P=8.53, 8.02, and 7.68 cm %
(43" —50") enter the magnetic field and follow trajectories for ,=—1.4,+0.6,+2.5°, respectively. These values are in
defined by(i) the magnetic rigidity,(ii) the incident angle excellent agreement with those obtained by the simulation
0, and positionX, in the magnetic field relative to the spec- discussed below. The angl is limited to ~3° by beam
trometer optical axis(jii) the charge stat® and momentum stops mounted inside SPE®ig. 1) which decrease drasti-
P. These ions reach the ionization chamber after a time o€ally the spectrometer transmission beyond this angle.
~150 ns upon leaving the target. The travel time inside thel herefore, the scattering angle in the experiment was fixed to
magnetic field is~70 ns, which indicates the order of mag- fce,=2.6°, as a compromise between an optimum spectrom-
nitude of the lifetime limit in the present method. eter transmission and a maximum Coulomb excitation prob-
The horizontal K) and vertical ) positions of the ability. This angle is much smaller than the nuclear grazing
125Te jons at the exit of the last quadrupole are detecte@ngle(6°).
event by event in two identical drift chambers, separated by The 1-mg/cn? 2%2Th target produces an ion energy loss



1668 F. ATTALLAH et al. 55

6400 -

~
=
c 6200
>
o)
-
O 6000
?3 FIG. 3. Total energy versus the
Nl horizontal position X) in the sec-
© sg00 ond drift chamber for scattered
- ions atfce=2.6°. There are four
Lo different kinds of events as la-
“6 beled, next to thearentpeaks of
- the charge states 47, 48, and 49
S 5600 (see text The rectangle shows the

energy-position  contour Hj.)
used to gate the elastic events.

5400

5200

R S ST EDT Y BTN NI 2l Nt T NESTI T S S Sy S0k Sl S TR S A S

200 400 600 800 1000 1200 1400 1600

X (0.3 mm/chan)

of 17.2 MeV, and broadens the relative full width at half drift chambers X1, X2). A contour gate is also set on the
maximum of the energy distribution from the acceleratorevents distributed along a straight line corresponding to the
value 1.5<10"“ to 1.7x 10~ “. The target thickness sufficed angle of emergencé from the last quadrupole.
to reach the equilibrium charge state distribution. The distri- The effect of the contour gates on the background is very
bution measured in this experiment is Gaussiandrastic, as shown in Fig. 5. The figure compares the ungated
(Q=47,0=1.5) and in excellent agreement with theoreticalhorizontal distribution(dotted lineg with that gated by the
calculationg15] (Fig. 2). contoursk;. and @ defined in Figs. 3 and 4. Here, the scat-
Figure 3 shows the energy distribution in the ionizationtering angle was fixed t@ce=<0.2° for which Coulomb ex-
chamber as a function of the horizontal position in the seccitation is negligible. The peaks of the different charge states
ond drift chamber, for'?°Te ions scattered afic.,—=2.6°. have an asymmetric shape with a low-enefigt side tail
There are four kinds of events. The position in the driftcorresponding to the remaining energy straggling in the tar-
chamber of the events labelét) depends on the magnetic get. Between these peaks, a few events remain after the gat-
field. The distribution of these events reflects the energyng conditions have been applied, corresponding to the
straggling distribution of the Te ions leaving the target. For aevents labeled4) in Fig. 3. We callR the ratio of the total
given charge state, the events label@l are at the same counts in an interpeak interval of= 24 channels to the event
position in the drift chamber, but have different energies innumber in the corresponding peak on the right-hand side. We
the ionization chamber. This energy distribution reflects thdind an approximately constant value @&=(0.44+0.1)
energy degradation in the detector windows after passing<10™“. As the interpeak region is-160-mm wide and the
through the magnetic field. The events labgl@dare mainly  drift chamber width is 600 mm, only three charge state peaks
due to pileup of events inside the drift chamber. The eventsould be measured at a given magnetic rigidity of the spec-
labeled(4) have the same energy independent of the chargtrometer.
state, but have differen{ positions corresponding to differ-
ent trajectories caused by a change of the ionic charge state IV. DATA ANALYSIS AND RESULTS
in the magnetic field. These events are of main interest in
this experiment and are included in the contour gate shown
in the figure, calledE;;, set on the elastic events. Figure 6 gives the,E;. gated spectrum of the Te ions in
Figure 4 gives a scatter plot of the ion positions in the twothe second drift chamber for a scattering angg,=2.6°.

A. General remarks
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During the experiment, the magnetic rigidities were tuned inchambers at positions between the unperturlpedent
such a way that two consecutive runs had two commont®Te® and 2°Te®*! jon peaks. It is worth noting that the
charge state peaks in the focal plane. The spectra could thysobability of a double charge state change due to the Auger

be added by overlapping the related common peaks. process is very small. In Be-like ions, e.g., with 828°2p
Inside the magnetic field of SPEG, beyond the distancgonfiguration, the calculated fluorescence yield is §8%.
d from the target, different species 6f°Te ions coexist. So for all relevant charge stat€3=Q., which are those

(i) 25Te ions in the nuclear ground state, caljatents ~ With T5,>tq (see Sec. Y, this process is completely negli-
give peaks in the spectra of Fig. 6. This figure presents thgible. o o o
horizontal positions in the second drift chamber. The peaks The effect of lifetime variation can be seen qualitatively
have an asymmetric shape because of the angular depe'H—the spectrum of Fig. 6. The intervals between peaks 44-45,
dence of the elastic cross section within the angular openinfy>-46, and 46-47 reflect only the background: Thevalues
Afcey. The effect is especially large because of the smcia@ssomated Wlth_these charge state intervals are comparable
tuning and beam focusing of SPEG noted in Sec. IIl. with those obtained afice,<0.2° (Fig. 5). In contrast, the

(i) 1?5Te jons Coulomb excited to the first nuclear state,/@rge values ofR associated with the charge states’47
with a half-life T(f/z:td- Following the IC process, an elec- 48" are the signature of an enhanced nuclear lifetime. Since

tron is emitted in the continuum, but due to the short lifetimeth® modification of the charge state during the flight pro-

these ions cannot be distinguished from those in their groungtces events located on the high-energy side of the peaks,
state which enter the magnetic field with a charge stat§Uch events cannot be confused with those produced by en-
(Q+1) [seeli)]. ergy loss and not eliminated by the gating conditions. The

total number and distribution of these events are used to
deduce the lifetimes associated with the different charge
hsetates.

(i) %Te ions with excited nuclei and with$,>ty
which impliesQ=Q., called daughters At some position
inside the magnetic field the nuclear state decays. Part of t
decay arises by emission, the other by IC and increments
the charge state by one unit. ThE°Te? ions become
1251e(Q*1) and their trajectories move towards that of the A direct analysis of the data is very difficult. To deduce,
unexcited incidentQ+1 ions. Thus they end in the drift from the location of an ion in the drift chamber, the location

B. Simulation
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inside the magnetic field where the IC process occurs and themple, we used a common half-life value equal to
time of the occurrence of the nuclear deexcitation, one needs.,,=1.486 ns. There is very good agreement between ex-
to reconstruct the actual trajectory through all the magnetigeriment and the calculated positions, shapes, and intensities
elements. Unfortunately, the relationship between the impaasf the main peaks. The simulation also reproduces very well
points in the drift chambers and the point of decay is notthe major features of the interpeak data for thé 46", and
unique. For example, trajectories at different entrance angless™ daughters It fails to reproduce those for the #47and
could end up at the same impact point for different decayg* charge states.
locations. Therefore, for a quantitative interpretation of the We made simulations with a range of half-livés, be-
data we developed a simulation program caliletRTLE™  tween 1.5 and 22 ns. A first set of simulatidastted curves
[17]. in Figs. Ga), 6(b), and &c)] was done with a total number of

In the simulation we used the following parameteli$:  events equal to the experimental one. All the ion trajectories
the beam dispersion parameter&AX,AY,A0,A¢,AP/P)  exiting from the target were followed. Due to the very small
deduced from the analysis of the incident be@im;the scat-  Coulomb excitation probability this yielded only a small
tering angle @ce=2.6+0.2°) given by the slit positions and number of charge changed events by IC inside the magnetic
confirmed by the measurement of the shape of peak topsield even though this kind of simulation required a large
(i) the magnetic rigidity{iv) the incident angl&, and po-  computing time. Nevertheless, this allowed us to evaluate the
sition X, in the spectrometer(v) a background ratio spectrometer transmission including the effect of the spatial
R=0.5x10* from Fig. 5, assumed to be the actual back-constraints imposed by all the elements in the beam line and
ground because of the very low Coulomb excitation prob-the detection system, together with the energy loss and strag-
ability at c.=0.2°; (vi) a nuclear half-lifeT,,,, arbitrarily  gling in the target, on the Te distribution.
fixed for all charge states and then optimiz@esge below, A second set of simulations followed only the trajectories
(vii) for each charge state, the value of the correspondingf daughter events, assuming a unit Coulomb excitation
ICC calculated from th&,,, value and relatiort2). (viii) the  probability, thus providing much better statistics in the inter-
feeding probability of the first excited nuclear state of peak regiongboldfaced dashed curves in Figs(bp and
1.3x10 3, evaluated from the known branching ratios and6(c)]. These simulations were normalized to the previous
B(E2) values[8,18. (ix) the experimental charge state dis- ones which started witparentions.
tribution. An example of the simulation giving the Te ion A quantitative comparison between experiment and the
distribution in the second drift chamber is shown in dottedsimulation was made over each interpeak intervahef24
lines in Fig. a) for charge state=44—49. In this ex- channels, indicated by the horizontal lines in Figa)fas a
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FIG. 6. (a) Experimental horizontal distribution df°Te ions scattered at..,=2.6°. A simulation in dotted lines is shown only for one
Q-independent half-lifel 1,,=1.5 ns. The numbers give the rati®@sof the number of interpeak counts in each selected interval, indicated
by a horizontal line, to the counts in the corresponding peak on the right. Separately measured backgrousdeaggsfor Q=46, 47,
and 48 are shown in Fig. %b) Expanded interpeak spectra and low- and high-statistics simuldiilotted and dashed, respectivefgr
T1»=6 ns and forQ=47 (see text (c) Same agb), but for T;,,=11 ns and folQ=48.

function of T,. For each charge state, we calculated theWhen the lifetime increases, a larger fraction of the ions
quantity x2/n, resulting in the plot of Fig. 7 foQ=46, 47, decays in the first dipole and the distribution of events in the
48. The value of ;,, which minimizesy?/n is adopted as the drift chamber reflects the exponential decay. For a half-life
most probable value of the first-excited-state half-life ofT,,=6 ns, Fig. 8b), a significant fraction of ions starts to
125Te nuclei for a given charge state. This minimum valuedecay in the drift space between the two magnetic dipoles.
was found to be independent ofwithin a reasonable range. Te ions decaying in this region of the spectrometer have the
TheT,;, values and relative one standard deviation uncersame position in the drift chamber. For a still larger half-life
tainties are listed in Table Il. They are compared with theo-T1,=11 ns, Fig. &), an important fraction of excited Te
retical values calculated from the ICC given by the electronidons reaches the second dipole. Once more,Xhgosition
configuration of the atom&ee Sec. Y One sees a spectacu- distribution in the drift chamber follows the exponential de-
lar increase of the first excited state half-life beyondcay law. It is seen in Figs.(B) and &c) that the position of
Q=46, to which we return below. Te ions decaying in the second dipole of SPEG can overlap
The ratio R (Sec. Ill) can also be used to deduce thewith the position of T€*! ions which decay in the first
half-life. In Fig. 8, we give a scatter plot of the calculated dipole. This gives an experimental limit to the lifetime which
decay length&, (velocity X time before IC decagyversus can be obtained by this method.
the X positions, for daughter ions of charge states From the preceding discussion, one can understand the
Q=46—-49 and for different half-lived,,=1.49, 6, 11 ns. shape of theX distribution in the interpeak region, in par-
The shapes of the decay length distribution for different life-ticular, the approximately bell shaped distribution for
times is easily understood: for the short half-livesi.5 ng, = T1,=11 ns due to the large fraction of Te ions decaying in
Fig. 8@a), a very small fraction of Te ions change their chargethe drift region, seen in Fig.(6). For a given number of
state inside the magnetic field of the first dipole of SPEG.interpeak channels, the total number of events depends not
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FIG. 7. Distribution of y?/n
for simulations fitting the experi-
mental distribution in the inter-
peak regions folQ=46—48 as a
function of the assumed,,.
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only on the exponential decay law, but also on the absolutshort and long half-lives both produce few interpeak counts

value of the ICC &%) which is related to the half-life One solution typically can be rejected on the basis of physi-

through Eq.(2.2). Large values ofr;, imply small values of ~cal argumentation. Also the shapes of Melistributions are

a$ and consequently few decaying ions. The raBo as  very different for the possible solutions. FQr=48 the rela-

previously defined, is thus a function of the two variablestive uncertainty is rather large. From the figure one can de-

Ty andQ. duce the values of, listed in Table II, which are in good
Taking into account the background contribution in theagreement with those found by thé/n method.

interpeak interval, the values @& for different T, and Q

values are plotted in Fig. 9. One sees that for a given experi- V. INTERPRETATION OF THE RESULTS

mental value ofR, two solutions forT,;, are possiblévery ) . ) _
The IC process is sensitive mainly to the electronic wave

function close to the nucleus. This property can be used to
determine the ICC in an ionic system of charge st@te
(«9) from the ICC in neutral atomsaf) [20,21]. For a
nonrelativistic system, one find49]

TABLE II. Half-lives of the first excited nuclear state éf°Te
for various ionic charge states.

Charge T (N9
state Exp? Exp.© Calcd Calc® Q(r)
o_ oy P

a*=a’lim—G—, (5.1
0 1.486(9% r—oP (I)
44 ~15 1.60 1.65 _ . o _
45 <15 8.0 26 wherep(r) is the electronic density in the nuclear region.
46 <2 1.8+0.4 8.3 6.7 Any variation in the configuration of the outer electronic
47 6+1 5.0+05 8.5 7.9 shells induces a modification of the screening and thus a
48 11+ 2 11025 10.3 10.1 modification of the inner electron wave functions. Neverthe-

less, the resulting modification of the electronic density near
3Experimental value, used in Eq®) and(3). The uncertainty in the the nucleus is small for the electrons in the ghell. This

last digit is shown in parentheses. leads to a small variation of thK-shell ICC with Q, as
PObtained by they?/n method(see text found for °’Fe ions with charge state@=19—23[6]. This
“Obtained by theR ratio method(see texx is also the reason of the small expected change in the lifetime
dwithout inclusion of BIC. of Te ions in the charge stat®=44 compared taQ=0

fWith inclusion of BIC[22]. (Table II).
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FIG. 8. Simulation of the decay length distributions as a function of the ion positions in the second drift chamber, for the charge states

Q=46-49 and for half-lived;,,=1.5, 6, and 11 ns. The simulations are given for the same total number of decaying ions for the different
charge states.

Assuming that the IC process of the shell is totally  wherel is the total width of the electron hole state produced

inhibited if the transition energy becomes smaller than theby the IC, v, is the nuclear transition energw,, is the
binding energy of theK-shell electrons, the expected life- excitation energy of the hole state, ang, is analog to the
times can be obtained from E@.2), using calculated values usual ICC, but normalized on the energy scale. Just below

of a? [19,22. In Tables Il and I, we report these calculated the continuum boundary the density of atomic states is large
values ofTS, anda¥, respectively, together with the experi- and the probability to find available states in an energy range

mental values. The agreement is good for the charge stat@ @,*I'/2 is close to unity. FoK-shell conversion in ions

Q=44, 47, and 48, but large discrepancies are seen fdtavingp electrons, the radiative width of the excited state is
Q=45 and 46. For the latter, the experimental lifetimes aredominated by emission of2- 1s x rays(in **Te, one finds
very close to the neutral-atom lifetime. To explain this find- for the ratio Auger rate/radiative rate 10~ 2 [16]). For Te

ing, in Ref.[7] we suggested that IC could in principle take ions with one or twop electrons, such a decay givEs=5
place between two atomic bound states in excited Te ions, @V. Using Eq(5.2), modified ICC values can be obtained, as
process we callebound internal conversiofBIC). follows.

Recent calculationg23] show that ICC values indeed do ~ Q=45,46. As there is no metastable electronic configura-

not change significantly when the nuclear transition energgion remaining after 1.5 nl2], the total ICC, including the

crosses théls) electron continuum threshold energy value. probability of bound ICa®? are respectively equal to

For a transition to a bound state labeled by the relativistic
guantum numbers, «, IC becomes a resonant process with

an

1
45_ D45, 45, 45 45 _
ICC value of atr =ay +a|_1+ a’|_2+ ZaL3—7.5,

1 r
b, =
S T Lo o= ot aff+ af3=23
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Q=47. B-like *°Te ions also have no metastable elec-Assuming a statistical population of the ten different Be-like
tronic configuration with a lifetime larger than 1.5 ns. The configurations at the target exit, inside the spectrometer this

ICC value of the ground state configuration is beam consists of ions 59% in theg}'S, ground state and
47 bar. 47 4 41% in the (32p)°3P, excited stat¢25]. We deduce a mean
ar =o't a1 +120;=1.8. ICC for the two configurations,
Q=48. For Be-like Te, there is the well-knowi, meta- s s
stable configuration with a lifetime of about 19's [24]. ar=a=10.
TABLE Ill. Internal conversion coefficients of the first excited nuclear staté?dfe for various ionic

charge states.

Charge ag a?

state Cald Calc® Exp.P Exp.° Calcd Calc®
0 11.985(7% 13.912(1} 13.912(1}

44 ~13 13.2

45 0 5.9 =13 1.8 7.5
46 0 0.6 =13 11+2 1.7 2.3
47 0 0.20 2.70.5 2.7+0.2 1.6 1.8
48 0 0 1.0:0.2 1.0:0.2 1.1 1.0

3Experimental values. The uncertainty in the last digit is shown in parentheses.
bCalculated from Eq(2) and Ty, using thex?/n method(see text

Calculated from Eq(2) and T4, using theR ratio method(see texk

dwithout inclusion of BIC.

&With inclusion of BIC[22].
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These values of the ICC were used in E22) to calcu-  theoretically fromQ=45 onwards, for which the calculated
late the expected half-lives listed in Table Il. One notes theK-shell binding energy exceeds the nuclear transition energy
great improvement foQ =45 whose calculated,,, value is  [7]. As the energies and the experimental charge states are
now close to the experimental one. Fpr=46, a discrepancy well determined, we assert that only the assumption of a
remains, much smaller than without BIC. However, in thisK-shell internal conversion process into atomic bound states
K-shell binding energy range the ICC is very sensitive to anybound internal conversigncan explain our findings. The
small variation of eitherw, or binding energie$23]. For  calculations made within this assumptifi28] give half-life
example, a change of 23 eV of the electronic transition envalues in better agreement with the experimental values.
ergy w,, changesxg*® from 0.262 to 161. An energy shift These effects are not restricted ¥#&Te ions but should ap-
of 66 eV would give a resonance on the Bvel of Te*’* ply to any ion undergoing internal conversion decay, as soon
with a value of a2*’=760 instead of the quoted value as its charge state is high enough so thatktkehell binding
al#7=0.2. energy exceeds the nuclear transition energy.
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