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The investigations of hyperfine structure, isotope and isomere
shiftg of atomic optical spectra yield information sbout mechanic,
electric and magnetic moments of long and short lived nuclear states.
Contemporary optical faciIities are based on the application of dye
lasers. Their high power and spectral resolution with the possibili-
ty -of broad band frequency tuning 1led recently to the deéelopment
of variocus optical methods in nuclear physics with good resolution,
gelectivity with respect to 2 and A s high efficiency and sensi-
tivity, and the possibility of investigating short lived nuclear
gstates /"

1. Laser specrtometer

The technique of a mess separated evaporated atomic beam, intersec-
ted by a tunable dye laser ray, and registering the fluorescence
light, is known /**%/, Such type of technique, but trying to apply
it without mass separation, by making use of the laser spectroscopy
‘own sensitivity, has been developed in Dubna and described in more
" detail elsswhere /o7,

Our technique is based, firstly, on the atomic beam evaporated
from an oven with collimator; secondly, on the ray of a tunable ring
dye lasger Spectra Physics (SP) 380 A scenning the frequency in a
range up to 30 GHz for a time 0.1 s to 10 min; and thirdly, on the
resonance fluorescence light focused by a lens sysﬁem on a photoml-

Fig.1l. laser spectrometer: 1. dye laser
.,,___ . S8pectra Fhysics (SP) 380 A with a maximum
L %] output 800 o¥ at REG and Laput power 4 W;
u,nﬂu{zj{zzﬂ 2. Ar ion laser SP 171~-18 with maximum
; multi-line power 24 Wy 3, scanning electro-
I S X nice SP &76; 4. scanning interferometer SP’
/ aB 470 3 5, oseilloscope; ©., interaction re-
/ ,:$b¢ gion: atomic beam (x), laser ray (y), fluo~
l PO A M rescence 1ight (z); 7. photomultiplier FEU
) , 79 3 8. amplification and discrimination
R . Bystems .9, 1024 channel analyzer ICA 70 j
" 10, trigger genseratori 1l1l. hollow cathode
5 : etalon lamps; 12, sfectrogra h DFS 8 ;3 13,
mirror; 14, ray spilitter; 15. lens; 16,
ocular; 17. eye; 18, oveni 19. collimator.
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tiplier, operatedfin single photon counting mode, couplsed to a malti-
channel analyzer scanning 103 channels synchroniously with dye laser
frequency tuning with a width up to 30 MHz per channel, The atomic
beam, the laser ray and the fluorescence light intersect each other
under 90 degrees in a 6 mm3 interaction region: see fig. 1.

The atoms are evaporated in a Ta oven heated up to 600 -~ 1800 K
for a.time of 30 s , The atomic beam is collimated with an efficien-
¢y (for definition: see sect. 3) of 3 x 107% (low) or 2 x 10~
(high).

To achieve the single photon counting mode a selection of a sui-~
table exemplar of aFEU 79 photomultiplier with well developed one-,
two-~ snd 80 on photon peaks in the electron pulse amplitude distribu-
tion and a suitable choice of the discrimination level has been per-
formed.The registration efficiency (for definition Bee pect, 3)
consists of photon production efficiency: in our case of odd isotopes
with many line components it is about 2 x 1071 , and of photon de~.
tection efficiency, consisting of two nearly equal partsi light col-
lection and photomultiplier counting: altogether about 5 x 10"3 s it
should be multiptied by the interference filter transmission 2.5 x
1071  (when used: see below).

The ultrahigh vacuum chamber 1is capable to be evacuated down to
about 10'10 Torr, but was operated at a high vacuum of 10~ Torr,
achieved for about 30 min,

Special measures have been taken to reduce oven light background
by suitable diaphragms, and also by introducing an interference £il-
ter before the photomu}tipiier for the 5765.20 A 1line with a maximunm
transmission at 5768 A and a band width of 75 A | experlmentally
reducing the efficiency additionally & times, but also reducing the
oven background to effect ratio about 102 Y¥imes. Also special dia-
phragms to reduce laser light background have beea introduced. Atten—
tion has been pald to reduce photommltipliser darkness noise by keep-
ing it long enough lightproof with voltage implied, and by choice of
the electronics parameters, Noise induced viae the electrical set has
been eliminated too,

The so achieved photomultiplier noise in our case is %40 count/s ,
the laser. background 2500 count/s at 100 mW laser ray power, and
the oven background: 500 count/s at an oven sample temperature
1350 K corresponding to an oven heater temperature of sbout 1750 K.

2. Resolutior and selectivity

A compromise between resolution and efficiency led us to accept
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5765.20 K 1ine: (a) ref.’?/ with Tafe2q Spectra of the
frequency stabilization -and resolu- ’ I 6018,19 K
tion 3 MHz; (b) our results with- line: 63(&) obtained under
out frequency stabilization and collaboration in Moscow;

resolution 30 MHz,. (b) obtained in Dubdna.

for the moment a Doppler broadening of about 25 MHz (see next sect.
3). The laser line width is 20 MHz . This results in a total hyper-
fine structure ;ine component width (resolution) of about 30 MHz .
It 1s gbout one order of magnitude worse than the best imown measu-
rements 7/ on the 63Eu I 5765.20 A line from the 4f7632 3853/2
— 4!7636p zeP.”2 transition: see comparison in fig. 2. However
it is of the same order of magnitude as the recently applied to
other 65Eu lines 8/, and is sufficient to resolve nearer to normal
broader hyperfine structure, ®,%.5 the 63Eu I 6018.19 X 1line from
the 426" oS3, —s a276s6p 2°Py,, transition: see fig. 3. Con-
siderably better Doppler width is: planned for the improved dye laser
SP 208 D with the Stabilok reference interferometer and electronic
frequency stabilization system. It will reduce the laser line width
to 1 MHz , allowing a reductioh of the Doppler broadenipg to 2.5
MHz , and thus a better resolution of 3 MHz .,

There is no question about the selectivity with respect to 2
due to the immense distance between the lines of differeﬁt elements.,
One could be tempted to say that .the selectivity with respect to A
is also good enough since, as one can see from fige. 2 and 3, the
distance between lines or line components of different isotopes 1is
large enough as compared to the line or line component width, How—
ever, near to the basic laser line there are laser modes which can
be minimized but not completely avolded. In our case they remained
on the level 2 x 107* of the basic line after best laser adjust-



ment. If there is some contamination of another A and the same 2
in the sample, satellites of its hyperfine structure appear at fre-
quencles near to this of its neighbouring isotope lime. It follows
from the above estimation that the contaminating isotope should not
be more than 20 times tho measured one (see sect. # and its fig. 5).
Tt mesns that in a 100 mg sample with A~150 and 4 x 10°0 atom,
where the measured,e.g.sradioactive isotope contains 1012 atom or a
concentration 2.5 x 10"9 , the conteminating,e.g., stable isotope
should not exceed 2 x 1013 atom or a concentration 5 x 10'8 of
the basic sample isotops.

3, Efficiency and sensgitivity

To determine the Doppler broadening, efficiency and sensitivity
parameters, one needs to know the flux of evaporated atoms calcula-
ted theoretically, and the photon counting volocity determined ex-
perimentally. :

The calculation concerns also the atomic beam collimation and is
based on a method by one of us described’élsewh?re 9 . In short,
this method uses the Maxwell velocity distribution in the oven and
an empirically based hypothesis about atom scattering from collima-
tor walls, determining the collimator transnigsion. The starting
quantities are the atomic wvapour density in th? oven n and the
Maxwell velocity v ¢ s

n=Pkl | v = V2kT /M (1)

derived from empirical tables of vapour pressure P }Pa] at a glven
experimentally measured absolute temperature T [KJ 10/. It ylelds,
in principle, the whole space (¥) and velocity (¥) distributions
of the atomic £lux out of the oven. . “

In practice we have calculated the Doppler line width at 1/2
height AY (used in previous sect. 2), and the integral. quantities
(to be used further in this sect. })IX' [atom] :+ the local number of
atoms in the interaction reglon; ¥ [atom/s] + the local ‘flux (num-
ber per second) of atoums intersecting the cross ssection of the inter—~
action region perpendicular to the atomic beam axis; ¥ [atqm/s] H
the total flux of atoms evaporated from the oven in all directionss
(X, ¥, YY) are denoted generally by & .

The main sources of error are related: 1) to possible chemical
chanébs of the sample and/or its surface layer, changing P , 2) to
the empirtcal date about P(T) , varying in soms ¢asgs more than one

order of magnitude between different tables, and 3) to the possibi-
1ity that the effective T 1is located at another place than the
measured one. The first source has been found not to act above a gi-
ven temperature T (see sect, 4,.6)., To eliminate the second and
third error sources we have made weight measurements of the total
evaporated quantity for seversl hours ¥dt and compared it with
the calculated one, the difference corresponding to a temperature
change of 12,5 K only. We have checked also the space width of the
atomic flux by comparing the experimental data of ref. /11/ with our
theoretical width 9 giving a better fit than the one of ref. 11/
itself.

The necessdry expérimental quantities are as fallows: Ne [count/
3113 the effect, meaning mumber of counts per second in the peak of
the hyperfine structure over background; Ny fcount/sj'; the back-
ground; both corrected for counting system total dead time and for
eventual deviations from single photom counmting /127; a ; the mini-
mal ratio of the effect to the effect plus backgreund statistical
error, for which the effect 1s accepted to be observable, in our
case we gssume a = 3 3 and tc [s}‘, the measuring time per channel.

The general definition, determination and prognosis of resolution,
efficiency and sensitivity parameters are discussed by one of us
elsewhere £ 2/, We remind shortly the particular practically used
definitions here. We introduce 'the reciprocal efficiency parameters
()(o , ye . V‘e) denoted generélly' by 96 , 88 follows:

Oe= G/Ne- ' €2)

We notice that in the limit when background is negligible, the reci-
procal sensitivity parameters (Xs s }’a ’ ‘)"s ) or generally 85 v
limited by statistics, are directly related to efficiency and time
only:

g = aeQ/(AQ'fC) = a’eé?e/z‘c- (3)

In the opposite limit when background, as usual, is high enough, the
reciprocal sensitivity parameters limited by background are related
not only to efficiency and time, but also to background:

éé = aby Aé Q /qwéfh) = da 6%b NZI/t;' (4)

Let us notice that the total reciprocal efficiency, evaporated
atoms per count in the peak, is ‘WS , 1ts part due to collimatian is



V’/77 = *73ﬂ and to registration is y; . The total reciprocal sen-
sitlvity, minimal observable total f£lux of evaporated atoms, is V’

and its part due to registration, minimal observable local flux of
atoms passed through interaction region cross section, is y; .

Another accepted way to define registration reciprocal sensitivity,
minimal observable number of atoms in interaction region volume, is

X

4, Pure natural Eu

The dependence of efficiency and sensitivity on flux and témpera—
ture is shown in fig. 4. As it should be, efficiepcy is not changed
when changing flux by many qrders of magnitudef However, this is
true after an initial sample heating to remove oxide coating, not to
be seen in the figure. Sensitivity becomes worse at very high tempe-
ratures, due to increased background.
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The dependence of efficiency and sensitivity on laser power is
shown in fig. 5. One can see that %’;1 , and also Ne , tends to
be nearly proportional to I only at low I , but is proportional
to YPB at higher I . Since Ny becomes constant due to dar?ness
noise at lowest I , but is proportional to I at low and high I ,

V;l is nearly proportional to Vi- at low I (probably tending to
proportionality to I at lowest I ), and becomes constant at
higher I . ‘ ,,

Saturation of Ne and thus V’;l with . 1is expected at high I
due to optical pumping to different ground state sublevels in odd
nuclei as. those studied here. It results in a number of transitions
per atom during its 4 s long flight through the ltmm thickﬂipr
teraction. region not higher than,e.g.,1.25 . This is in contrast. to
the case of even-even nuclei with radiation time,e.g.,=~ & x 10_8 S
where multiple radiation could follow which would increase the satu-
ration efficiency in the accepted case 80 times. In any case, at
saturation the effect N will depend on the local flux ¥ and
thus on the interaction region cross section (surface dependence),
but when we are still far from,;t. on the local number X and thus
on the interaction region volumel(volume dependence). However fig. 5
shows that complete saturation is not reached in our case, possibly
due to the broad laser line in combinatioq with optical pumping.

Table 1
Reciprocal efficiency (X, , ¥, , ¥, ) and sensitivity (X, YB ,
Ys ) parameters dependence on experiment at sample temperature T ,

laser power I (time tc = ks and low collimation) for pure natu-

ral 65Eu
Ex ¢ = _
rln::; TK LmW | X, s e e L s %!
1 675 ~60 | 2767x10" 1084x10° 3560x107 | 2780x10° 1p86x108 3816x10°
2 83 215 ms-w" &&22»103 2139x107 | 4,881x10° 1848x10° 6.155x10°
3 887 139 | 3040x102 1180x10* 3920x107 | 5045x10° 1958105 6521109
4 636 136 | 2279x10% 8637107 2878%10° | 3.754x10% 1423105 47384108
Table 2
Reciprocal efficiency ( Y , ¥ ',‘We ) and semsitivity (X - V; R

¥, ) standard parameters for time t = t, and indicated collimation
(at oven sample temperature T = 1350 K corresponding to oven heater
temperature about 1750 K , laser ray power I = 100 m¥ )

1 -1
+ % nation 1y.5 Yo Ye As Y. 8 ¥%.§

1 tow | 89075103 2305103 1131107 | 1483x107 5578105 1858210
1 nigh | 890100 33950103 18108 | 14834100 5.578x105 29854108
Q0 tow | 89072103 239sx10® 1333407 | 14634107 5.578x10° 1858x10'0
001 high | 8907100 3395x10° 18710% | 1.463x10' 557810 2985x109




The dependence of all efficiency and sensitivity parameters on ex-
periment is shown in table 1, Their variation is due %o random fac-
tors such as changes in: 1) atomic beam direction, 2) laser ray di-
rection, 3) photomultiplier pulse amplitude (all three leading to
changes in effect and background), %) thermocouple fixation (changes
in effect), 5) vacuum (changes in background, due to the laser and
oven light scattering by chamber residual gas).

By taking geometric average values of experiments 2-4 (1 has
been done with another photomuitiplier) with a double weight to op-
timal experiment &4 , and by accepting as standard conditions T
1350 K (higher temperature necessary for admixture evaporation: see
sect, 6) I = 100 mW , the standard parameters, shown in table 2
for two values of time t and two collimations, have been ob-.
tained. Let us notice that the reported best level of registration
reciprocal sensitivity ;{s = 1 atom and y; = 10° atom/s for odd
isotopes of the rare element region /24 3/ has been reached. A total
reciprocal sensitivity on the level WE =5 x 108 atom/s 1is good
enough.

5. Evaporation laws

The registratign of small amounts of 63Eu in samples of other
elements may present some surprises due to peculiarities in the
evaporation process. Therefore samples of ,Sm and 60Nd contaml~
nated with ,,Bu on the concentration level c = 10 [Bu atom per
sample atom] have been studied and the validity of vapour pressure
law over .ideal solutions checked. This hypothetic law states that
Eu vapour concentration, instead of n over pure Eu, will become
cn over the Sm or N4 sample. Correspondingly the [} quantities of
sect. 3 will be changed to c&. '

Firstly, we introduce the theoretical evaporation law for the
concentration c(t) wvariation with time ¢t :

t .
3 X inX
ct(t/=cezp[— /(w/&)de R L P S L T
0

)

where ¢ = ct(O{EIislghe initial concentration; V¥ 3 the total flux
of one of both ’ 6§Eu isotopes from the sample; and ) s the
number of this isotope atoms in the sagmple X = Sm, N4 . Actually
(5) is valid if the Eu concentration is low and the sample element

X evaporates little during the process time t . In this case, with

=

-

the ideal solution hypothesis, ¥ and O can be changed to the
same quantities ¥,Eu and 5Eu for a pure FEu sample with the same
total number of atoms. We are going to use (5) in the last form., In
the contrary case the concentration ct(t) must be changed to the
considered 63Eu isotope number of atoms 5.= 6.(t); and c¢ , “to
5(0) .
Secondly, we propose ar ideal experimental evaporation law:
tv, X X Ey Evin X
Ct'(f) = QC /0@ _} 8@ =6 /NC (6)

which measures actually the ratio of Bu wvapour concentration over
the sample X to that -of saturated vapour over pure Eu . It should
be valid for the Eu sample concentration too, if the ideal solution
hypothesis would be true, The difference in ci(t) between the case
£ =X and & = ¥ (the second one identical with the case @ = ¥ )
is related to the difference between volume (no excitation satura-
tion) and surface (excitation saturation) dependence of the effect
Ne on number X , respectively flux ¥ of atoms, discussed in
the previous sect, &4, In our intermediate case, having in mind their
small difference, we Just ‘take the arithmetic average value of

e () for g =X and =Y .

And thirdly; we deduce the real experimental evaporation law:
>0
Ev Eu tyin X
()= [N.¥, dt/s" Mo =N, =
t

for the actual BEu sample concentration. We normalize (5) to experi-
ment (7) by assuming c¢ = cr(O) .

6, Natural fu admixtures in Sm and Nd

‘he results for all the three ev&porafion laws and for two expe-
riments with 63Eu in 628m are presented in fig. 6; and with 63Eu in
60Nd , in fig. 7. Each admixture experiment is treated with the da-
ta @& Eu of the suitable pure Eu experiment: Sm (1) with row 1; Sm
{(2), Nd (1, 2) with row 4 of table 1. In all the experiments the
temperature T has been increased to maximam for a time to (seve-
ral tens or hundreds of seconds) and then kept almost unchanged.

One csn see in figs. 6 and 7 a different behaviour of the evapo-
ration curves in the three time +t intervals (O,ti)l (ti,tf),

(tf,co ), where ty 1is related to t, being near to it, and ¢, ,

9



Fig.6. Time (t) dependence of three natural
63§P in ¢25m concentrationss theoretical (5)°
ct(t) (crosses), ideal experimental (6) ci(t)
squares), real experimental (7) cr(t)
(circles); for two experiments (1: solid
lines, 2: dashed lines). The middle fast
decrease interval end points ti, tf for

each experiment are also indicated: mee text
sect.b.
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Fig.7., Time (t) dependence of three ] o
na%ural g3Fu in . Nd concentra- y ~—fi
tions. The rest as for fig. 6. 1L

tf are defined bvelow. In (O,ti) the theoretical concentration ct(t)
decreases slowly due to the low temperature T and thus flux Y .
The ifeal concentration ci(t) y measuring actually a relative eva-—
poration velocity, is lower, almost constant and even increases in
some cases, probably due to oxide coating evaporation hindrances and
to its removal with time and temperature. The real concentration

cr(t) decreases slower than ct(t) due to both reasons mentioned

above: low flux and low evaporation velocity. In (ti,tf) a fast ap-
proximately exponential decrease of all three ct(t) , ci(t) , cr(t)
is observed, due to almost constant T s with exponential constants
differing not very much if the slow exponentials of ci(t) y ¢ (t)
in (t;, o) are subtracted. The ideal law is approximately val?ﬂ,
the evaporation velocity being limited almost only by collimation.

In '(tf,oo ) ct(t) continues to decrease according to the same

exponentisl, However both ci(t) ’ cr(t). follow another exponentiai

with ? much lower constant. The relative evaporation velocity ci(t)
remains correspondingly below .the integral concentration cr(t)

10
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This is an indication that the ideal law is vidblated here, and &va-
poration is limited by something stronger than collimation, e.g.,Dby
slow diffusion of Bu from sample interior to its surface, )

As one can see from (6))the reciprocal efficiency cige and sen-
sitivity cigs for b3Eu in 623m and 6ONd remain the dame as the
accepted ones from the corresponding pure Eu experiment. However the
effective reciprocal sensitivity Cr@s can be different due to other
conditions, e.g.,temperature T (changing Nb), power I (changing
Ny N,), and also due to other evaporation velocity (changing Ne).
In table 3 we give two concentrations of natural 63Eu: thg ini-
tial one ¢ at time t = O , and the residual one Cn at a later
time ¢t = tm' coinciding with the time of one of the first measu-
rements, defined as follows:

¢ =¢(0)

e

Cm= C(tn)  [Cilt) = max] - (8)

We give also the absolute numbers of atoms of one of both 63Eu iso-
topes: 1) corresponding to ¢ , and 5n1 corresponding to Cp *
At last, the reciprocal sensitivities c 0 = (e Xy v ¥y s Cp¥y)
at t =t are shown.

Table 3
Concentrations (c, ¢ ),numbers of atoms (4,8 ): see text sect.
6; effective reciprocal sensitivity (cmXs ’ cmvg , cmvé) at tempera-
ture T , power I (time ;tc= 1 8 , high collimation) for natural
63Eu admixtures in 628m and 60Nd

Sumple'is'::' c m 5 [ T K LW | cpXs  cm%. s cmvg,s!
Sm 960741075 95071075 36420100 3642410' | 1200 -60 |1612+16° 6.987¥10° 37404108
Sm 2 [6098x10°5 5093105 286710 286710% | 150 575|261.07 1544a16 82614107
Nd 1 [54570°5 4516.105 2282.10' 1689.10™ | 1300 60519744100 1.023.10° 475,100
Nd 2 2453105 1592008 1225.10'8 7951x10™0 | 1350 485| 9584a100 529706 2835.1c°

. Table 4
Concentrations (A c,z&cm), numbers of* atoms (ACT,Ad;g: gse text

sect. 7; effective reciprocal sensitivity Cdcmls A ¥ ,A.ch;) at

temperature T , power I (time tc = 18 , high collimation) for

mass separated 12;Eu implanted in yoMo and lg%Eu implanted in 75Ta

Sample lsotope | 4 acm a8 45m TK LW | acyXg acs,:\:ﬁ. Ar.,"'-w,
. -

1 _
Mo e 118,08 713,107 1186410" 75774102 | 1500 685 81734107 53104107 28¢8.10'0
Ta "Meu [702:07 1012007 133:10'3 1802107 | 1850 125 | 1500.107 23084107 1556, 10%
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Oné sees that concentrations ¢ from different experiments are
roughly the same, as they should be up to the wariations discussed
in sect. 4, One observes also that up to éhesa variations, sensiti-
vities in table 3 are the same as the standard omes derived from
pure Eu experiments in table 2. It means that: 1) real experimental
conditions of table 3 do not make an essential difference from the
stendard ones accepted in table 2 2) evaporation of Eu out of Sn
and Nd is not considerably hindered.

7. Mass separated Eu implanted in Mo and Ta

Preliminary results are reported, and one of the spectra is shown
in fig, 8, One sees the 100 times predominant presence of implanted

12§Ep over residual natural admixture lggEu,
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Fig,9, Time (t) dependence of

Fig.8. Spectra of the 122Fw I
3 three concentrations of masa se-

implanted in ,.Mo 5765.20 A

1ine at evaporfition start. The parated lggE“ implanted in ,.Mo
residual 16%Eu line is also (s0l1d 1ines) and glEu implan-
obgerved with 1% inten- ted in ,;Ta (dashed ? lines).
sity, The rest‘”as for fig. 6.

Time deg;gdence experiments on mass separated lggEu implanted in
42Mo and 63Eu implanted in 73Ta are shown in fig, 9, No first re-
gion (O, ti) is observed here at variance from figs, 6 and 7 s DOB-
8ibly due to the immediate temperature rise ( to 2 30 - 85 s) here
to very high values. There is a. second (ti s tp) fast evaporation

region which seems to be related to the implanted isotope of 63Eu.
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There is also a third (tf,°°) slow' evaporation region, possibly due
to natural admixture 65Eu . In fact, in the last case the 63Eu
isotope being earlier implanted, and the other one being residual
natural admixture, become equal. However, all three evaporation laws
in the (ti,tf) rogion are drastically different, The collimator
hindered concentration ct(t) is immediately going to zero. The re-
lative vapour concentration c¢,(t) is much less than the sample
concentration cr(t) . This means that evaporation of 6 Fu out of
ngo and Ta is additionally hindered, about 50 times (compare
ci(tm) with ¢, (%,)) for implanted 63‘Eu isotopes; e.g., due to se-
paration from surface, and/or initial very fast evaporation without
hindrances finishéd in several seconds and thus remained unobserved.
Regidn (tf,°o) shows that natural admixture Fu evaporation is
hindered much stronger (compare ci(tf) with cr(tf) )y ©.8., Gue to
edditional diffusion to surfacs. Fig. 9 shows also that natural ad-
mixture 6 Eu is considerably more in our 42Mo than 73Ta samples
(compare c (t,) gg; Mo and Tg%.

Mass separated 65Eu and 65Eu, implanted in q'Emlo and 73Ta,
are observed as shown in table 4, Here only the concentrations of
the implanted 65Eu isotope Ac at t =0 and 4 ¢, at t = t
are given:

m

ac=c.(0)-c(t) acy = ¢ (1) - ¢ () (9

together with the corresponding numbsrs of atoms of the impl;nted
isotope AS and A5m .« And finally the reciprocal sensitivities
for implanted 63Eu Acm@s = Qe X ,Ac ¥ ,4ac ) at t=t
are shown,

Sensitivities of table 4 -are about 50 times worse than those de-
rived from pure Eu experiments in table 2 and from ku admixture in
Sm and Nd experiments in table 5., This means again that the evapo-
ration of Eu implanted in Mo and Ta is additionally hindered about
as many times.

m

8, Minimal nuclide registration amounts

A% standard conditions, for a scanning time ts =10 3 (tc s 18
per channel,l0 channels per scan), high collimation, without addi-
tional evaporation hindrances, as it follows from the second row of
table 2 and from table 3, the minimal registration amount should be

Y;ts =3 X 109 atom. With additional evaporation hindrances, as it
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follows from table 4, this amount might increase to about Y t_ =
1.5 x 1011 atom, An on-line modification is under consideratignS
which should be able to see at standard conditions, but for ts =
0.1} s per scan ( tc = 0,01 s per channel, 10 channels per scan),
high collimation, quite roughly V%ts =3 x 108 atom .

Three possibilities are open in this way! Firstly, analysis and
investigation of low amount admixtures, natural, imﬁlanted and/or
abtained as a result of a rare process; Secondly, off-line spectro-
scopy of stable or radiocactive nuclide ground or isomeric states
with lifetimes 2 40 min ., Por cross sections of about 100 mb, such
nuclides can be obtained on the JINR heavy ion accelerators in
amounts = 6 x lO10 atom , but longer living 2= 2.5 x 1012 atomsg
Thirdly, an on-line spectroscopy modification, which should be sable
to deal with lifetimes > 0.1 s . For cross sections of about 100
m , such nuclides can be obtained on the same accelerators on the
level > 2.5 1O6 atom , but longer living > 108 atom . In a
continuous on-line measurement the minimum registered amount becomes
equal to the produced one 3.6 x 1010 atou for a time of 24 min.
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Fanrpckwin 0.0, ,Xan F'en U., MapuHosa K.f. ,Mapkoe b6.H.,

Hapwawkos E.[., Yan Konr Tam - E6-86-233
PervcTpauma HM3KUX KOMMUECTB HYKIMOOB

H3 fla3epHOM CREKTDOMETPE C ATOMHLIM MYyUKOM

WccnenosaH na3epHbHil CREKTPOMETDP, NpefHa3HaueHHui AnA odd-~nakH wu3mepe=
HWA AfEPHLIX MOMEHTOB CTabunsbHux WM paauoakTueHux Apep. Ero paspewenue, ce-
NeKTUBHOCThL, 3MHEKTUBHOCTL M UYBCTBUTENBHOCTL ONPEAENeHH C MCMONb308aHMEM
npeumymiecTBeHHO nuHmu 5765.20 A, a Taxwe 6018.19 A, obpa3uos uuctoro ec-
TecteenHoro  151.153Ey. PaccMOTpeHu B8O3MOXHOCTW YyBMAETb NpuMeck gyEu B8 06-
pasuyax peaxux 3emenb goNd, g2Sm, a Takke Macc-cenapupoBaHHLIX M30TONOB g3Eu,
MMINaHTUPOBAHHUX B ,4oMO, ;3Ta. U3yueHo ucnapenue ga Eu M3 aTux obpasuoe
Y BO3MONHWE MOMEXM ANA PEermcTpauun Hu3kux KonuuecTB. Takum obpasom oueneHw
MUHUMANbHBIE KONWUECTBA PervcTpaunn 8 uOcanM3npoBaHHLIX U peanbHuiX YCNOBMAX.

PaBoTa swnonHeHa B flaBopatopum sgepHbix peakuun CUAW.

[penpryt OGvemHeHHOro HHCTHTYTa ANEPHBIX HcCieloBaHHM. [ly6Ha 1986

Gangrsky Yu.P.,Han Gyong |.,Marinova K.P., Markev B.N,,
Nadjakov E.G., Tran Cong Tam E6-86~233
Low Amount Nuclide Registration by an Atomic Beam Laser Spectrometer

A laser spectrometer designed for off-1ine nuclear moments determina-
tion of stable and radioactive nuclei is investigated. Its resolution, se-
lectivity, efficiency and sensitivity have been determined using mainly
the 5765.20 R line, and also 6018.19 A, of pure natural 151.153 ' Eu samples.
The possibilities to see low amount g4 Eu admixtures in rare earth samples
of ggNd, 4,5m, and also mass separated g3 Eu isotopes in ,,Mo, 73Ta have
been considered. The 44 Eu evaporation from these samples and its possible
hindranges to low amount registration have been studied. Thus the minimal
registration amounts in idealized and real conditions have been estimated,

The investigation has been performed at the Laboratory of Nuclear
Reactions, JINR.
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