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The new algorithm for the determinations of the characteristics functions of the energy distribution, decay probabil-
ity, decay intensities and life times of the excited levels is proposed. Quantum-mechanical motivation of the needing of
the time characteristics revising for the nuclear-chronometers it is given. Calculations for concrete decay events of the
nuclei 2*U, #*Th,**U at room and stars temperatures, with and without account of the Doppler effect were conducted.
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1.INTRODUCTION

Since the statistic low of the radioactive decay it is con-
sidered absolutely exact, work of the "nuclear clock",
which are used for measurement gap time in the geologies,
archeologies, astrophysicist, is founded on its principle.

Main principle of the technology nuclear chronome-
ters consists in correlations measurement of the mother
and daughter nuclear in the greater volume of the mat-
ter. Such principle is founded on tacit suggestion that
velocity of the radioactive decay is constant and does
not depend on physical and chemical states of the ambi-
ence, in which are found radioactive nuclei. However it
was currently realized, that thereof rules in some cases
there are exceptions.

So, change of the chemical state of the decay atom
and the thermodynamic influences bring to the observ-
able change of the electron seizure velocity and internal
conversion. And in unusual states of the strong ionizing,
for instance, in depths of the stars, more strong effects
of the velocities increase can exist even for a- and [-
decay. This is necessary to take into account in radioac-
tive chronology.

Besides, up to recently time, in all known method
nucleus chronometry took into consideration only life
time of the main levels of the decay nuclear. But dura-
tion of the nucleus radiation processes seizes not only
main, but also many excited states of the synthesized
nuclear, which were formed. Account these factor can
greatly change the final results estimation for all time
interval, characterizing evolution decay chain, and up-
dated factors of "nuclear clock" can correspond to great-
ly smaller values of the real processes duration for the
nuclear-chronometers decay. Signifies that the "age" of
object in which occurs decay should be smaller [1].

2. DECAY EVOLUTIONS

Purpose given work was a development of the algo-
rithm for the account of the decay of the necessary
amount excited states of the radioactive nuclei and their
heat motion.

For description of the decay evolution and determi-
nations its time characteristics (probability, intensities,
life time) in these work quantum-mechanical approach,

founded on Krylov-Fock theorem [2], generalized for
the mixed states (when decay process of the ensemble
of the particles simultaneously goes with its formation
by the nucleus syntheses or decay of the previous state)
[3] is used. Such approach allows taking into account
mentioned above factors.

For simplification of the analysis limit ideal event of
the long life a-active nuclear, which in determined ini-
tial time moment (t = 0) portioned in two states (main
and first excited).

Then, in accordance with Krylov-Fock theorem de-
cay functions L(t) and Lo(t), characterizing decay of cer-
tain initial (first excited) and following (main) states ac-
cordingly, are presented in the manner of

L) = |p@)|’ /Ipo)|’. (1)

L) = ) /(0 @)
were

(D)= |Gy ()] exp(- iet/Dy ()

p(1)= [|GE) exp(- iet/Dyd - “)

0
characteristics functions of the energy distribution ener-
gy at the main and first states. Marking width of the
main and first excited levels of the a-decay by I',* and I’
o« accordingly, and width of the y decay by T, the full
width of the main and the first excited state are present-
ed by

To=T Ti=T4+T,.
Then characteristics functions for the main and first ex-
cited states will be determined by appropriation energy
spectrum of a distributions

|G (¢ )‘2 = const’(i1 -e)t+ r12/4‘_1 X
leg-ereri/af, (5)
G = coneer-o e 2 @

Here £, £, u €- energy of the main and first excit-

ed states and actual system energy, which consists of the
internal motion energy of the mother nuclear and kinetic
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energy of the heat motion. Probability of the decay will
be defined by

w,(#)=1-L,(1), (7
and velocities of the decay with provision of the each
channel contribution -

p, (=TT, dw,@)/dt,

were n=0,1. ®)
Intensity of the decay it is possible to define as
t
1(t) = [dtp(Dp,(t- 1) ©)
0

For determination of the radioactive nuclear life time
and period of its half-life T,, it is possible to use
known formulas

()= [d)dt][ 1(t)dt, 1. = 12 (10)

So, offered approach allows taking into account de-
cay not only main, but also previous state of the nuclear.
Such decay can occur on two channels. As can be seen
from energy distribution (5) and (6), decay of the first
exited state has purely exponential nature. Decay of the
main state already has not an exponential nature since it
is assigned by multiplying of the two exponents. This
allows expecting that account of the decay each previ-
ous exited level in decay chains will contribute certain
additional distortion in the exponential nature of result-
ing energy distribution. So, final estimations of the time
intervals can be changed.

3. DESCRIPTION OF THE DATA

First this approach (for the approbation reason) was
used for theoretical description of the y-quantum time
distribution, which is resonance scattering by nuclei *’Fe

at Messbauer experiments [4].

Since according to scheme of such experiment [4],
the decay process of the scattering with excitation for
nuclear *Fe goes simultaneously with their resonance
excitement by the y-quantum, which flies from source,
for description of the decay evolutions we use general-
ized Krylov-Fock theorem (1) — (4), where

2 -1
\Go(e )‘ = const[(e - 50)2 +T 2/4]
is spectrum of the excitement energy distribution at the

nuclear of a source, and

G(e)| = consz[(s -, ) 4T 2/4]'1 X
X [(s -he-g, ) 4T 2/4]'1

is spectrum of the excitement energy distribution at the
*’Fe nuclear of the scattering matter; the energy shifting
At is adjusted by the velocities driftage device of the
source; [ = 0/1.

Calculating p(?) and p,(¢) on formulas (3) and (4)
by means of theorems about deduction, we shall get in
accordance with (9)
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1(t) = consf{exp(-1/T1)}(t/1 +
(T /be)sin(the /h+ §)- sing |
{- cos(the /0+ 9 )+ cosp}, (9a)

where
¢ = -arctg(l /20¢).

Fig. 1 express results of the calculations by the for-
mula (9a), with Ae= 3I" (curves 1), which are normal-
ized on upper points of the experimental data in com-
parison with results of the theoretical calculation [4]
(curves 2,3), which are executed within the framework
of classical theory of the electromagnetic radiation in-
teraction with a matter. As it is seen, results of our cal-
culation well agree with experiment that is indicative
about the correctness using of such approach for deter-
mination of the time decay characteristics.
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Fig. 1. Time distribution of the y-quantum, resonance
scattered by "Fe nuclear (Ag =3I

4. DOPPLER EXPANSION

As is well known, Messbauer effect occurs without
Doppler expansion of the lines, but under usual decay of
the excited nuclear levels within matter with a very high
temperature (for instance, in depths of the stars),
Doppler effect can play observable role. So, for more
strict description of the decay evolutions it is necessary
to take into account the Maxwell function of the distri-
bution on energy

1 (€-¢,)
f(s,sy)ck:-/\/E e

where€, = ¢ Vz / 2Uc* - kinetic energy of the return of

exp(- )de

the nuclear after the releases or the absorptions of the y-
quantum, €, - y-quantum energy; D = 2./¢ kT is the

Doppler width for the resonance release or absorption.
Then real functions of the g-quantum energy distribu-
tion with provision of the Doppler expansion we shall
present in the manner of

G, ()| o = f|Gn(s)|2} (£, )de, Jae

0
where £, = £~ €6, €t D n=0,1.As a result for
Go(€) and G(€) shall get the following expressions:
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The offered method possible to generalize on event greater amount excited states. For this matter function Ga(e)

N -1
shall present aS‘Gn (¢ )‘2 = constﬂ ’(5 e T /4] , where j [] [l,n] , 11is considered level, and similar image
i=1

we shall average on energy. As a result of multiple transformations we shall get following expression:
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Here I'2/ 4 =2a% 1/D*=0b% TI¢/4=a’ , time for the first excited level of the ***U nuclear disre-
£€'=¢- ¢, - changes at calculation integral; a,, a  garding of the Doppler effect (Tew,=2,9300" ¢, Tieor =

and a are special points (£, = ia,; €, = ia,; &, = ia;)

As it is seen, the generalized Krylov-Fock theorem
allows to take into account not only Doppler effect, but
also necessities amount of the excited states of the ra-
dioactive nuclear, appearing in nuclear-syntheses pro-
cess, that, certainly, must positively influence upon ac-
curacy of the estimation of the intensities and decay ve-
locities of the radioactive nuclear-chronometers, and,
signifies, upon estimation of the different objects age by

the methods of nuclear chronometry.

5. RESULTS OF THE CALCULATIONS

To realize, what influence renders Doppler effect on
the main features of decay, they were organized corre-
sponding calculations under room and under stars tem-
peratures for the radioactive nuclear **U, **°U and **Th,
which are broadly used in large-scale nucleus chronom-
etry for the dating of the astrophysical objects age. For
simplification of the calculation was considered event of
the consequent decay only from the first excited and the
main states. Calculations were conducted by numerical
methods and have shown that in the case of, when
Doppler effect was not taken into account, the graphics
of the intensities of the decay nuclei have maxima in
pointes, corresponding to the table values of the given
level life-time. This is indicative of that the offered
method is correct. As example on Fig.2 is brought
graphic of the decay intensities dependencies from the
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Fig. 2. Decay intensities vs time for the excited nuclear
38U disregarding Doppler effect

Calculations conducted with provision of the
Doppler effect have demonstrated that under room tem-
perature it practically does not render influences on the
decay velocity and life time of the excited level (Teksp=T
«or). But under stars temperature (7 = 300%), as was ex-
pected, probability and intensity of decay noticeably in-
creased and, accordingly, decreased the life time. As ex-
ample on Fig. 3 is brought the graphic of the decay in-
tensities dependencies from the time for the first excited
level for the **U nuclear with provision of the Doppler
effect under stars temperature. In this case, Tieor= 4,600

'''s, when turning to the stars temperatures, the life time
of the first excited level of the **U decreased approxi-
mately in 6,4 times.
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Fig. 3. Decay intensities vs time for the excited nuclear
P8U with accounted of the Doppler effect

The similar calculations of the life time for the first
excited level 2°U and *Th, called on for with provision
of the Doppler effect, have demonstrated its reduction
under stars temperature in compare with experimental
data in 5,7 times for 2°U and in 7,2 times for >*?Th. Fol-
lows to expect that account of the greater number of the
excited states will give else greater reduction of the life
time.

Given work is a first stage of the complex quantum
theoretical research of the decay time features. Analyti-
cal expressions are received in this work for the time

characteristics of decay for the long life a-active nucle-
ar, which in determined initial time moment portioned
in two states (main and first excited) with provision of
the Doppler effect. Generalization of the getting expres-
sions is made on event greater amount of the excited
states. Calculations called on for concrete nuclear under
room and stars temperatures, have demonstrated signifi-
cant increase of the decay velocities under stars temper-
atures and possibility of the observable speedup of de-
cay because of presence of the excited states.

Designed method allows at decay processes to take
into account Doppler effect and necessities amount of

the excited states. Such method conducts corresponding
calculations for the different nuclear and for the differ-

ent temperature, that permits its practical application in
nucleus chronometry, for instance for more exact deter-
mination of the astrophysical objects age and decay time
of the nuclear waste.

6. CONCLUSIONS

Modern methods of the nucleus chronometry found-
ed on classical belief about constancy of the decay ve-
locities and not taking into account influences upon de-
cay time features of the different factors (in particular,
the heat motion of the nuclear and decay of the previous
states), give only possible upper estimation limites of
the objects age. So such estimations must be revised
within the framework of more general quantum theory.
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HNCCJIEJOBAHUE BPEMEHHBIX XAPAKTEPUCTHK PACIHIAJA SIIEP-XPOHOMETPOB
C IEJBIO YTOUHEHUSA BO3PACTA ACTPOOPU3ZNYECKUX OFBEKTOB

H.L /lopowko, M.D. /lonunckasn

ITpeIoKeH HOBBIH AITOPUTM UTS ONPENENEHHS] XapaKTEPUCTHIECKUX (yHKIMI PacTpe/ieNieHus IO SHEPTHH,
BEPOATHOCTH PACIajid, MHTEHCUBHOCTH PAcTiafia ¥ BPEMEHM JKU3HU BO30Y)KIEHHBIX COCTOAHWIT ypoBHEH. JlaHo
KBaHTOBOMEXAHMYECKOE OOOCHOBAHME HEOOXOJMMOCTH TEPECMOTPA BPEMEHHBIX XapaKTEPUCTHK SIEP-XPOHOMET-
poB. IIpoBeeHBI pacueThl 11 KOHKPETHBIX ciydaes pactana sgep ~°U, #?Th, *°U npu KOMHATHEIX M 3BE3IHBIX
TeMIepaTypax ¢ yaeroM 3¢ dexra Jlorepa u Ipy ero OTCyTCTBHH.

JOCJIIIKEHHSA YACOBUX XAPAKTEPUCTHUK PO3ITALY AAEP-XPOHOMETPIB
3 METOIO YTOUHEHHA BIKY ACTPO®I3NYHHUX OB'€EKTIB

HJL /lopowiko, M.E. /lonuncoka
3anpoNOHOBAHO HOBHH aNTOPUTM JUIS BHU3HAYCHHS XapaKTePUCTUYHHMX (YHKUIH po3noainy Mo eHeprii,
WMOBIpHOCTEH po3mamy, IHTEHCHBHOCTI pO3Mamay 1 dYacy OJKATTS 30yIKEHHX CTaHIiB piBHIB. 3po0iieHO
KBAaHTOBOMEXaHIUHEe OOTPYHTYBaHHS HEOOXIMHOCTI Meperisay 4YacOBHX XapaKTePHCTHUK sIep-XPOHOMETPIB.
TpoBeneni po3paxyHKU Uil KOHKPETHBIX BUINaAKiB posmamy saep U, **Th, *°U npu KiMHATHUX i 30pSHUX
TeMIepaTypax 3 ypaxyBaHHIM
edexty Jlomiepa Ta 3a HOro BiZCYTHOCTI.
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