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Emission of y rays by x-ray electron-nuclear transitions
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We estimate the cross section of processes in which a transition effected by an inner atomic electron takes
place simultaneously with a nuclear electromagnetic transition, for electric and magnetic interactions of various
multipole orders. We calculate the rate of deexcitation of isomeric nuclei induced by processes of this type for
the case when the holes in the atomic shells are produced by incident ionizing electrons and find that the
induced nuclear deexcitation rate becomes comparable to the natural decay rate for ionizing fluxes of the order
of 10 W cm~2. We show that folE1 andM 1 nuclear processes for which there is a matching between the
electron and the nuclear transition energies, these electron-nuclear transitions can be used to produce pulses of
Mdssbauer radiation, with yields of the order of* g mA 1. [S0556-28187)04106-X]

PACS numbgs): 23.20.Lv, 23.20.Nx, 42.55.Vc

Electron-nucleardouble transitions are a class of pro- action is relatively large. The branching ratio for nuclear
cesses in which a transition effected by an atomic electroexcitation by an electron transition is inversely proportional
takes place simultaneously with a nuclear electromagnetito the square of the difference between the electron transition
transition. There are several types of electron-nuclear transpnergy and the nuclear transition energy. Therefore, nuclear
tions, depending on the range of energies for the electron ar@kcitation by an electron transition becomes important when
nuclear transition energies. Thus, the application of a radiothere is a matching between the transition energy from a
frequency magnetic field to a sample generates additionglopulated nuclear state, like the ground state or an isomeric
lines in the Mmsbauer spectrfl—8|. In the case of the State, and an x-ray transition energy. Typical transition ener-
electron-nuclear double resonanf®@-11, a microwave gies are of the order of a few tens of keV's, and the detuning
magnetic field interacts with the Zeeman sublevels of elecbetween the electron and nuclear transition energies may be
trons from incomplete atomic shells while a radio-frequencyof about 1 keV. The nucleus can also make a transition from
magnetic field interacts resonantly with the magnetic sublevan excited state to a lower state while an electron is raised
els of the ground nuclear state. Another possib[litg,13is  from an inner shell to a hole in a higher shell. This process
that the electron transition takes place between the Zeemanay be called nuclear deexcitation by an electron transition.
substates of incomplete electron shells while the nucleudhe process of nuclear excitation by an electron transition
makes a gamma-ray transition. These electron-nucledtas been observed iff%0s [16,17,21, 2% [18], »*Np
double transitions, also involving microwave magnetic[19], and *’Au [22]. Although the cross sections for nuclear
fields, produce additional lines in the Mgbauer spectra and excitation by an electron transitions are rather small, these
may have applications for research on the amplification oprocesses are interesting because they represent a way to
gamma rays without inversion of the nuclear population andontrol a nuclear transition by actions exerted at the atomic
for the identification of the position of lines in complex level.

Mdssbauer spectra. In the case of the electron-nuclear double In this work we give expressions for the cross sections of
transitions at optical frequencies, the optical pumping ofelectric and magnetic x-ray electron-nuclédouble transi-
atomic hyperfine transitions by a laser induces an anisotropijons (XENDT’s) and study the application of these pro-
in the angular distribution of gamma rays emitted by thecesses to the problem of induced gamma emission. If the
nucleus(14]. nucleus is initially in a long-lived isomeric stafg), the

In the case of x-ray electron-nuclear transitions, the elecelectron-nuclear transitions open a new deexcitation channel
trons make transitions to fill the holes created in the atomidor the isomeric state, in addition to the regular gamma-ray
shells by a beam of incident electrons or by the electrons ogmission and internal conversion. One possibility is the di-
a dense hot plasma. In the process of nuclear excitation by agct deexcitation of the isomeric nucleus by a transition from
electron transition first described by Mor[tt5—23, an elec-  the isomeric statéi) to a lower statél), while an electron is
tron from a higher electron shell makes a transition to fill araised to fill a hole in a higher electron shell. Another possi-
hole in an inner electron shell while at the same time thebility is the two-step deexcitation of the isomeric nucleus by
nucleus makes a transition from the ground nuclear state ta transition from the isomeric staté) to a higher nuclear
an excited nuclear state. The nuclear excitation by an electate/h) while an electron from a higher shell makes a tran-
tron transition competes with the conventional atomic deexsition to a hole in an inner electron shell . The nuclear inter-
citation via x-ray emission or Auger emission. The branchingmediate stat¢h) then decays by the emission of a gamma-
ratio for nuclear excitation by an electron transition dependsay photon to the lower nuclear stdté. These alternative
on the energy of the interaction between the inner-shell elecauclear paths for the deexcitation of an isomeric state by an
tron and the protons of the nucleus, and since the inner eleelectron transition are shown in Fig. 1. The rate of the
trons are rather close to the nucleus, this energy of the inteelectron-nuclear process is proportional to the electron flux
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FIG. 1. Nuclear paths for the deexcitation of an isomeric state | £y | i E|
by electron transition. The two possibilities are the direct deexcita- n> a,> )
tion from the isomeric statéi) to a lower statgl) via a nuclear nucleus atormic
deexcitation by electron transition and the two-step deexcitation, shell

when the nucleus goes from the isomeric stateto a higher state

nuclear statgh) via a nuclear excitation by electron transition; FIG. 2. The two cases of XENDT’$a) Nuclear deexcitation by

then, it decays to the lower staflg by regular gamma-ray emis- electron transitiodNDET), when an electron from an inner shell

sion. makes a transition to fill a hole in a higher electron shéi).

Nuclear excitation by electron transitigNEET) when an electron

which produces the holes in the atomic shells, and for suffifrom a higher electron shell makes a transition to fill a hole in an

ciently large ionizing electron fluxes the deexcitation rate byinner shell. The subscript_s 1 and 2 indicate the initial state and final

the electron-nuclear process becomes comparable to ti§éate, r(_espe(_:tlvely. The_hlgher electron shells are reprgsented by t_he

natural decay rate of the isomer. Another application of tha!Pper lines in the atomic level schemes. The. arrows in the aFomlc

x-ray electron-nuclear transitions is the possibility of produc-Scheémes suggest the path of the electron which fills the hole in the

ing pulsed Mssbauer gamma radiation for isotopic elementd"'tial state.

where there is a matching between the electron transition )

energy and the resonant nuclear transition energy. nuclear 3t§t4”1> to the final nuclear statfn,) of energy
We shall calculate the probability of an x-ray eIectron—E(zn)- The final state of the electron-nuclear process is thus

nuclear double transition for electric or magnetic interactiong@,n,). If EV>ESY, we have a nuclear deexcitation by an

of arbitrary multipole orders and shall estimate the cross selectron transition, as shown in Fig.(a& and if

tion for the production of these transitions for the case wherE{"<E{" , we have a nuclear excitation by an electron tran-

the holes in the atomic shells are produced by incident ionsition, as shown in Fig. (®).

izing electrons. We shall estimate the ionizing electron fluxes The probability of the electron-nuclear process depends

for which the rate of the electron-nuclear process becomesn the detuning A between the total initial energy

equal to the natural decay rate of the isomeric state, both fag{" + E{?) and the total final energig{" + E{¥

a direct deexcitatiofi)—|l) and for a two-step deexcitation

[iy)—|h)—[1). Then we shall list the isotopic species for A=EM+EP —(EQ+ER). 1)

which it is possible to generate resonantddbauer radiation

by eI?jc.tron—_n:jjclear transitions and shall estimate the corq,, widthsT';,T', of the atomic statefa,),|a,) are deter-
resonding yields. mined by the x-ray emission and the Auger and Coster-

The initial state of the eleqtron—nuclegr Process 1S Préyonig emission of electrons. We shall represent these pro-
pared when an electron hole is created in a certain atomig, .o by imaginary terms—iTy/2,—iT,/2 in the

subshell, for example, by electron impact. We designate thiﬁamiltonian matrix of the electron-nuclear systemci{t)

“ ey . . (a)
initial atomic state byla;) and its energy byE;®>0, as  ;qc (1) are the amplitudes to find the electron-nuclear sys-

shown in Fig. 2. Moreover, we design.a.te the initial nuclearg in the statefa;n,;) and|a,n,), respectively, the Hamil-
state by|n,) and the energy of the initial nuclear state by tonian equations for this system de4]
E(". The initial state of the electron-nuclear process is thus

|a;ns). In the course of the electron-nuclear transition, an i
1 . dc; ir

electron from another atomic subshell fills the initial hole, ih o =— 7c1+V12eiA“ﬁcz, %)
thereby creating a new hole in a different subshell and thus

leaving the atom in the final stata,) of energyE{>0. .

The electron transitionja;)—|a,) takes place simulta- i% de; o, ~isthe 'F_ZCZ, &)

: o -~ —=Vige
neously with a nuclear transitigm,)— |n,) from the initial dt 12 2
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whereVq,=(a;n,|V|ayn,) is the matrix element for the in- Pio= (23" +1)P. 9
teraction between the electrons and the nucleus,\gpds
the complex conjugate 0f;,. The solution of Eqs(2) and We shall estimate the matrix elemant, appearing in Eq.
(3) with the initial conditionsc;=1,c,=0 att=0 is (8) as the energy of the interaction between two electric mul-
tipoles of the same order or between two magnetic multi-
: IA+(I'1—T'p)/2 poles of the same order. In the case of the interaction be-
— i Atfi— (T +T)t/4h _ ; } . .
ci(t)=e v cost 280 sin)t |, tween electric multipoles of ordek, the energy of the
(4) interaction[26,27] can be estimated as
ivVy, 3feeri(n’l’,[r"-71nl;)
c.(t)= — @ 1AUA—(T1+Tp)t4hginO) 5 (EL) _ J
V75 © Ve T A e 2L+ (L +3) 19
where where r is the radius of a nucleus of mass numbfer
5 5 ra=roAYS ro=1.2x10"15m, and the dimensionless factor
QZZL(A_iFl_FZ) V2 (6) fg is of the order of unity. In the independent-particle
4h* 2 he nuclear model used in this work the energy of the interaction

V{ED is not proportional to the proton numbgr
The energy of the interaction between two magnetic mul-
Ripoles of order can be estimated as

The fact thatc,(t) —0 andc,(t) —~0 ast—oe is due to the
presence of the imaginary diagonal terms in the Hamiltonial
equations2) and (3).

The probabilityP to have the nucleus in the statg at the L) % 3e2r,';
end of the process can be obtained by multiplying the prob- V35 ~'= fM( )
ability |c,(t)|? of finding the electron-nuclear system in the . MpCra/ (4m) Peo(2L +1)(L+3)
state|a,n,) by the probabilityl",dt of an electron transition ><<n’|3,

from the statda,n,) to other statesajn,) ,

(m2c?r?/h2+1) Y4~ Ynly), (12)

. wherem, is the electron massn, the proton mass, and the
p= J' |cz(t)|2F2dt. (7) dimensionless factdrn, has values of a few units. The factor
0 filmycry is of the order ofv,/c, wherev, is the proton
velocity, and gives approximately the ratio between the mag-
Usually we have|A|>T,T5,|Vigl, so thatQ?~A%/47%,  netic and the electric multipole momerig], and the factor

and then (m2c?r?/h?+1)"Y2 is of the order ofuv(r)/c, where
T 4T, [Vil? ve(r) is the electron velocity at a distancdrom the origin.
- 1F 2 % (8)  For r>h/mgr the factor (mic?r?/#2+1)~ 2 is approxi-

1

mately equal tdi/mgcr, while for r—0 it converges to 1.

This is in agreement with the expression giver[1]. The The total transition probability in the electric case is then

1/A? dependence is characteristic of nonresonant Rabi oscil- T +T, (23" + 1)|V(EL)|2
lations in two-state system25]. The phase of the state pEL__1 "2 2 (12)
|a;n,) is the sum of the phase of the atomic sfag and of Iy A

the phase of the nuclear statg), and similarly the phase of

the statgla,n,) is the sum of the phase of the atomic state

|a,) and of the phase of the nuclear sthtg). The probabil- , (ML)[2

ity P, Eq.(8), is independent of these phases. p(ML):Fl+F2 23+ Vi
We shall assume that in the initial atomic stédg) the o Iy AZ

hole is in thenl; subshell of principal quantum number ) ) _

orbital angular momenturh, and total angular momentum !0 this work we shall assume thég=1, fyy=10, as in the

J. An atomic electron can make a transition to fill this hole, Weisskopf estimate of gamma-ray transition r424. As in

thereby creating the final stata,) having a hole in the the case of the We.|sskopf estimates, the p_robabllltles. in Egs.

subshelln’IJ’,. If the angular momentum and parity of the (12) and(13) may differ from the real transition probabilities

. by about two orders of magnitude.
T T2
nuclear statesn,),|n,) are respectivelyl*,1;% then the The cross section of an x-ray electron-nuclear double

angular momentunt; of the state|nl;,n;) is such that {ansition is then
|[J—1,|<F;<J+1; and the parity of the statml;,n;) is

and the total transition probability in the magnetic case is

(13

II,=m(—1)". The angular momentunf, of the state 0= OhoiePiot» (14)
In"l}, ,ny) is such thafd’ —1,|<F,<J’'+1, and the parity _ _ _
of the statdn’lj, ny) is H2=7-r2(—1)". where oy, iS the cross section for the production of the

In Eq. (8) we have assumed thane electron interacts initial hole in the atomic subshelil;. We shall estimate
' Thole according to Gryziski [28] as

with the nucleus to produce the electron-nuclear transition.
There are, however, 2+1 electrons which can make a e (2+1)
transition from then’l], subshell to fill the hole in thel, Uholezmgi(EeI/Enlj)v (15
subshell, so that the total transition probability is 0=nl,
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TABLE I. Direct deexcitation of isomeric nuclei induced by XENDT's.

Nuclide E; EL/ML t;(s) nly  n'lj, Vi, A Piot o Eq D,
(keV) (eV) (keV) (cm?) (keV)  (Wcm™?)
855r 6.96 E3 4.06x10° 3ds, 2psp 3.27x10°° 515  3.1X%10% 750104 0.213 7.76¢10%°
86y 10.2 E3 2.88x10° 3ds, 2ps, 4.04x10°° 823 20610 351x104 0.253 2.7&10%°
®TC 2.17 E3 2.16x10*  3ds, 2ps, 9.47x10°° 0251 6.3x10 2 4.19x10%® 0.405 4.96¢10'°
1620 10 E3 4.02x10° 4ds, 2py,  3.97x10°% 2,09  2.6X10°2Y 4.42<10°%° 0258 1.6%108

4 u 59.1 M3 1.2x10°  4dg, 1sy, 973108  -4.04 6.8%102' 7.63x10%* 0314 3.7x10%
188Re 2.63 M3 1.1x10° 4fg, 3py, 4.40<107%2 0009 6.2510°F 1.44<10°%° 0.069 4.76<10'8

where E, is the energy of the ionizing electron and wherenuclear double transitions, for several isomeric nuclides hav-
the expression of the functiogy is given in Ref.[28]. We  ing a half-lifet;>>10 min, and for which there is a downward
shall assume that E,= 1.6En|J, and we have transition|i)—|l) of energyE; <100 keV. We have used

0i(1.6)=0.109. the total atomic level widths as given by Keski-Rahkonen
In the case of a direct nuclear transition from stajeto  and Krausg29], which include the radiative width, the Au-
state|l) the rate of the electron-nuclear process is ger width, and the Coster-Kronig width. In order to evaluate

the matrix elements in Eq410) and (11) we have repre-
Ri=oNe, (160 sented the atomic statdsl;),|n’l},) by screened hydro-
whereNy is the number of ionizing electrons per unit surface 9€NIC Wave functions. The values of the screening constants
and unit time. The relative deexcitation rate for an isomerid!@ve been determined according to the rules of SI&r In

state of half-lifet; is then Tables I,_I.I, and Il we have used the values of Fhe gamma-
ray transition energies, energy levels, and half-lives adopted
T,=0Ngt; /In2. 17 by the IAEA Nuclear Data Information System, and for the

atomic energy levels we have used the values listed by Led-
In the case of a two-step nuclear transitjon—|h)—|l), the  erer and Shirley{31]. We see from Table | that for direct

induced deexcitation rate of the stdig is induced emission the lowest values of the ionizing electron
energy flux ®, are of the order of 1§ Wcm™2, for
R“ = O.NelBy (18) 174“Lu and ggnTC.

In Table Il we have given the results of calculations on
the two-step deexcitation of isomeric nuclei by x-ray
electron-nuclear double transitions, for several isomeric nu-
clides having a half-lifé; > 10 min, and for which there is an
upward transition|h)—|i) of energy E,;<100 keV. We
have used the theoretical internal conversion coefficients of
(1+ ap)Tp, Bandet al.[32] and of R®selet al. [33]. The values of the
= _ (199  branching ratioB are calculated according to EGL9). We

(L4 an)Ini+ (14 an) Ty see from Table Il that for the two-step induced emission the
lowest values of the ionizing electron energy fllry are of
the order of 1&* W cm~2, for 17"Lu and ®¥"Re.

In the case of®"Tc the energy of the isomeric transition

Ty=oNgBt /In2. (200 is Ey=2.1 keV, and the®Tc nucleus makes a transition
from the|l) level to the ground state with the emission of an

The induced gamma emission becomes significant whe®40.5 keV photon. In the case 6f®"Re the energy of the
the induced and natural decay rates are equal, soTfkat ~ upward transition i€€,;=10.7 keV; then, the'®®Re nucleus
or T,=1 . In the case of a direct deexcitation process theemits 26.7 keV, 63 keV, and 156 keV photons. In the case of
energy fluxd, of the ionizing electrons for whici,=1 is 1747y the energy of the upward transitionk;=29.1 keV;

then, thel™Lu nucleus emits 44.7 keV, 67.1 keV, and 88.2
IN2E, keV photons. Thus, the emission of gamma-ray-induced
' (22) electron-nuclear processes may be regarded in these cases as
an upconversion of the incident electron energy. The effi-
In the case of a two-step deexcitation process the energy flusiency of the upconversion process is, however, very low.
@, of the ionizing electrons for whicli;=1 is A preliminary step in the direction of the observation of
gamma-ray emission from nuclear isomers via electron-
nuclear processes would be the generation of resonassMo
bauer gamma radiation by electron-nuclear transitions. In
this case, a transition of a nucleus to an excited state is in-

In Table | we have given the results of calculations on theduced by an electron transition to a hole in an inner atomic

direct deexcitation of isomeric nuclei by x-ray electron- shell, the hole being produced by incident ionizing electrons.

whereB is the branching ratio for the gamma-ray transition
|[hy—|l). We have determine® from the Weisskopf esti-
mate of the radiative width§',,;,I";,, and from the internal
conversion coefficients ay;,a, of the transitions
[h)—=[i).[n)—11) as

B

The relative deexcitation rate for an isomeric half-lifeis
then

: O'ti

_In2E

Pi=r g (22)



TABLE Il. Two-step deexcitation of isomeric nuclei induced by XENDT'’s.

(I)ll
(Wem™?)

Ee
(keV)

V12
(eV)

6.52x 1072

n’l

B

E, EL/ML
(keV)

EL/ML

Ehi
(keV)

EL/ML

EiI

(keV)

24.9

Nuclide

(cm?)

(keV)

(hi) (h1)

ti(s)

3.29< 104

@i

M3

6.5 106

12.3
3

2.18x 1032

9.16<10° 11

-21.5
-20.1
2.69
1.52
-18.1
-22.2

2

2sy,

1sy,

2.90%x10°°

E2

52.9
181.1

M1

28.3

58Co
99Tc

1.8 10

9.24x 10739 3.7

2.88¢10°16

2py, 1.50x10°%4

1s1p

E2

M2

2.16x10* 38.4

M4

142.6
150.8
275.9
10.0

42.7 2.1 10

7.45x10° %

3.7 10714

2psp  2.32¢10°%

1s1,

2p3p

M1

171.3
278.8

20.5 M2

2.91x 10°

E3

lllcd
133Ba
162HO
174Lu
186Re
188Re
19105
202Pb

6.48< 10%°

8.39
89.0

1.03x10° 4

9.9% 10"t

6.78<10°8

3d3,

1

M1

E3

2.93
65.7

1.40< 10°

M4

5.18<10°

4.74x 10738

1.0x10™ ™

2ps, 8.66x10°4

1sy,

2p3p

75.6 M1

M2

4.02x 10°

E3

1.45¢ 103

9.23x107°%% 148

2.78<10° 14

3ps, 1.02x10°°

1
5.34x 107

M3 1.23x10° 29.5 E2 88.5 M1

59.1
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9.9% 10%

114.7
20.0

3.79x 1038

1.3% 10

4.1

1.34x10°3

2p3p

1syp

M2 86.6 M3

37
10.7

6.31x 102

E5

50
15.9

2.06< 10t

9.67x 10 33

1.0%10°10

-0.026
3.

-9.79x10°°

3d5/2

25l/2

26.7 M1

131.9

E2

1.12x10°

M3

3.06¢ 10"

118.2
20.8

4.02x 10731

1.55¢77
43104

8.54x 1071 34

2sy,

2.26x10°%  1sy,

E2

4.72x10" 57.6 M1

M3

74.4

7.20x 10736 3.05¢ 106

-28.6

Dap 3pa  1.82x10°3

0.829

38.6 E2 168.1 E2

1.27x 10

E4

129.5

This type of Masbauer source would be active only as long
as it is excited by incident electrons. The gamma-ray line is
much more narrow than the x-ray line, so that aseloauer
scatterer can be used to distinguish between the gamma-ray
photons and the x-ray photons.

If ionizing electrons of suitable energy are incident on a
thin layer of surfaces and thicknessl, containing the Mes-
bauer nuclei, the numbét,, of resonant gamma-ray photons
emitted per second by the nuclei in the layer is

INd,

Ny T e ™ @3

wherel is the incident electron currerg>0 is the electron
charge,N the concentration of Mesbauer nuclei in the foil,
and « the internal conversion coefficient for the transition
under study. The number of Mebauer gamma-ray photons
generated per second via electron-nuclear transitions per unit
of incident electron current is thex, /1. We have estimated
the thicknessl, as

A 2
de:aZEmJ, (24)

wherea=5.63x 102 whend, is in wm, the density of the
target in g cm 3, and Eni, in keV, A andZ being the mass

number and the proton number for the nuclei in the target.

In Table Il we have listed the stable nuclides and the
nuclides having a half-life greater than 100 days for which
the detuning igA| <10 keV. We have also required that the
spectral gamma-ray intensity at the center of thesshmuer
line produced by electron-nuclear transitions should be
greater than the spectral intensity of the bremsstrahlung gen-
erated by the ionizing electrons and should also be greater
than the spectral intensity due to nonresonant x-ray emission.
We have used the x-ray emission rates calculated by Scofield
[34]. The aforementioned conditions are fulfilled Bt and
M1 transitions when there is a matching between the x-ray
transition energy and the nuclear transition energy. We have
evaluated the induced \dsbauer activity per unit of incident
electron currenN,, /I for a target concentratioN = 1072 nu-
clides cm 3. The nuclides in Table Ill which have a signifi-
cant recoilless fraction at room temperature ar€Sn,
181py, 1890s, and'®3r. For theE1 andM 1 transitions listed
in Table IlIl, the energy of the interactiow,, is of the order
of 1 eV, the probabilityP,, of the electron-nuclear process is
in the 10 =10 * range, the cross section of the electron-
nuclear process with respect to the incident ionizing elec-
trons is in the range 16°-10 2 cm?, and the Mssbauer
activity per unit of incident electron curreit, /1 is of the
order of 1¢ Bg/mA. This would be a rather weak continuous
gamma-ray source, but the interesting property of such a
Mossbauer source is that it can prodycesesof Mossbauer
radiation.

We have assumed so far that the holes in the atomic shells
are produced by electrons. The generation oskhmauer ra-
diation by electron-nuclear transitions can be also be studied
with incident protons having an energy of the several MeV.
The smaller cross sections for the generation of the holes in
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TABLE lll. Emission of Massbauer radiation induced by XENDT's.

Nuclide Nat.ab./half-life E, EL/ML Halflife nl; n'l), Vi, A Pt gl(l1+a) Eg N, /I
(s (keV) (9 V) (keV) (cm?)  (keV) (BgmA™?)
11%n 8.6% 239 M1 1.80x10°8 1s;, 2s;, 0.316 0.86 4.38107 7.16x10 % 46.7 1.4%10*
129 495x10“* 278 M1 1.68<10°8 1s;, 2s;, 0.364 0.17 1.1810°° 1.49x10°?® 53.1 5.0%10°
152y 427108 898 E1 3.84X10°7 1s;, 2py, 1.85 -48.9 3.3%10°° 2.04x10° % 776 5.6X1C°
154y 2.71x 1¢° 682 E1  22x10°% 1s;, 2py, 1.86 -27.3 118108 6.62x10°%2 77.6 1.4X10°
155Gd 2.09x 10 415 M1 4.08<10°° 1s, 2s;, 0.571 0.30 8.6410 ° 4.85<10°%° 804 25x10°
157Gd 15.7% 639 E1 46107 1s;, 2py, 194 -21.6 1.8%10°° 1.06x10°% 804 1.4%10°
161py 18.9% 256 E1 2911078 1s;, 2p;, 2.08 196 2.6%10°° 1.29x10% 86.1 1.1x10°
161py 18.9% 438 M1 83x10% 1s;, 2s;, 0.614 0.92 1.0810°° 528<10°% 86.1 2.86<10
17973 5.65x 10 30.7 E1 1.42x10°% 1s;, 2py, 267 256 24%10°8 7.71x10°% 107.8 6.5K1C?
1811 99.9% 6.24 E1 6.05<10°% 2ps, 3s, 0.0968 094 1.0910 7 3.17x10 % 158 51K107
18%0s 16.1% 69.6 M1 1.62<10°° 1s;, 3s;, 0.413 1.28 2.9%10 7 7.63x10°3 1182 3.4%1C°
193y 62.7% 73.0 M1 6.09x10°° 1s;, 3s;, 0.426 -0.10 4.9%10°° 1.21x10 %8 121.8 4.2%1C°
195y 1.61x 10 615 M1 3.0x10° 1s;, 2s;, 0934 491 879108 1.91x10°3 129.2 84K1(?
97au 100% 77.3 M1 1.91x10°° 1s;, 3s;, 0.454 -0.054 1.9%10 % 4.29x10 2% 129.2 3.2%1(°
231pg 1.0%x102 842 E1 451x10°% 1s;, 2py, 4.62 8.07 7.2x107 8.07x10°% 180.2 4.9%10*
ZNp 6.77<10"° 1029 E1  8.0x10 % 1s;, 2py, 4.88 -1.91 28%10°° 2.85<10°%° 189.9 1.5k 1C°

the atomic shells are compensated by the larger proton rangdon rates could be obtained for ionizing energy fluxes of the

in the target.

In this paper we have investigated the possibility of in-

order of 16* W cm™2. An application of x-ray electron-
nuclear transitions which requires lower electron fluxes is the

ducing nuclear deexcitation rates comparable to the naturgleneration for certain elements of pulses of ddloauer
emission rates from nuclear isomeric states by using the relgzamma radiation.

tively large energy of the interaction extant between the

nuclear protons and the inner atomic electrons. The calcula- This work has been supported by a research grant from
tions of the present work show that significant induced emisthe Romanian Ministry of Research and Technology.
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