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ABSTRACT 

A method of switching from a nuclear isomeric state to a lasing state is 
examined. A semi-classical model of laser-electron-nucleor coupling is 
developed. In it the electrons are treated as free in the external field of 
the laser, but with initial conditions corresponding to their atomic orbits. 
Application is made to testing this model in " ^ u and to the design criter'-
of a gamma-ray laser. 

1. INTRODUCTION 

Much effort has been devoted in recent years to the search of physical 
mechanisms and techniques that would permit the developement of a gamma-ray 
laser. 1 In one of the most promising schemes proposed up to now, energy is 
first stored in .-• long-lived (isomeric) nuclear state. Then a fast transition 
to a short-lived level is induced by some external stimulation. It is 
presently believed that a certain number of conditions have to be met in order 
to implement this scenario in practice. In particular, it seems at least 
desirable that the second step - the lasing phase - populate the upper level 
of a recoiless Mossbauer-type transition. However, whatever the precise 
sequence of nuclear levels involved, one basic requirement is to be able to 
produce a significant population of the storage level, and then switch it to 
the lasing level in a time shorter than Us. lifetime. 

The purpose of this paper is to analyze the possibilities of a method 
where the isomer population would be switched to the lasing state by the 
motion of the atomic electrons in the field of a intense laser. In fact, it 
seems that highly localized electron current densities can be induced in 
multi -electron atoms by powerful lasers^ and may couple to nuclear 
excitations.•* A direct excitation of low-lying nuclear levels is therefore 
conceivable and would be a powerful test of this mechanism. On the other 
hand, we expect the nuclear transition probability per unit time to be very 
small since the driven electrons move at average distances from the nucleus 
comparable to atomic dimensions. 

We must emphasize that we have no reason to utilize this method to excite 
low-lying nuclear states. 3hat is sol=1y a test of the method. If this 
laser-electron-nucleus coupling has any value, it will be in switching rrom an 
isomeric to a lasing state. We will discuss the conditions in which that B 

could take place later in the pa^er. 

In the present analysis of this problem, we do not attempt to s 
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precise description of the las^r • electrons t nucleus system. An exact 
solution is beyond our imagination and a sophisticated approximation (TOHFJ is 
both in progress and very dirficult.'* Dur aim is rather to determine if a 
laser-electron-nucleus coupling mechanism has any chance at all to be useful 
for a gamma-ray User. In thic spirit, we develop a very simple model for the 
electron motion which always errs in overestimating the electron-nucleus 
coupling, but nevertheless has the structure of a more realistic theory. 
Namely, we assume that the atomic electrons are set into motion by the 
electric field of the laser as if they were free. They are hypothesized to 
move on classical trajectories starting at their location in the atom. 7he 
nuclear transition probability derived with these assumptions is therefore an 
upper limit that is indicative of the possibilities of the method and affords 
an opportunity to exar.,ire these effects as a function of the pertinent 
parameters. We are free to include or not include individual shells and thus 
can examine both the effects of atomic binding (relative to the laser energy) 
and possible coherent electron motion. 

As a test case, we choose the fll=3 transition from the ground state to 
the 75 eV, 26 mn isomeric level of ^ 3 5 U which has also been discussed by 
SOLEM et a ) . 5 in a more simplified model which treats the electron cloud as 
a rigid body. The frequency of this transition being only ~ 15 times that 
of presently available U-V lasers,** it has been suggested as * very good 
candidate for testing this mechanism. However, cur study extends to more 
general cases since we determine the dependence of the transition probability 
on the frequency and multipolarity of the nuclear transition. We also analyze 
the influence of the characteristics (frequency and intensity) of the laser. 

In the second section we develop our model. The results obtained for the 
nuclear transition, probability with different sets of parameters, are 
presented in the third section. In the fourth one, we apply them to the case 
of 235y. The fifth section details design considerations for a realistic 
gamma-ray laser with the provision that our calcinations underestimate the 
power and frequency requirements of the mechanism. Conclusions are drawn in 
the sixth section. 

2. M' J£L 

As mentioned in the introduction, we assume that the effect of the laser 
is to set into motion all the electrons of the atom as if they were free. In 
other words, the influence of the Coulomb field of the nucleus as well as the 
shielding due to the externa"; atomic shells are ignored. In the same spirit, 
each portion of the electron cloud is supposed to move along a classic?! 
trajectory. That ic, we choose simplistic initial conditions, namely thit 
each electron is a classical gas whose initial position is governed by its 
quantum spatial distribution. Neglecting relativi-.tic retardation and 
re-radiation effects, the motion of the electrons is due entirely to the 
electric field I of the laser. We assume the laser linearly polarized (E 
parallel to z) and the wavelength much larger than the atom si:e (which is 
true for ultraviolet and soft x-ray lasers). The z-conponent of the electric 
field can therefore be written E^ = E 0 sin u 0t with m 0 the laser 
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frequency. With these assumptions, each portion of the electron cloud 
initially located at (x 0.y 0.2 0) acquires a harmonic motion on a linear 
trajectory: 

*o 
(1) 

2e(t) - zo " y s i " " o 1 

with the same amplitude 
e E o 

(e and m are the electron charge and mass respectively). Denoting by 
ep^/l charge distribution of the i-th electron before excitation and by 
epjji) its charge distribution when it moves according to 
(1), we have: 

(2) 

. < ; > i ? e ( t » . ,<<><?„> 

with 
r (t) = (x ,Y ,Z - v sin u t) r = (x ,Y ,Z ) e l ' o o o o o o o o o' 

The Coulomb field created at point r by the i-th moving electron is therefore: 

d > (t) l_t .'I' l?.<t» = ,3. ,i i ;(? ) 
|r - r e(t)| |r - r^Ct)| 

and the time-dependent electron-nucleus interaction is 

2 3 ( i ) (r > x V(t) = I J d Jr Q P()
 lV 

x I d r ¥ + . (r,a) e * ^ (r,a) 
' prot ' prot * 

(3) 
prot 

I? - r (t)| 

w"iere l^rot (r,a)(resp. p r ot * (r,o) is the creation (resp. 
annihilation) operator of a proton of spin a at point r. The Hamiltonian of 
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the nucleus in the external field created by the Z moving electrons now is 

H = H + V(t) 

where H N is the nuclear Hami1tonian, and the time-dependent state 
]<l>(t)> of the nucleus can be expanded on the eigenstates |x v > of H^: 

1 E t 
n 

H 
l*(t)> = I b (t) e U > 

H )x > = E | x > N n n n 

We assume the nucleus initially in state |x.0> (with angular momentum I 0 ) . The probability of finding the nucleus in state \x]> (with 
angular momentum 1]) at time T] is 

P(T) = -. ' . I I I b (T) r (1) 
" o N = -I H. = -I, ' o o 1 1 

V T ) = V o + T ¥ f « t Z < x n I V ( t ) l x m > e M y t ) (5) 
o m 

We first evaluate the nuclear transition probability after one laser 
cycle of duration T 0 = 2rr/u0. Since 7 0 is of the order of 1 0 " ^ 
- lCr 1^ s and the electron-nucleus interaction is expected to be small, (5) 
can be evaluated using first order perturbation theory. Then: 

. T . . , 
b l ( V = iH ' ° d t <"ll V< t» I V e 1 U N L (6) 

(Ei - E 0)/H 
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Inserting the expression (3) of V(t) and expanding the Coulomb potential into 
spherical harmonics gives 

To_ 

1=1 X=U p=-X 

f^<^fe

a 
e ( t ) X 

xl /d'r Y- (r) ( J r2dr ^ — < X ] | ^ ( r , . , »prot(?.<.) Ix„> 

' / 

[re(t)]" 

2 [ r
e< t ) ]" t -

r (t) " ^ ^ < Xl"prot ( r' a ) W " " V <7> 

We now assume that the nuclear transition matrix element 
<x I * »(?,o) * »(r,a) | x > * prot protv ' o 

is peaked around the nuclear surface. This is certainly valid for transitions 
between low-lying nuclear states since they involve essentially single-
particle or surface collective excitations. With this assumption, the first 
integral in the bracket is non-zero only if r e(t) lies outside the nucleus and the second one is always very small in comparison to the first: it 
contains the factor (r e(t)/r), with r e(t) smaller than the nuclear radius (we exclude in this study the case of X = 0 transitions). Keeping then only 
the first integral, its upper limit can be extended to infinity. This leads to 

where 
3 (i) ,-> , c S X u ( T o r o ) .: . 
V o <ro> \ 2x + 1 l̂'W 

°x„ " I J d 3 r *prot(^ 0) "* V o t { ? - 0 > <('') 

is the electric multipole operator of order X and 

7° • io, t Vx ( r e ( t ) ) 

S, (T r„) = / dt e (r (t) - R ) e 1 " ^ 1 -* e , , x / o o' /„ eK n' [ r ( t ) ] x + l 

usual rtep function Here 9 is the usual rtep function (9(x) = 1 if x < 0 and e(x) = 0 if x 
< 0) and we have assumed a spherical nucleus of radius R N. 

-5-



Using (8) and (4), the transition probability between times 0 and Tc is 
2 

i i'=l / ^ / ^ ° ° ° » 
P ( V = ( - f ) 4?_, / d " r o / d J r o " o " ^ o > " o " <ty 

Xp X' ;l' 
The quantity 

2x * 1 2X' + 1 

A = 2TJT XJ <*A„'V ^ A v ' V 
0 HQ M1 

is readily expressed with the Wigner-Eckart Theorem and the def in i t ion 

B(EX, I Q * I,) = X X l<XilQ, lx 0 >l (10) 
M=-X M ^ - I . 

of 8(EX; I 0 -» I T ) [ 7 ] . One obtains: 

A = \ x ' V B < E x ; 'o + V ' ( 2 X + 1 ) 

Taking the lowest non-zero value of X as the most prcnable multipolarity of 
the transition, the transition probability finally is: 

2 X fl ) X I 2 
v = - x J i=--i ^ o ^ ' ^ y v , ) ' 2 ^ (") 

with 
X = |I, - I o| * 0 

In the following we shall f i r s t base our discussion on the par t ia l 
t rans i t ion probabi l i ty : 

u=-x (2x+l) 
and the one-electron t rans i t ion probabi l i t ies : 

T ) = / d 3 r „</>(? ) P(T .? ) 
0' I 0 'o v 0 ' 0 0 ^ " J - l f ' o X ' t j P<V?n> d3) 
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How the complete transition probability (11) can be related to (12) and 
(13). that is the effect of the coherence of the motion of the electrons, will 
be discussed in the next Section. 

Finally, the transition probabilities (12) and (13), derived for one 
laser cycle T 0, will be readily extended to one laser pulse Tp = N-T 0 

(N a 3001. In fact, as we shall see in the next Section, the transition 
probabilities for one cycle are small and first order perturbation theory is 
still valid during one laser pulse. Replacing then_T 0 by Tp in (12) and 
using the periodicity of the integrand of S^ M (TQ,r 0), one finds 
that P(T p,r 0 ) is equal to N.P(T 0,r 0) if H^ N/Hu 0 is 
close to an integer and vanishingly small otherwise. Consequently, during one 
laser pulse, only those nuclear transitions whose energies are an integer 
number of times the laser photon energy can be excited by the moving electrons. 

3. RESULTS. 
-> 

We first study the behaviour of the probability P(T 0,r 0 of eq. (12). 
This quantity depends on: 

2 2 1/2 — 
- the parameters r j 0 = (x 0 + y 0 ) and z entering TQ (the 

detailed expressions developed in the Appendix of Ref. 14 show that (12) 
depends on x 0 and y 0 only through the combination r i 0 ) 

- the energy Hi^ and the multipolarity \ of the nuclear 
transition. 

- the frequency u 0 and the maximum electric field strength £ 0 of 
the laser (treated as an incident classical external electro-magnetic field). 

In most applications, we suppose that the laser works in the ultraviolet 
frequency range ()fu0 = 5 eV), and gives an electric field strength E 0 

between one and five atomic units e/ajj (a 0 = .529 10~ a cm). This 
corresponds to an electromagnetic intensity between 7.10'" and 
2.10 1 8 w/cm. These characteristics are similar to those envisaged by Boyer 
and Rhodes [6]. With these parameters, the amplitude 
of the sinusoidal motion of the electrons is greater than: 

- 30 a„ (15) 

The numerical application we have performed applies to the 2 3 5 U nucleus 
(Z = 92, R = .14 1 0 1 3 a o ) and the B(Ex) in eq. (12) has been taken to be 
one Weisskopf unit (we assume the nucleus is spherical with radius Pfj): 

-7-



The one-electron transition probability (12) has been computed using the 
method described in the Appendix of Ref. 14. The dependence of P(T 0,r 0) on r 1 0 is displayed in the Figures (la) to (lc) of Ref. 14 for some sets 
of the other parameters. The observed variations appear very well reproduced 
by the formula (A-22) and (A-25) of Ref. 14 derived in the part 2 of the 
Appendix of Ret. 14. They can be rewritten here: 

P(T ,r = R„,Z ) r „ < R„ o 1.0 N' o j.0 - N 
P(T ,r ,Z ) < { (17) 

0 i 0 ° I RN 2X 
P( To- rxo = W * ( r > RN * r..o i Rmax 

10 

where R m a x ~ 5 a 0 is much larger than the atom radius. In all the 
calculations we have done, the prescription of (17) is very accurately 
followed. 

Since P(T 0,r 1 0,z 0) is maximum for r i 0 = R^, we now 
concentrate on the behaviour of P(T 0,r 1 0 = R N , Z 0 ) as a function of 2 0 and of the other parameters. 

First, the dependence of this quantity on X and on the laser flux <t> 
is, in all the calculations, very closely reproduced by the eq. (A-28) derived 
in the part 2-b/ of the Appendix of Ref. 14. Namely: 

P(T ,r = R ,Z ) a r \ X (18) 
0 i 0 ° * (2X +1) 4 (X +3) 2 

The decrease of the transition probability when <t> increases may seem 
surprising. This behaviour, however, is easily understood from the relation 
(15) between * and the amplitude y of the electron motion: when $ 
increases and the frequency remains fixed, the electrons move farther from the 
nucleus and the average Coulomb field experienced by the nucleus decreases. 
The dependence (18) on'x shows that the transition probability for \ = 1 
is 12 times the one for X. = 2 and 67 times the one for V = 3. 

The figures (2a) to (2c) of Ref. 14 display the variation of 
P(l 0,r i 0 = R N, z 0) as a function of the initial position z 0 of the electron for different values of Wu 0 and Hu^. One observes that 
the probability is quasi-periodic and becomes very small for some values of 
z 0. The period of the oscillations tends to be larger as Mu 0 and KIJN decrease. This behaviour can be understood by looking at the 



formula (A-28) of the Appendix of Ref. 14: the probaoility is proportional to 
(cos ( a 0 u N A ) 0 ) ) ? with z 0 - Tcos°o = °- w h e n z o 
« y, « 0 ~ "/2 - l a / y and the period with respect to z 0 of this term approximately is 

E„ o e o 
*Y — ~ * Z w,. m w co.( N 0 N 

We now examine the one-electron transition probability (13). In the 
part 3 of the Appendix of Ref. 14, we show that an i-pper limit for this 
probability is given by (see (A-45)) of Ref 14: 

P ( 1 ) < y = P n , 3 X ( T 0 , r ± 0 = R N) x (D n*J + E n l J ) (.9) 

with 

P m a x ( T ,r = R..) = Max P(T„,r = R„,z ) (20) 
v o 10 N' , . „ o j.o N o 

1 o' - max 
Here the electron i is supposed to belong to the (nlj) shell. The 
multipolaritv-dependent coefficients k^ are given by (A-43): K-| = 3.5, 
k 2 = 1 3 and k x = 1.0 For X > 3. D n lJ and E n lJ can be 
found for 235u in the Table I. 

The values of the P|,'ax of eq. (20) aie listed in the seconu column of 
the Table II for different sets of the parameters Mcofj Kco0 and X. We have assumed * = 7.10 1 6W/cm 2 for the laser intensity since the 
probability corresponding to other values of d> can be obtained exactly from 
eq. (18). One can verify that the behaviour of (20) with X and Xco0 follows - with an accuracy of about B-9 % - the formula (A-31) of the Appendix 
of Ref. 14. Using dimensionless quantities and allowing BJEX) to be 
different from one Weisskopf unit, this formula can be rewritten he.e: 

Ma. (Kco/5eVr 
P M a x ( T ,r = R u) = °-r ^r1 C <»<•>„) (2D ° i 0 N ^o (2X+1,4 ( W N 

where <t>0 = 7.10 1 6 W/cm 2 and B(EX) is expressed in Weisskopf units. 
Let us recall that this expression can be used only if the amplitude y = e 
E 0 /nvo2 is much large- than the atom radius. Using Table II of Sef. 14 
it appears that C(Hw(j) is a very slowly changing function of 
HwN- It takes values between 40 and 60 for 20 eV < KtoN < 500 kev. This result may appear surprising; in view of the form (9) of 
S ( T 0 , r 0 ) : one expects that the exponential factor averages the integral 
to zero when cô  is large. In fact, the expressions developed in the 
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Appendix ••eveal that only the values of t belonging to a very small interval 
at give a s igni f icant contr ibution to the in tegra l . The discussion leading 
to the formula (A29) shows that 

i t ~ R„ / (Y"J = - V T„ * 10 6 T . N o 2inr 0 0 

It follcws that, unless f>wN larger than at l e a ^ 1 HeV, the exponential 
in (9) does not oscillate in the interval at and consequently the integral 
is not expected to go to zero. From a physical poii.t of view, this result 
means that the electrons are actually effective in exciting the nucleus only 
during the very short time they spend in the vicinity of the nucleus, that is, 
when the Coulomb field experienced by the nucleus is maximum. As a matter of 
fact, at is approximately the time required by a electron moving according 
to (1) with r i 0 - .1 to pass through the nucleus. However, this 
independence of the laser frequency from the nuclear transition is 
misleading. The number cf cycles in a laser pulse, assumed to be 3P0 cycles 
in our case, restricts the nuclear transition to an integer multiple o f '.he 
laser frequency. Practical considerations will restrict this multiple to an 
integer low enough to manage this energy matching. 

The values listed in Table I of Re f. 14 show that the one-electron 
probability (19) is maximum for electrons belonging to the Is and 2s snells, 
whatever the value of X. The probability induced by one electron of the 
3sl/2, 2pl/2 and 4sl/2 shells are 1%, 2% and IX respectively the one induced 
by a Is electron. Electrons on the other shells contribute only less than 
1%. This remark has important consequences concerning the effect of possible 
coherence of the motion of the electron cloud, that is the relation between 
the trtal transition probability (11) and the one-electron transition 
probaoilities (13). In fact, tVe summation over i in (11) can be restricted 
to the 4 electrons belonging to the Is and 2s shells. Consequently: 

P(T Q) = 4 I P ( 1 ) ( T Q ) (22) 

with P (T 0) given by (13) and (19). The effect of the coherence of the 
electron motion is therefore to multiply the incoherent transition probability 
by a factor of 4. This is much less than the Z factor that would have 
appeared by directly trying to majorate the square of the sum over i in (11). 

Finally, the third column of Table II of Ref. 14 displays what we obtain 
as an upper limit for the incoherent transition probability induced by al' the 
atomic electrons. It has been obtained by summing (19) over all the atomic 
hells. According to (22), the total coherent transition probability is about 

4 times larger. 

At this point, we would like to stress that the inner shells - whose 
contribution to the total probability is maximum - ar- occupied jy the most 
tightl" bound electrons. As shovn in Table I of 9ef. 14, the binding energies 
of the is, 2s and 2p electrons ere larger than 15 '<eV. Since the kinetic 
energy of a free electron is, with the laser parameters we have adopted, at 
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most 4 keV, it is very unlikely that the electrons belonging to these shells 
can be set into motion by the laser. In addition, the electric field 
experienced by the innermost electrons certainly is considerably screened by 
the electrons belonging to the other shells. Table I of Ref. 14 also shows 
that the electrons belonging to the 3s, 3p and 3d shells have binding energies 
in the range 3-5 keV. The influence of the laser on these electrons may 
therefore be questionable. However, as we want to keep the possibility o f 

dealing with high laser fluxes and, furthermore, are interested in deriving 
upper limits to the nuclear transition probabilities, we shall assume that the 
electrons of these latter shells do contribute to the nuclear excitation. Due 
to this remark, one should therefore be aware that the probabilities obtained 
when including all the Uranium electrons are very strongly overestimated. For 
this reason, we have listed in Table II of Ref. 14 the transition 
probabilities computed: a/ from the two 3s electrons which are the most bound 
ones that may contribute (fourth column), b/ when excluding the Is and 2s 
electrons (fifth column) and c/ when excluding the Is, 2s and 2p electrons 
(sixth column). The latter values certainly are the closest to reality and 
will be used in the following applications. Inclusion of coherence effects 
would, as before, result in a factor of 4 since, in this case, the 3s and 4s 
shells give the major part of the transition probability. 

4. APPLICATION TO THE POPULATION OF THE 75 eV ISOMER OF ? 3 5 U . 

Given the nuclear transition probabilities per laser cycle found in the 
preceding Section, it is interesting to estimate what would be the number of 
excited nuclei actually produced in a laser-induced excitation experiment. We 
choose, as before, to excite the 26 minutes, 75 eV isomer of 2 3 5 U , and 
assume this can be done by means of the following experimental set-up. A 
sample of 2 3 ^ U hexafluoride gas is enclosed in a small container sitting in 
vacuum. The laser beam passes through the container by means of windows and 
is focused in the center of the container. For reasons related to the 
technology of highly transparent windows, the gas pressure inside the 
container is assumed tD be only 1 Torr (1/760 atmosphere) at normal 
temperature [11]. In this situation, all the nuclei contained in the laser 
focus volume can be supposed to experience the full laser flux and energy 
[12]. The laser characteristics we choose are those considered previously: 
photon energy >ta0 = 5 eV, flux 4. = 7.10 1 6 to 2 . 1 0 1 8 W/cm 2, 
pulse duration = 300 laser cycles (~ 2.10 1 3 s.), pulse repetition rate: 
one per second, focus volume (10 iim)3. with the latter figure one finds 
that the number of 2 3 5 U nuclei involved in the excitation process is - 3. 
10 7. We assume the experiment can be carried out during the whole isomer 
lifetime without change in the number of U nuclei contained in the focus 
volume. 

Table I displays upper limits for the number of isomers that could be 
produced in such an experiment. The contributions of different electrons 
shells are displayed. In each case, we have listed the upper limit of the 
nuclear transition probability per laser cycle (taken from the line hu^ 
= 75 eV, Ku 0 = 5 eV, \ = 3 of Table II of Ref. 14) and the isomer 
yields corresponding to different exposure times. We first give the number of 
isomers produced by the motion of the two electrons of the 3sl/2 shell since, 
as was discussed previously, they are the deepest electrons that are likely to 
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be set into motion by the laser (their binding energy is comparable to the 
kinetic energy of a free electron in the electric field of a laser of flux 
10' 8 W/cm). As expected, their contribution is fairly large: it represents 
60 % that of the 80 less bound electrons. The last two lines include the 
con:riDution of the 2p, 2s and Is shells. Although these shells will not 
participate in the nuclear excitation, we have displayed the corresponding 
isomer yields to show what would be the results if they were incorrectly taken 
into account. The maximum number of isomers that could be produced in the 
envisaged experiment during the level lifetime does not exceed 50-60,000. One 
must recall (end of Section II) that the nuclear transition must be an integer 
multiple of the laser frequency. Whether or not this yield would support a 
viable experimental measurement, we leave to the expertise of our more 
practical colleagues. 

5. APPLICATION TO THE TRANSFER FROM THE STORAGE LEVEL TO THE LASING STATE. 

As a second application, we now study if the excitation mechanism 
analyzed in this work can be used to induce the lasing phase of a gamma-ray 
laser, that is, to cause the transfer from the storage level to a short-lived 
state lying higher in energy. Our discussion will be based on the nuclear 
transition probability per laser pulse P(Tp) deduced from (19). Taking as 
before the pulse duration to be 300 cycles, we have: 

P(T.) = 300 P M a X ( T .r = R„) I g" l j ( D n 4 j *• K F M j ) (23! 
V O J.0 N n l j ». 

where the summation over (nlj) extends to the electron shells participating to 
the nuclear excitation. We first assume the laser photon energy is Mu 0 

= 5 eV, the laser flux is + = 4>0 = 7 . 1 0 1 6 W/cm? and all electrons 
except those of the Is, 2s and 2%, shells participate to the excitation. The 
quantity P H a x ( T 0 , r 1 0 = Rfj) is then very well reproduced by eq. 
(21). The transfer probabilities obtained from (23) in this case are listed 
in T3ble II for B(E\) = 1 Weisskopf unit and different values of the 
multipclarit/ X of the nuclear transition. Let us recall that the results 
are almost independent of the energy of the transition between 20 eV and 500 
keV although the experimental problem of matching the nuclear transition 
energy to an integral multiple of the laser frequency will limit the magnitude 
of this ratio (we have taken C(H U N = 50 in ( 2 1))- It appears that in 
order to obtain a transfer probability per pulse larger than 10"* - a value 
that seer.is at least desirable - with the above laser characteristics, one has 
to choose a nuclear transition of multipolarHy X = 1 and preferentially of 
collective nature (B(EX) > 1). 

It must be noted that acting on the parameters Mu 0 and 4> of the 
laser would not help much in improving the transfer probabilities. At first 
sight, it seems that increasing the ratio (Ku0)/4> contained in P H a x 

(T 0,r x 0R) would be useful. However, since the average kinetic energy 
acquired by one electron from the laser is inversely proportional to this 
ratio, less electron shells are expected to participate to the nuclear 
excitation and the sum in (23) tends to decrease. For instance, if the above 
ratio is multiplied by 10, only the 5s and less bound shells should, in the 
best case, be included and the probability P(T„) increases by a factor of at 
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most 5. Higher values of the ratio would result in no electron motion at 
all. We would stress, however, that the case of low flux and high Hu 0 

is somewhat beyond the limits of the model used in this work which neglects 
the influence of the central Coulomb potential on the motion of the electrons. 

6.. CONCLUSIONS. 

A realistic but computationally simple model has been employed to examine 
nuclear transitions induced by laser-electron coupling. Applications to both 
test the model and to design criteria for a gamma-ray laser have been made. 
Nearly independent of laser characteristics we find the percentage of nuclear 
transitions of multipolarity X to be 

for 1 Weisskopf unit transition matrix element. 

Host electromagnetic transitions between nuclear states have strengths 
several orders of magnitude less than 1 Weisskopf unit. In particular, one 
can expect the transition between a spin isomeric state ant1 a proximate lasing 
slate to be severely inhibited. Therefore, these results inphasize the 
importance of finding isomeric states of a collective natuir.1^ They also 
indicate the value of a quantum mechanical calculation of this motion such as 
that of ref. (4) which would include self shield.ig and a more precise 
treatment of electron currents near the nucleus. 
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Table I. 

? 3 5 U ELECTRONS 
TAKEN INTO 
ACCOUNT 

NUCLEAR TRANSITION 
PROBABILITY 
PER CYCLE 

NUMBER OF ISOMERS PRODUCED 
(luring one during in isomer 
laser cycle one pulse lifetime 

two 3s 1/2 1.3 10~ 9 

All except 3.4 10 -
ls,2s,2p 

.04 11.7 - 18.300 

.10 30.6 - 4 7 . 7 0 0 

All except 4.2 1 0 - 9 

Is,2s 
.13 37.a ~ 59.000 

4.0 10-B 1.2 360. 560,000 
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Table II. 

TRANSITION MAXIMUM TRANSFER PROBABILITY 
MULTIPOLARITY PER LASER PULSE 

(B(E\) = 1 Weis-.kopf) 

1 1.7 lO" 4 

2 7.5 10" 6 

3 .13 10" 6 
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