ders of magnitude than the reserve of chemical energy.
The reaction vessel was a tube with calcium~fluoride
windows mounted at the Brewster angle. Generation was
obtained at many lines of the vibrational bands of the
HF* molecule in the wave-number range 3600 - 4200 cm_l,
corresponding to the vibrational transitions in the HF
molecule. Figure 2 shows the oscillograms of the chemi-
luminescence pulses (a) and generation pulses (b) at
the transition P, of the 2 - 1 vibrational band (the
scale of osecillogram b is 100 times larger than that
of a). The generation pulse duration at half-height
was ~5 usec. A calorimeter was used to measure the
total energy QL of the light in the pulse. It is

" and

possible to introduce the concepts of "electric
"chemical" efficiencies of such a laser: the electric
efficiency is KE = QI/QE and the chemical efficiency

is Kc = QL/HQC, vwhere 1 1is the degree of burnup of

the mixture and Qc the reserve of chemical energy.

Estimates based on the results of the experiments Fig. 2. Oscillograms of pulses:
yielded KE =2-10% and K, 0.2%. These quanti- a - chemiluminescence, sweep 50

. C _ ) usec/em; b - generation, sweep 5
ties exceed by several orders of magnitude the effi- usec/cm.

ciencies attained in kmown photochemical pulsed lasers. Apparently we have come in this case
much closer to a truly chemical laser, if we take KE > 100% as the criterion for such a
laser,
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In the present investigation we have observed experimentally that the approach of the

turning points and of the pseudointersection point of the potential terms of the quasimolecule
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I, rel.un. Cs+He affects the behavior of the cross section for the ex-

/; citation of the Cs II lines near threshold.
o0k Using the setup of [1], we investigated the threshold
_ df behavior of the cross section for the excitation of three

gz{, Cs Ii lines produced as a result of the collision Cs+ + He
-+ Cs ¥ + He. We observed the experimental thresholds of
three resonant lines of Cs II: A = 926.7 R; A = 901.1 K,
E = 116 eV; and A = 808.7 A, E = 160 eV. All three
lines exhibit a similar behavior with increasing Cs+ ion
3%F energy (see the figure).
When Cs+ collides with He, the Cs II lines are excited

most probably as a result of the pseudointersection of two

S0+

terms Ul(r) and U2(r) of the quasimolecule Cs+He, where

4 l K7 R T F, ev the first term corresponds to the normal state, when the
2 unexcited Cs+ and He come closer, and the second pertains

. + .
Intensity of Cs IT and He line. +to the case when Cs+ is excited and He is in the ground
1 - experimental points, 2 - cal-

culation by means of formula (2). State.

The approach of the two terms should be most favored,
apparently, upon excitation of resonant levels, when the electronic term of the initial state
first intersects only the terms corresponding to the resonant levels, and only then, possibly,
other higher terms. The excitation of the resonant lines of Cs II is a particularly favor-
able case, for when the energy of the Cs+ ions increases the first to be excited are the res-
onant lines of Cs II, and the He I lines are excited only at much higher energy.

If the energy of the relative motion of Cs+ and He is E > Ub (UO is the ordinate
of the pseudointersection point Ul,g(r); the turning point is far enough from Ub), then the

probability of the non-adiabatic approach is given by the Landau-Zener formula [2]

2002 2pa 2
W _(v) = -y - -
1,2(¥) =2exp FAF )[1 exp ( Py ) (1)

and the cross section is written in the form [2,1]

Om (2)
U(E) =2r f le(v)pdp,

where a 1is the matrix element connecting the two states under consideration, and Ub and

r. are the coordinates of the pseudointersection point

O
AF = |F, - F 0
= | ' 2I’ Fl.z-- P , v =dr/dt rerg
r=1r
(-]

pm-’o‘/l" (U. /E).
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The experimental curve for & > 250 eV was matched by least squares to the cross sec-
tion caleulated by formula (2) (see figure) 1). This matching, carried out with the aid of
the BESM-4 computer, has made it possible to determine the two parameters that enter in Eq.
(1): Uy =127.5 eV and B = 2x /ia/HAF = b1.25 ev/2, From B we can determine directly
the quantity ae/AF, which characterizes the region of the pseudo-intersection of Ul(r) and
Ue(r). The table lists the values of AF for different values of a.

It is seen from the figure that the experi-

mental and theoretical cross sections disagree at :@ ai?,un. at?Fan. at.Fan. AF/F
energles ESU, ® 225 eV (o = 0.66r,). The 0.5  0.04  0.022 1.05  0.02
observed effect is apparently connected with the 1.0 0.07 0.09 2.1 0.0b4
approach of the pseudo-intersection point to the 1.5 0.11 0.20 3.3 0.06
turning points. So long as E >> Ub, the cross 2.0 0.15 0.36 b.o 0.08
section of the transition is well described by 2.5 0.18 0.56 5.k 0.10

formula (2), and when E aproaches Ub the char-
acter of the pseudo-intersection of the terms begins to exert a stronger influence on the
course of the cross section; a deviation from the calculation of (2) is to be expected beyond

a certain energy.

A theory of non-adiabatic transitions, which takes into account the closeness of the
turning and pseudo-intersection points, was developed in [3] for the case of two intersecting
linear zeroth-approximation terms with constant interaction matrix elements. A direct com-
parison with [3] is difficult, since in [3] they calculated the transition probabilities and
not the cross sections. Nonetheless, rough estimates can be obtained for the parameters of
the theory and for the value of F. For E = E, we have introduced an "averaged" impact para-
meter piv = (l/2)pi and, following [3], we have considered two parameters defining the
transition probability

¢=6AF/20F, b=4ﬂ°\/:‘;/h\/FAF-

where F = (Fi-Fé)l/e, 6§=E-1, - ng/rg, and F; and F, include the centrifugal force.
Using the commection of ¢ and b with £ and Uy» nemely vt o 8B2n-26-l, and the

boundary conditions for the probability (1) introduced in [3] (bge3 = 27), we were able to
calculate €& = 1 and bO = 5.2, corresponding to E = Eb, where & deviation of the two
curves was observed (see the figure). It was shown in [3] that b > 6 and that e ~ 1 is
the energy region below which the transition probability is given not by formula (1), but by
the formulas of [3]. The quantity b depends little on p, so that there are grounds for
assuming that in the case of Cs+ + He the main contribution to the cross section is made by
values of p such that b=~ 5 - 6. The table lists the forces F acting on the particle

1) It was observed in [1] that the form of the cross section for the excitation of the
K II resonant lines produced in the K* + He collision are described satisfactorily by formu-
la (2) if the distance from the threshold is sufficiently large.
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1)

in the region r = LAY for different values of the spacing between the terms 2a ~’, deter-
mined from € and bo; F contains the centrifugal force, which can be readily shown to
amount to 20 - 30% of Fl,2 when E = Eg.

Unfortunately, there are no formulas for the calculation of the cross sections in a
wide range of variation of € and b, making it impossible to compare the experimental curve
with the calculation for E < Eb.

We are sincerely grateful to Professor V. M. Dukel'skii for interest in the work and
A. N. Kozyrev for help with the calculations with the BESM-4 computer.
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Tn the study of the critical scattering of neutrons in nickel [1], we observed flat
maxima at T < TC. With increasing angle of observation, these maxima shift towards higher
temperatures (these maxima were called in [1] scattering of type II). In scattering in iron,
similar maxime were observed by Jacrot [2].

In the present paper we show that these maxima are due to scattering of neutrons by
spin waves.

As is well known [3], in the case of a guadratic dispersion of the spin waves, the scat-
tering of neutrons occurs in a cone with apex angle 260. The angle GO does not depend on the
energy of the incident neutrons and
equals 1/o, where o = 2mA/ﬁ2 (m -

[

-

# ® | neutron mass, A - constant in the
L/ : spin wave dispersion law, E_ = Aq2
= h * >\ 2 . q.
\ \\Lt\ 9] | = A(KO - X)¥). The differential cross

section of single-magnon scattering is

\\\\\‘__,//// ,#’ given in this case by

e ‘ do/ae ~ (95 - 92)’1/2 (1)

rig. 1 We recall also that a quadratic disper-

+ i
1) For comparison, we determined the forces acting in the X + He collision at the
point r = ry, vhere U(rg) = 127.5 eV. We use for the gstimate the potential for the Ar + He

pair [4], which yields F, 9 atomic units (ro = 0.69 A).

[§
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