ZSoiJn' << (:a.:,L + ri)/v, we have 1T = l/qﬁv. The autoionization of the N'* ions was observed
at ion velocities v ( 4 - 12) x 10® em/sec, i.e., at energies from ~1 to 10 MeV. For all
these energies 7 = (5.5 % 2) x 1078 gec. Approximately the same value of the lifetime, T =

(4 £ 2) x 108 sec, was obtained for 0*5 (at v = 8 x 108 cm/sec).

In all cases the quantity ML Otia.i/(ai + ri) was of the order of 1%. From this we
get the estimate ai 2 1% for the fraction of the ions which are in autoionized states with the
lifetimes indicated above. When the target thickness is increased from ~2 to 20 ug/em® the
number of such ions remains essentially the same, since A¢i+l
20% (for v = 8 x 10® cm/sec). Practically no such ions were produced in a gas target ~101S

atoms/cm2 thick, placed along the path of the beam in place of the celluloid film.

increases in this case by only

The lifetime of the excited states subject to autoionization decay is usually 10718
10-* sec [k]. However, for negative helium ions He~ and for lithium atoms there are known
metastable autoionization states (lsEs2p)4P5/2 with lifetimes 7 = 10”2 sec for He  ions and

~ 5 x 107° for lithium atoms [5,6]. The metastable autoionization states of the lithium-
like nitrogen and oxygen atoms, observed by us, apparently belong to the same type of states
with maximum possible values of the total angular and spin momenta.

Inasmuch as there should be many more excited states of ions with lower lifetimes than
metastable states with 7 = 107® sec, it follows from the obtained results that immediately
after leaving the solid target an appreciable fraction of the fast multiply-charged ions
loses an electron and its charge increases as a result of autoionization.

The authors are grateful to S. E. Kuprianov and G. A. Askar'yan for a valuable discus-

sion of the results of the present work.
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Several experiments have been recently performed [1-4] on ion-molecular reactions of the
type A + BC - AB + C (A = atom or ion, BC = diatomic molecule or ion), and have cast light on
the energy dependence of the absolute cross sections of these reactions. These experiments
pertain to a relative-motion energy close to 10 eV, for which the theories based on the use of
the intermediate-state concept (see [5-6]) should not be valid. It is therefore advisable to
consider an alternative mechanism for such reactions, based on the model of direct interactions

between the incident particles A and bound particles B and C, without formation of an inter-

o3



mediate state.

We report here the results of theoretical calculations based on the following assump-
tions: (i) the interaction potential V is additive in the reference system of particles 4,
B, and C, i.e., V = VAB(EAB) + VBC(SﬁC) + VAC(BAC)’ (ii) the effective time 1 ~ R/v of the
paired interaction between particle A and particle B or C (R = effective interaction radius
of the particles, v = their relative velocity) is small compared with the period of the mole-

cular oscillations, i.e., TWhe < 1. This requirement is satisfied starting with a relative-

motion energy of several electron volts (if one of the colliding particles is light). The
foregoing conditions allow us to use the impulse approximation for the calculation of these
reactions, on the basis of which the operator T in the matrix element (Yf, T Yi) of the pro-

cess in question (Wi and ¥, are the wave functions of the initial and final states of the sys-

£
tem in the laboratory frame) can be represented in the form T = t

c? where t c is the operator

A A

of elastic scattering of particles A and C.

The cross section d®¢/ded6,. for the production of a bound state AB with energy ¢ and

C

emission of a particle C into a solid-angle element d9 , can be represented (see [7]) in the

C
form of an average over the state ch of the initial molecule BC (in its c.m.s.). For the

direct knock-on process (operator T = t,.) we thus obtain (using a system of units in which

AC
1=1) o
k
g o o 1 "M S ] * -
deapg (®BC’“,¢BC)’ T == = E, _wexp(-iet)FAcexp(1HABt)FACexp(-iHBCt)dt, (1)
1 . "’"’ » v =
where HAB = HAB + K p/pAB + R, HAB and HBC are the Hamiltonians of molecules AB and BC, R

«2/2u, , ® = m (K, - K,)/m, + X, and X, are the momenta of the incident particle A and
gy BT MRl - KoMy T Mg, Xy C € mome € partic

A

responding particles, and EAC is the elastic-scattering amplitude of particles A and C. Cal-

culation based on formula (1) for the case when the molecule BC is in the vibrational ground

the knocked-out atom C, m,, Mgy Moy baps Hper Hpe are the masses and reduced masses of the cor-

state, and the amplitude F, , corresponds to solid-sphere interaction, leads to the following

AC
expression for the total cross section of the process A + B = AB + C:
N f
; + -
o(E,) = =28 | (erfS, - erfSy)de, S;. - =20t Ruz-¢€ (2)
) = ZE_ ’ 7,2
b4

where

2
= U - 2 . . .
Snc nIFACI » B hmAmBmCEA/(mA + mc) (mA + mB), E, = energy of incident particle,

= N

= Y2m_/ } = 2 =<
Ry,2 = (k % k) %mp/em (my + mj, AV =V, (o, + 2F,, . ) + Dy,

b

Di and D_ are the dissociation energies of the molecules BC and AB, and Py is the equilibrium

f

distance in the molecule BC. The symbol { ) denotes averaging over the orientations of the

e

molecules BC, characterized by the angle between the axis of the molecule and the vector kc

If the molecule BC is in a strong excited vibrational state, then formula (1) leads to the

expression

2l



P m,m 5 k w 1
2o A7C 1p C Hpc'BC ), (3)

d@€dB; " Mo e A ‘e |%5 (Hpp - HBC)D=D'I
where
2 > >
p = Jaig (e, = D - Vo (0)), Hip = -Q%A-I; + V,5(p1) +Df+R+-ﬁ—£,
- - kc >
(py = p + 2F,, X, )s Hpo = %/2upq + Vgo(o) + D,
o

is determined from the condition e - € = HAB - Hﬁc, and € is the energy of vibrational

excitation of the molecules BC. If the energy EA is sufficiently large, so that the condition

Hpe
p.- -2 _Rp <p=
£ Ty i Ry < B =yhuypmEie, /up (my 4 m )

is satisfied, then formula (3) is greatly simplified and the total cross section for the re-

action is written in the form

B 5/2
(D, - £ 4B - Ry
8 MaB
o(E, ) = o (4)
A 1572 n CAC = pd/2 .

The quantities Ry » in (2) and (4) are determined from the conservation law
2
k5 K2 (k, ¥ X))
T 2m

B T TE T Em T my T - Q
A 2m, e elmy +omy 1

(Q = heat of reaction).

g cmt
Formulas (1) - (%), obtained on the basis
of the direct knock-on model, describe all the T Ar*+D,
main qualitative features of the reactions in- 4+

vestigated in [1-%], viz., the rapid decrease

of the cross section c(EA) with energy E, for ir
the reactions Ar= + Ho - ArH' + H and Ar* + Do 2L
~ ArD" + D [4] (formula (2); the much slower de-
crease of the cross section c(EA) for the reac- It
tion Ar + D; - AvD' + D [1] (formula 4), attri- . . S~——
0 1 15 20 25 Ep,eV

butable to the presence of a strong vibrational
excitation of the D; ions under the conditions
of [1]; and the larger values of the cross sections for the production of Argt compared with
the cross sections for the production of ArD+ in the reactions Ar + HD+ - ArH+ + D and Ar +
' - ard" + [3], which follows from formula (4). An example of a qualitative comparison
of theory and experiment for the reactions Ar + Dy - ArD' + D [1] and Ar' + Ds - ArD' + D [4]
is shown in the figure. The solid lines represent experiment and the dashed ones theory. The

parameters of the ions ArD, required for the calculation, were taken from [4,8], and Ope =
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The lack of a finished theory of melting does not allow us to predict the course of the
melting curve and to state whether it has a maximum, whether it approaches some temperature
asymptotically, or whether it increases continuously with increasing pressure. This question
can be answered only by experiment. Until recently the melting temperature increased continu-
ously with inereasing pressure in all experiments. Recently, however, a maximum on the melting
curve was observed for several substances [1-6]. Unfortunately, the experiments in which a
maximum was observed on the melting curve were carried out in apparatus with a quasihydrostatic
medium. The presence of the maximum is therefore subject to doubt and can be attributed to the
appearance of a new phase in the solid, a phase that might have been overlooked as a result of
the crude nature of the experiment.

Confirmation of the maximum on the melting curve would be provided by measurement of the
jump of volume along the melting point. On approaching the maximum, the magnitude of the vol-
ume jump should tend to zero, in accord with the Clayperon-Clausius equation. We report below
the results of an experiment on the determination of the volume jump in cesium, for which
Kennedy [1] observed a maximum on the melting curve.

The apparatus in which the present experiments were carried out, together with the pro-
cedure for determining the volume jump, is described in detail in {7]. The experiments were
made in a hydrostatic medium (benzene). The volume jump was determined from the break in the
continuity of the volume-pressure curve. At the instant of melting the volume was measured at
constant pressure, and the magnitude of its change was determined from the deflection of the
pointer of a special device. The temperature and pressure along the melting curve vwere mea-
sured simultaneously with the volume Jjump.

The experimental results are shown in Figs. 1 and 2. The first figure shows the experi-

mental data on the dependence of the volume jump AV on the melting temperature T. The error
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