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The assumption of adiahaic cessation of the
interaction
e = e(t) = {

e,
e exp a.t,

free particle by the renormalization factors. Thus,
the appearance of the additional singularity (l) in
the Green's function of a particle interacting with
an electromagnetic field is connected only with
the classical properties of the electric current
being produced by the particle in its uniform motion.
In conclusion, I wish to express my deep gratitude to A. A. Ahrikosov and I. 1\1. Khalatnikov for
discussions of this work.

(To--->-co)

allows us to neglect the values of all the integrals
taken at the lower limit. In particular, Eq. (5)
depends only on the lower limit, and hence is
equal to zero. Carrying out the integration with
respect to d'Tand d'T' in Eq. (4) in the indicated
2,
manner, and varying Eq. (4) with respect to
we take the Fourier component of the resulting relation in the momentum region I p 2 - m 2 1 « m 2
which is of interest to us. We find

• Designations are those used in Ref. 3.
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Transformation of Positive Helium Ions
Colliding with Inert Gas Atoms
into Negative Ions

The calculation is most simply carried out in
the system of reference in which the velocity of
the particle v = p/m is equal to zero. Then
80(p)= i 8:

2

{~[O(p)-O(p-k)] [(1- ~~)
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Carrying out the integraion with respect to dw according to the usual rules of contouring3' we find
that the terms sought are obtained by taking a calculation at the point k 2 = 0:
-

I~ studying the processe_s which take place dur-

r

8e2 {
80(p)=,;:;r -' [O(p)-O(p-k)]dlkl\[3-d (0)]·
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•

I kI I

1

•

(7)

(w=+lkl).

The essential logarithmic fe!#on of interaction in
this integral is I p 2 - m 2 1 / m « k « m. The
region of high frequencies leads to renormalization
effects, which, naturally, cannot he correctly taken
into account in this technique. Carrying out the
integration in (7) for low frequencies, we obtain
80 (p) = 0 (p) (

~;) [3- d1(0)]ln (

p 2:

m2

)

or
0 (p) =Go (p) (

m2
2

p -m

)(e'/2rt) [3-d 1 (O)l
2

where G 0 (p) differs from the Green's function of a

mg the passage of He+ IOns through rarefied
gases, we noted that negative ions He- occurred
in the beam after it had p-assed through the gas.
The experiments were carried out in the double
mass spectrometer arrangement described in Ref.
l. A beam of He+ ions of given energy was
separated by the magnetic mass-monochromator,
after which it entered the gas-filled collision
chamber. For a gas pressure of rv 3 x 10- 4 mm Hg
in the chamber, we can k~ the pressure in the
remaining parts of the apparatus at a level < l
x I0- 5 mm Hg. The composition of the beam which
has passed through the ~ollision chamber is investigated by means of a magnetic mass analyzer.
If we admit a beam ofF~+ ions into the collision
chamber and select a suitable intensity of magnetic field in the mass andyzer, we can pass
through it fle + ions which will retain their charge
and their velocity after the passage. On reversing
the direction of the m~netic field in the mass
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analyzer, we discovered the presence of negative
ions in the beam coming from the collision chamber.
These ions passed through the mass analyzer for
the same value of magnetic intensity as did the
I-Te+ ions. It is obvio~s that they were Fe- ions
which had been formed from the He+ ions and
which had kept their velocity.
~~--~-----.----.-----~-,

Dependence of the effective cross section for the conversion process He+-> He- in He, Ne, Ar, Kr on the
energy of the He+ ions.
The formation of the Th- ions was established
for the He+ ion energy interval from 15 to 175 kev
in four inert gases: Kr, Ar, Ne, He. We are convinced that in the case of Kr, Ar and N e the effect
is proportional to the pressure of the gas in the
collision chamber right down to a pressure of 5
x 10-4 mm flg, that is, the process He+-> He- occurred during single collisions of He+ ions with
the atoms of the gas. This shows that in interacting with the atom the He+ ion must have simultaneously taken two electrons from it. In order
to show the magnitude of the observed effect, we
adduce an example. For afil+ ion energy of 80
kev and a pressure of 2.5 x 10- 4 mm Hg of argon
in the collision chamber ( 16 em path length of the
ions in the gas), the current of secondary Heions was equal to 1.4 x 10- 12 amp when the current
of primary He+ ions was equal to 3.3 x 10- 7 amp.
On the basis of the measurements performed, we
carried out an approximate determination of the
effective cross sections for the process He+ ->He-.
In order to do this, it was necessary to know the
transmission coefficient k_ of the mass analyzer
for the secondary ions He-. We measured the
coefficient k+ for the primary ions He+, scattered
in the gas, and used its value in calculating the
effective cross sections for the process He+ -> He-.
In the energy interval which we used, the value of
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k changed only slightly and was equal to 0.4-0.5.
Itwas aiso verified that the angular distribution
of the He- ions was only slightly different from
that of the primary Jle+ ions after going through
the collision chamber.
Our results are given in the figure in the form
of curves showing the dependence of the effective
cross section Q for the conversion process ffe+.... Heon the energy T of the I-T e + ions. The curves for
neon, argon and krypton have a maximum for an
energy of 60-70 kev. As tre atomic number of the
gas atoms decreases, the curves become lower,
keeping the same general shape. For krypton the
magnitude of Q corresponding to the maximum of
the curve is 1.5 xl0- 19 cm 2 • In the case of
helium the conversion effect is very small ( Q of
the order of 10- 21 em 2 ), and hence we were not
able to determine the form of the Q(T) curve.
The formation of negative ions on the collision
of positive ions with gas molecules was first
observed for protons 2 • 3 , and later for oxygen
ions 4 • The He+-> He- process which we have
observed is of special interest in view of the
fact that the very possibility of the formation of
the He- ions is unexpected. As was shown in
Ref. 5, the energy of an He- ion in its normal
state ( 1s 2 2s ) 2 s (similar to the ground state of
the lithium atom) should exceed the energy of the
normal state of a helium atom; hence, such an
ion should not exist. In a recently published
work 6 it was pointed out that a highly excited
state of the negative ion Jle- was possible, which,
if it existed, would have to be metastable (with
respect to the process of auto-ionization) and
possess an average lifetime T of the order of 10- 13
sec. This theoretical result coincides with the
results of Ref. 7, in which an analysis of the
composition of canal rays showed a weak He- line.
On the basis of our experiments we cannot
judge whether the He- ions which we have observed are stable or metastable. The He- ions
travel a path of 70 em in our apparatus; for an
energy of 60 kev the time of flight is 4 x 10- 7 sec.
If the He- ions which we observed were metastable, with T = 10- 3 sec, then the fraction 4
x 10- 4 of them should disintegrate by spontaneous
emission of an electron while going along the path
from the point of collision to the receiver. Such
an insignificant decrease in the number of Heions because of their disintegration in the
apparatus could not be detected in the results of
our experiments, in particular, in the form of the
Q (T) curves which we obtained.
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Concerning a Certain Generalization of a
Renormalization Group

the circumstance shown above regarding the "incomplete renormalization" of the zeroth coupling,
we shall work with the following transformation
group:
G1 _, G2

=

Z2G1;

ei-> e~ =

®1-> ®2

z-1e2.
3
1'

=

Za®>~;

(02-> (02
1
2

=

r1 _, r = z;:-1r
2

z3 (02.1' z1-- z 2'

1;

(l)

This transformation group is a generalization of
the transformation group 1 for the case of an arbitrary longitudinal photon coupling. The significance of these transformations is that the set of
quantiti~s (G 1 , 01 1 , r 1 , e 1 , w 1 ) and (G 2 , 01 2 , r 2 •
e2, w 2 ) can be used in the sameformfor the specification of particles with their mass and charge
eq_~al. to the experimental values.
2. The transformation group obtained above permits one to derive the equations for the Green functions. If we represent the Green functions in the
form
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THE basic goal of the present note is the generalization of the Lie equations for the Green functions for the case of an arbitrary longitudinal
coupling of photons.
l. We shall work with finite Grem functions and
shall assume that all divergences which exist in
the theory have been eliminated by mems of the
subtraction formalism 2 • However, there still remain, even after the elimination of the infinites,
final ambiguities which are ass:>ciaed with the
finite cou~-ter-terms introduced into the Lagrangian
of the same operator which occurs in the elimination of the divergences 2 • In the case where the
<Eroth coupling of the photon contains m admixture
of an arbitrary longitudinal coupling,

the calculation of the introduced counter-terms
introduces a multiplicative renormalization factor
for the transverse part of the photon coupling
hut does not change its longitudinal part. Insofar
IB the introduced finite counter-terms (for the
transverse photon coupling) led to a renormalization of the Green function and of the electron
charge, then, in the present problem, because of

md if we reason as in Ref. l, we obtain with no
difficulty the following functional equations,
d(.x, y, e2 )=d(-t,y, e2)d(x t,y/t,e 2d(-t, y, e2)),

t>O.

(3)

s' (x,y,w2,e2)= s' (xI t, Y It, w 2d-I, e2d ( - t, y, e2))
s' (- 1; t, y It, w 2d- 1, e2d ( - t, y, e2))'

where

Thefirst of these equations agrees with the analogous equation for d in Ref. 2, insofar as the
transverse part of the zeroth coupling.
Differentiating each of the above equations with
respect to x and setting t = -x, we obtain,

:x ln d (x, y, e2)

(4)

=-! [:~ d(l;- ~ ,

e2d(x, y,

e 2))J~=- 1 ,

x<O,

:x ln s' (x, y, w2e2)
=-

__!_
X

[_i_iJ/; s' (~; ' -

L

X

'

w 2d- 1

'

e2d (x, y, e2>)]

~=- 1

•

