
LETTERS TO THE E D I TOR
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~EW color center bands in the near infra-red have been
observed in alkali halides irradiated with x-rays from a

beryllium window tube with a tungsten targets and subsequently
irradiated with white light. In agreement with the results of earlier
investigators, the F- and M-bands formed by relatively small
x-ray exposures (10' roentgens/cm') are completely bleached
without appreciable R-band formation. However, after greater
x-ray exposures (10' roentgens/cm') the F- and M-bands are only
partially bleached by irradiation with white light. Under these
conditions there is appreciable R-band formation and, in addition,
new bands are observed in the near infra-red beyond the M-bands.
Additional prolonged irradiation with white light produced
relatively little e6ect on the appearance of the various bands.
Visual examination of the partially bleached specimens showed
that the residual color was located in a thin section at the surface
of the crystal entered by the x-rays. At liquid nitrogen tempera-
tures the various bands narrowed, shif ted to shorter wave-lengths,
and showed additional structure. The various color center bands
are shown in Fig. 1 for KCl after a dosage of 600)&106 roentgens/
cm' and subsequently irradiation with white light, Preliminary
measurements on additively colored crystals of KCl which were
exposed to white light revealed that the new bands are also
present in these crystals. Similar results were obtained for KBr
and NaCl. '

The nature of the new near infra-red bands {"E-bands") and
the factors leading to their formation are being investigated
further. At present, it may be supposed that the E-bands cor-
respond either to electrons trapped at specific clusters of vacancies
in a manner analogous to that suggested by Seitz for the R- and
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Fto. 1. Various color center bands for KCl after a dosage
of 600 )&10~ roentgens/cms,

result proves to be also true for the mica, it may enable us to
investigate the nature of the surface distribution apart from the
bulk distribution, .

A more detailed account of the work to date will be published
later.

~ J. Joly, Proc. Roy. Soc. 4102, 682 (1923).
'-' J. Joly and E. Rutherford, Phil. Mag. 25, 644 (1913).' I.attes, Fowler, and Cuer, Proc. Phys. Soc. (London) 59, 883 {1947).
~ P. M, Hurley (private communication).

M-bands' or to two-dimensional aggregates of E-centers as sug-
gested by Mitchell for the color center bands in the silver halides. '
The inability to bleach the color center bands indicates that the
positive holes formed during irradiation have disused away from
the surface regions of the crystal. A loss of atomic halogen from
the surface of the crystal during x-irradiation is highly probable
and may, in fact, account for part of the decrease in density
observed in KCl on prolonged x-irradiation. ' Regardless of the
exact mechanism for the decrease in density, it is reasonable to
assume that the x-irradiated crystal contains a larger concen-
tration of vacancies than is normally present. Partial bleaching
increases the concentration of negative ion vacancies still further
so that conditions are favorable for the aggregation of vacancies
or F-centers. Measurements are being carried out on the changes
in ionic conductivity and dielectric loss to obtain further informa-
tion about the mechanism of vacancy formation during x-irradi-
ation.

& A Machlett AEG-SOA tube operated at 50 kv and 20 ma was used in
this work.

s A color center band in NaCl corresponding to the X-band was reported
by Molnar in his thesis (M, I.T. 1942).

~ F. Seitz, Rev. Mod. Phys. 18, 348 (1946).
4 J. W. Mitchell, Phil. Mag. 40, 249 (1949). We are grateful to Dr

Mitchell, who pointed out this possibility to us.
~ Estermann, Leivo and Stern, Phys. Rev. 75. 627 (1949).
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YSON' has given a set of simple rules for writing down the
integrals for the matrix elements for transitions in electro-

dynamics. These rules have since been extended to cover the more
general meson-nucleon interactions which may include dif-
ferentials. ~ With the use of his rules Dyson' has proved that the
consistant renormalization of mass and charge will remove all the
divergences from the S-matrix for scattering processes in electro-
dynamics. Dyson starts by proving that there are only four types
of primitive divergents in the theory. One of these —the scattering
of light by light, to be referred to as a "square" part —is then
shown by arguments of gauge invariance to introduce, in fact, no
new divergences. For {pseudo-)scalar meson scalar-interactions
with nucleons the primitive divergents are the same as in electro-
dynamics, but the attempt to obtain a 6nite 5-matrix fails
because genuine divergences arise from square parts. ' In all the
other meson-nucleon interactions the occurrence of extra dif-
ferentials allows for an infinite number of primitive divergents and
Dyson's method appears to fail completely. However, the
{pseudo-) vector meson vector-interactions are peculiar in that the
differentials occur in the commutation relations, not in the inter-
actions. It will be shown below that in the single case of the neutral
vector meson vector-interaction the differentials do not con-
tribute to the matrix elements and a 6nite 8-matrix can be ob-
tained by Dyson's method.

The vector meson 6eld g„(x) with positive definite energy can
be expressed in terms of two subsidiary 6elds, ' a vector field A„(x)
and a scalar 6eld B(x), where

q „(x)=A„(x)+(1/~) (BB/Bx (1)

The wave function satisfies the subsidiary condition

(aA„/ax„+.B)e=o. {2)

The Hamiltonian for the vector-interaction in the interaction
representation is'

II{x)= (1/c)j „(x)(A„(x)+(1/~)8B/8x„)+ {1/2c'~s){j„(x)e„)', (3)

where e„ is the normal to the general space-like surface. The com-
ponents of A„(x) and B(x) commute like independent scalar
fields so that the differentials in the commutation relations of
p„(x) arise from the di8erential of B(x) in the de6nition of p„(x).


