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Directed motion of electrons in gases under the action of photon flux
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The phenomenon of directed motion of electrons and ions in gases under the action of ionizing radiation
pressure is investigated. It is shown that for photon energies from the thresholds of atomic photoionization to
several keV the photoionization process is the main mechanism for the transfer of electromagnetic radiation
momentum to an atom. Expressions for the drag currents that appear under the action of ionizing radiation in
atomic gases and their mixtures are obtained. The connection between the drag currents and one of the
nondipole asymmetry parameters is established. Experimental investigation of the drag currents for use in
precision measurement of the asymmetry parameters is discussed, particularly for small photoelectron energies
where it is difficult to apply the traditional experimental schemes to measure the differential cross sections for
photoionization. Nondipole parameters for the Ne 2s, Ne 2p, and Ar 1s subshell photoionization are calcu-
lated and compared with measurements and other calculations. Partial drag currents for the Ne 2s, Ne 2p, and
Ar 1s subshells are also presented.
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I. INTRODUCTION

Light pressure is found in many natural phenomena
plays a particularly important role in two fields of physic
namely, astrophysics and atomic and subatomic fields
astrophysics the existence of light pressure explains m
processes occurring in interstellar media and in stellar at
spheres@1#. On the atomic level the pressure of resonan
radiation effectively acts upon individual atoms forcing the
to move with acceleration many times greater than tha
gravity @2#. Resonance light scattering is the mechanism
light induced drift of atoms in binary gas mixtures@3–5#. In
all these cases, photon scattering either by atomic particle
by unbound protons and electrons is conventionally con
ered to be the main process of momentum transfer to
ticles in rarefied gases. The scattering processes occur
particularly high probability for radiation frequencies clo
to those of discrete atomic transitions. With increase of
diation frequency while going outside the resonance ran
the efficiency of photon scattering processes decrease
several orders of magnitude.

For photon energies higher than the ionization potent
of target atoms, the other mechanism of light pressure
comes more important, namely, the photoionization of
atomic particles in which the photon momentum is tra
ferred to the ion and the electron after absorption. In t
process, as well as in photon scattering, transfer of the p
ton momentum to the electron and the ion takes place. T
insufficiently studied manifestation of electromagnetic rad
tion pressure upon matter in the gas phase plays an ess
role in many natural phenomena. For instance, ongoing
cesses in the atmospheres of some stars are explained
considerable extent, by photon momentum transfer du
atomic photoionization@6–8#. There is no doubt that the rol
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of these processes is great in upper layers of the Ear
atmosphere, where the intensity of the ultraviolet compon
of solar radiation is sufficient to generate considerable flo
of charged particles.

According to conservation laws the photon energy a
momentum cannot be given to a single particle, e.g.,
atom; the presence of a third body is necessary. This rol
the conventional mechanism is played by the quasielastic
scattered photon. In photoionization the role of the th
body is played by the electron emitted after photon abso
tion. In this process the photon momentum is shared betw
the product ion and the ejected photoelectron. The fractio
the momentum given to the photoelectron in the former c
was calculated in the well known Sommerfeld work@9,10#.
These results were used in the calculation of radiation p
sure in stellar atmospheres@6,7#, and have been used i
many subsequent papers. It was shown@11,12# that the di-
rected motion of photoelectrons due to the photon mom
tum generates the macroscopic currents in gases.

When the first papers@11,12# dedicated to this phenom
enon were published, the possibilities of studying und
laboratory conditions the light pressure created in the pho
ionization process were limited. The limitation resulted fro
the low intensity of the ultraviolet radiation sources, fro
x-ray tubes@13–15#. Now, available synchrotrons and sto
age rings provide intense, tunable, and highly polarized x-
beams. Experiments that investigate photoelectron ang
distributions are carried out by many laboratories~see, for
example,@16,17#!. In this context it is reasonable and impo
tant to discuss the problem of ionizing light pressure a
drag currents of electrons by photons not only as a phys
phenomenon, but also as a possible method of preci
measurement of nondipole terms in the differential cross s
tion for the photoeffect; hence the thrust of this paper.
©2001 The American Physical Society12-1
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II. REDISTRIBUTION OF PHOTON MOMENTUM
BETWEEN PHOTOELECTRON AND ION

Let us consider the passing of monochromatic elec
magnetic radiation with frequencyv through an atomic gas
under standard conditions. Suppose that the thermal distr
tion function f (vW T) of the gas atoms is isotropic and norma
ized by the condition* f (vW T)dvW T51. Let us further conside
the photoionization of an atom moving in the gas with
velocity vW T . After a photon is absorbed, its momentum\kW

5nW \v/c is transferred to the center of mass of the electr
ion pair that is formed in the atomic photoionization. As
result, the pair as a whole begins to move in the gas with
velocity vW T1\kW /(M1m). Here m and M are the electron
and ion masses, respectively. In the coordinate system
nected with the center of mass of this pair, the photoelec
and the ion move in opposite directions with velocitiesvW and
VW , such thatmvW 52MVW . The velocities of the electronvW e

and the ionvW i in the gas after the photon absorption a
respectively equal to

vW e5vW T1
\kW

~M1m!
1vW ,

~1!

vW i5vW T1
\kW

~M1m!
2

m

M
vW .

The angular distribution of photoelectrons is determin
by the differential cross section for the photoeffe
dsph(v)/dV. Normalized to unity, the distribution functio
of electrons has the formf(V)5sph

21(v)dsph(v)/dV.

HeredV is the solid angle in which the vectorvW is located
after atomic photoionization andsph(v) is the total cross
section of the photoeffect. Using Eq.~1! we can obtain the
mean values of the projections of the photoelectronpW e and
ion pW i momenta onnW ; they are, respectively,

^pW e•nW &T,V5E f ~vW T!dvW TE f~V!~mvW e•nW !dV

5
m

M1m
\k1

m

sph~v!
E dsph~v!

dV
~vW •nW !dV,

^pW i•nW &T,V5E f ~vW T!dvW TE f~V!~MvW i•nW !dV

5
M

M1m
\k2

m

sph~v!
E dsph~v!

dV
~vW •nW !dV.

~2!

These projections of the momenta are nonzero. Hence
process of atomic photoionization generates electrons
ions moving preferably along or opposite to the photon m
mentum. The sum of the mean electron and ion mome
Eq. ~2!, is equal to the photon momentum for any frequen
as it should be, including that at the photoeffect thresho
rather than zero as implied by Eq.~3! of Ref. @8#. According
05251
-

u-

-

e

n-
n

d
,

he
nd
-
a,
,
,

to Eq. ~2!, the mean momentum acquired by the ion duri
photoionization is the sum of two momenta: that connec
with the motion of the ion-electron pair as a whole and t
momentum due to their relative motion. If the photoelectr
is ejected preferably alongnW , the integrals in Eq.~2! are
positive and the momentum acquired by the ion is less t
the photon momentum. When the photoelectron is emit
preferably opposite to the direction of the photon propa
tion then the ion momentum is greater than\kW .

In multielectron atoms, unlike the hydrogen atom, the
rection of preferred ejection of the photoelectron depends
radiation frequency. Therefore, the light pressure force
to atomic photoionization can change its sign for some p
ton energies, which is impossible in the case of ordinary li
pressure due to photon scattering by an atom. In the la
case the light pressure force is always directed along
Poynting’s vector. In the dipole approximation the mome
tum of the relative motion in the ion-electron pair is equal
zero and for the mean momentum acquired by the ta
atom we have the valuêpW i•nW &T,V'\k. The same momen
tum is transferred to an atom in the process of photon s
tering. Let us compare the forces of light pressure acting
the atomic particle in these two processes. IfW (cm22 s21)
is the density of the photon flux, then these forces are,
spectively, f ph(v)'Wsph(v)\k and f scat(v)
'Wsscat(v)\k, where sscat(v) is the cross section fo
photon scattering. Near the photoionization thresholds
outer atomic subshells typical values ofsph are of the order
of 30aa0

2 and ofsscat are of the order of 10a4a0
2 @18#, where

a is the fine structure constant anda0 is the Bohr radius. The
cross sectionssph(v) and sscat(v) maintain comparable
values to those quoted above up to several hundreds o
photon energies. It is seen from these expressions that
photon energies in the range from outer atomic shell ioni
tion thresholds up to several hundreds of eV, the fo
f ph(v) is several orders of magnitude greater thanf scat(v).
Consequently, in this frequency range the dominant mec
nism of light pressure on matter in the gas phase is ato
photoionization.

III. THE KINETICS OF THE GENERATION OF
ELECTRON-ION PAIRS AND THE DRAG CURRENT IN

ATOMIC GASES

The directed motion of charged particles~photoelectrons
and positive ions! results in the formation of macroscop
currents flowing through a medium along or opposite to
direction of electromagnetic wave propagation. Let us der
the formulas for these currents. Suppose thatna is the den-
sity of the gas atoms. Then the rate of generating electr
ion pairs in a unit volume is equal toWsph(v)na . In the
stationary regime the rate of generating the pairs with
nonisotropic momentum distribution is equal to the rate
transformation of this distribution into the Maxwell one th
is due to the collisions of electrons and ions with the g
atoms. Thus, one has

ne

te~ve!
5

ni

t i~v i !
5Wsph~v!na . ~3!
2-2
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DIRECTED MOTION OF ELECTRONS IN GASES UNDER . . . PHYSICAL REVIEW A 63 052512
Here ne and ni are the mean equilibrium densities of ele
trons and ions with the momentum projections given by E
~2!, and te(ve) and t i(v i) are the relaxation times of th
electrons and ions in the gas, connected to the transport c
sections of these particlessea(ve) and s ia(v i) by the fol-
lowing relations:

te~ve!5@na^vesea~ve!&T#21,
~4!

t i~v i !5@na^v is ia~v i !&T#21.

The currents due to dragging of the electrons and ions
photons are equal to, respectively,

j e~v!52ueune^vW e•nW &T,V ,
~5!

j i~v!5Zueuni^vW i•nW &T,V .

Here e is the electron charge andZ is the charge of the
positive ions created in the atomic photoionization. For
ionization of outer atomic shells when the Auger decay o
vacancy is impossible, the ion charge is equal to unity. In
case of a hole in inner or intermediate atomic shells,
Auger cascade or other mechanism can result in the app
ance of ions with charge greater than unity. The total d
current flowing through the medium along the directionnW is
the sum of the electron and ion currents,

j ~v!5 j e~v!1 j i~v!

5 j 0H @Zt i~v i !2te~ve!#nasph~v!
\k

M1m
2F m

M
Zt i~v i !

1te~ve!GnaE dsph~v!

dV
~vW •nW !dVJ , ~6!

where j 05ueuW. The total drag current given by Eq.~6! can
be represented as a current due to the motion of the cent
mass of the electron-ion pair,

j C~v!5 j 0@Zt i~v i !2te~ve!#nasph~v!
\k

M1m
, ~7!

and a current connected with the relative motion of the fr
ments of this pair,

j R~v!52 j 0F m

M
Zt i~v i !1te~ve!GnaE dsph~v!

dV
~vW •nW !dV.

~8!

Let us compare the contributions of currents Eq.~7! and
Eq. ~8! to the drag currentj (v). According to Eq.~8!, the
drag currentj R(v) is equal to zero in the dipole approxima
tion. The situation becomes different if in calculations of t
angular distribution of the photoelectrons the interference
tween the electric dipole (E1) and electric quadrupole (E2)
photoionization amplitudes is taken into account. In t
case, the integral in Eq.~8! is nonzero and for the outer shel
of atoms its value is of ordervsph(v)ka, wherea is the
radius of the atomic shell@19#. By comparing the currents
05251
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given by Eqs.~7! and ~8! we obtain j R(v)@ j C(v). The
transport cross sections of ion-atom scatterings ia(v i) are
much greater thansea(ve). Hence in Eq.~8! we can neglect
Zt i(v i) as compared withte(ve). Moreover, the relaxation
time te(ve) @Eq. ~4!# can be written in the formte(ve)
>@navesea(ve)#21 for photoelectron velocitiesve that are
greater than the thermal ones. Taking into account th
points, we obtain from Eqs.~4! and~8! the following expres-
sion for the density of the drag current in atomic gas
@11,12#:

j ~v!52 j 0

1

sea~e!
E dsph~v!

dV
cosqdV, ~9!

where e5mv2/2'\v2I nl . Multiplying both sides of Eq.
~9! by the cross section of the photon beamSwe have for the
total drag current through the surfaceS

J~v!52J0

1

sea~e!
E dsph~v!

dV
cosqdV, ~10!

whereJ05ueuWS.
According to Eq.~10! the drag current does not depend

the density of gas atoms. This is connected with the fact
the effective electromotive forcef ph(v)na is proportional to
the concentration of atoms, while the electron mobil
ueute(ve)/m is inversely proportional tona , and according
to Ohm’s law@Eq. ~5!#, the current in the gas is the produ
of these magnitudes. The situation is quite different
atomic gas mixtures. There, the drag current depends
atomic gas densities. Let us consider the photoionization
type A atoms which are in the atmosphere of a buffer gas
type B. Let us suppose that the buffer gas densityna

B is
greater thanna

A . If the frequency of radiation is such that th
photoionization of typeB atoms is impossible (\v,I nl

B ), or
their cross sections are small compared withsph

A (v), then
the rate of generating the photoelectrons, the right side of
~3!, is Wsph

A (v)na
A . Sincena

B@na
A , the relaxation time in

this binary gas mixture is determined by the electron scat
ing by B atoms; thereforete(ve)>@na

Bvesea(ve)#21. Now,
using Eqs.~3!, ~4!, and~8! we obtain the following modified
expression for the drag current in the gas mixture@20#:

J~v!52J0

na
A

na
B

1

sea
B ~e!

E dsph
A ~v!

dV
cosqdV. ~11!

Here dsph
A (v)/dV and sea

B (e) are, respectively, the cros
sections for photoionization ofA atoms and elastic scatterin
of electrons byB atoms.

IV. RELATIONSHIP BETWEEN DRAG CURRENTS AND
NONDIPOLE ASYMMETRY PARAMETERS

According to Eqs.~10! and ~11!, the drag current is de
fined by the angular differential cross section for photoio
ization. In the case of unpolarized radiation it has the fo
@11,12,21#
2-3
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dsph~v!

dV
5

sph~v!

4p F12
b~v!

2
P2~cosq!

1kg~v!P1~cosq!1kh~v!P3~cosq!G ,
~12!

where the coefficients of the Legendre polynomi
Pl(cosq) are functions of the dipole and quadrupole mat
elements and phase shifts of the photoelectron wave fu
tions. For linearly polarized radiation, instead of Eq.~12! we
have@22#

dsph~v!

dV
5

sph~v!

4p
$11b~v!P2~cosQ!1@dC~v!

1gC~v!cos2Q#sinQ cosF%, ~13!

whereQ is the polar angle of the photoelectron velocity wi
respect to the photon polarization vectoreW , and F is the
azimuthal angle defined by the projection ofvW in the plane
perpendicular toeW and containing the photon propagatio
vector kW . The nondipole asymmetry parametersgC(v) and
dC(v) are connected tog(v) andh(v) by the relations

gC

5
1dC5kg and

gC

5
52kh. ~14!

Substituting Eqs.~12! and~13! in Eq. ~10! and integrating
over the solid angle we obtain the following formula for th
drag current:

J~v!52J0

1

3

sph~v!

sea~e!
kg~v!. ~15!

Thus, the drag current is directly connected with one of
nondipole asymmetry parametersg(v) in the expansion of
dsph(v)/dV in terms of the Legendre polynomials@Eq.
~12!#. Therefore, the experimental investigation of the dr
current can be used for precision measurement of this pa
eter. This is very important for small photoelectron energ
where it is difficult to apply the traditional experiment
schemes to measure the differential photoionization cr
section.

V. NONDIPOLE ASYMMETRY PARAMETERS

We first calculate the nondipole asymmetry parame
for some subshells of Ne and Ar atoms, and then use the
obtain the drag currents in these gases. For arbitrary or
angular momentuml of an atomic subshell the nondipo
asymmetry parameters are defined by rather complicated
mulas presented in Refs.@11,12,22#. These formulas simplify
considerably for the atomics subshells. For this casedC

50 and we have a very simple expression@19#,

gC~v!55kg~v!56k
Q2

D1
cos~d22d1!, ~16!
05251
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whered1,2(v) are the phases of photoelectron scattering
the atomic field with a vacancy in thens subshell. DipoleD1
and quadrupoleQ2 matrix elements are determined by th
integrals

D15E Pns~r !rPe,1dr and Q25 1
2 E Pns~r !r 2Pe,2dr.

~17!

Pns(r )/r and Pe,1,2(r )/r are the radial parts of the electro
wave functions of the atomicns subshell and the continuou
spectrum, respectively. For multielectron atoms the o
electron approximation often describes atomic photop
cesses unsatisfactorily . Much more accurate results ca
obtained if the multielectron correlations are taken into
count as is done in the random phase approximation w
exchange~RPAE! @23#. In the RPAE,g(v) is determined by
Eq. ~16! in which the following substitutions are mad
@11,12#:

Q2

D1
cos~d22d1!→$~D18Q281D19Q29!cos~d12d2!

1~D18Q292D19Q28!sin~d12d2!%

3@D18
21D19

2#21, ~18!

whereD18 ,Q28 andD19 ,Q29 are the real and imaginary parts o
the matrix elements, respectively.

The calculations of the dipole and quadrupole matrix e
ments and phase shifts of the photoelectron were perfor
using standard codes@24#. Figure 1 compares our calculate
gC(v) for the 2s subshell of the Ne atom with other result
The calculations of the matrix elements were performed
the so-called length and velocity forms. They had to give
same results not only for precise initial and final state wa
functions, but also in the framework of the RPAE as we
The agreement between the two forms demonstrates the
quality of our calculations. The curves obtained are in go
agreement with the available experimental data@25#. Also
included in Fig. 1 are calculations using the Herma
Skillman potential@22# and those of a recent paper@26#. In
Fig. 2 our calculated linear combination of parametersgC

13dC for the 2p subshell of the Ne atom are present

FIG. 1. Nondipole asymmetry parametergC, as a function of
photon energy, for photoionization out of the 2s subshell of Ne.
2-4
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in both the length and velocity forms. Measurement@25# and
calculation @22,26# results are also included fo
comparison.

The photoionization of the outer atomic subshells, a
rule, has a collective character. However, for the Ne atom
role of multielectron correlations is not important, so th
similar curves are also obtained in the one-electron Hart
Fock approximation. In Fig. 3 our calculated~in the length
form! parametergC(v) for the 1s subshell of the Ar atom is
compared with measurement@16# and calculation@22#. It is
well known that the photoionization of deep atomic shells
accompanied by rearrangement of the residual positive
The rearrangement consists of the variation of the w
functions of all atomic electrons due to the creation of a d
vacancy and its subsequent decay. This leads to chang
the mean field in which the knocked out photoelectr
moves, which affects the probability of electron ejecti
@27#. Therefore, in calculations of the parametergC(v) for
the deep 1s hole we take into account its Auger decay. A

FIG. 2. Nondipole asymmetry parameter 3dC1gC, as a func-
tion of photon energy, for photoionization out of the 2p subshell of
Ne.

FIG. 3. Nondipole asymmetry parametergC, as a function of
photon energy, for photoionization out of the 1s subshell of Ar.
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seen from Fig. 3 our calculated values are in good agreem
with the experimental data@16#.

VI. DRAG CURRENTS

In Figs. 4 and 5 thev dependence of the partial dra
currents in Ne gas are presented. The ratio of the cross
tions sph(v)/sea(e) was calculated for frequenciesv near
the 2s and 2p thresholds of the Ne atom (I 2s
552.51 eV,I 2p523.13 eV). Here the photoionizatio
cross sections obtained in@28,29# were used. The elastic
scattering cross sections for the Ne atom in the energy ra
0–200 eV are taken from@30#. In both figures the nondipole
asymmetry parametersgC(v) for the 2s subshell andkg(v)
for the 2p subshell are represented by open circles; the c
stantsl2s andl2p in these figures are equal to 104 and 0.7
3103, respectively.

As seen from these figures, the qualitative behavior of
v dependence of the asymmetry parameters and partial

FIG. 4. Partial drag current for Ne 2s photoionization.

FIG. 5. Partial drag current for Ne 2p photoionization.
2-5
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currents is similar. In particular, the positions of the zeros
the energy scale for the currentj 2s and the parametergC(v)
coincide. Near the thresholds of photoionization the ra
sph(v)/sea(e) is in most cases a slowly varying function
almost a constant. Therefore, the experimental investiga
of the drag current would permit the frequency depende
gC(v) and g(v) to be reconstructed near the photoioniz
tion thresholds. The measurement of the drag current
method of investigating the nondipole asymmetry param
is particularly effective, provided that the rati
sph(v)/sea(e) varies slowly with the radiation frequency
In cases where this ratio varies rapidly, the frequency dep
dence of thegC(v) parameter can be masked. The nob
gases Ar, Kr, and Xe, owing to the presence of the Ramsa
minimum, provide a good example. In such a case it is c
venient to study the drag effect in mixtures of atomic ga
by choosing the density of the gas under studyna

A and that of
the buffer onena

B so that the photoionization of theA atoms
is accompanied by relaxation due to the elastic scatterin
electrons by theB atoms. In a binary mixture of Ar and H
gases near the ionization threshold of the 1s subshell of Ar
(I 1s53226.19 eV!, the photoionization cross section of H
atoms can be neglected as compared tosph

Ar (v). Therefore,
for na

He@na
Ar we have, according to Eq.~11!,

J~v!52J0

1

15

na
Ar

na
He

sph
Ar ~v!

sea
He~e!

gAr
C ~v!. ~19!

Figure 6 shows the calculated drag current in this mixt
of gases as a function ofv. The cross sectionsea(e) was
taken from @31# and the photoionization cross sectio
sph

Ar (v) near the 1s subshell threshold came from@27,32#.
We note that in this case also the frequency dependenc
gAr

C (v) ~not shown in Fig. 6! is similar to that ofJ(v). This
makes it possible to reconstruct the behavior of the non

FIG. 6. Frequency dependence of the drag current from the
1s subshell.
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pole asymmetry parameter near the threshold of the dees
subshell of the Ar atom from the data on the current. T
absolute value of the drag current density is determined
the photon fluxW. The total flux of synchrotron radiation
reaches the value ofWS'1012 s21. For this photon flux, the
scaling parameter in our formulas isJ051.631027 A. Ac-
cording to Figs. 4–6, the partial drag currents in Ne gas
photon energy\v5100 eV have valuesJ2s50.2310211 A
andJ2p50.5310211 A for the 2s and 2p subshells, respec
tively. The drag current from the 1s subshell of Ar gas has a
maximum absolute valueJ1s51.0310213 A for na

He/na
Ar

510. These currents are readily available for experimen
observation. Free electron lasers have now been develo
that can provide photon fluxes many orders of magnitu
higher than these values. They are therefore suitable
studying drag currents.

The experimental study of drag currents is essentiall
method of direct measurement of one of the nondipole
rameters, namely, the parameterg(v) in the differential
cross section in Eq.~12!. This method is completely differen
from the traditional ones used for measuring the angular
tribution of photoelectrons. In those methods the measu
ment of nondipole parameters is performed by recording
number of photoelectrons ejected at a definite angleq rela-
tive to kW . The differential cross section, Eq.~12!, at this
angle dsph(v,q0);@12bP2(cosq0)/21kgP1(cosq0)
1khP3(cosq0)#dV is defined by the number of electron
emitted within the elementary solid angledV. Consequently,
in this type of experiment one obtains information only on
linear combination of the coefficients in the expansion of
differential cross section in Eq.~12! in terms of the Legendre
polynomials. In contrast, the drag current is defined only
g(v) @Eq. ~15!#; this gives the possibility of directly mea
suring this parameter.

VII. POSSIBLE SCHEME OF THE EXPERIMENT

Let us imagine the following experimental scheme d
signed to observe and study the effect of photoelectron d
ging. The ionizing radiation traverses the atomic gas, pla
between two metallic grids playing the role of electrode
with the help of which the current can be measured. Si
the macroscopic drag currentJ(v) is formed by the pro-
cesses of photoelectron collisions with gas atoms, this
periment could be performed at normal gas densities. Th
contrary to the traditional experimental scheme where
collisions of photoelectrons with the atoms of the target g
are the obstacle for precision measurements of the diffe
tial cross section.

For the elimination from the measured current of the el
trons directly ionized from the grids another experimen
scheme is suggested, similar to that for the measuremen
the Hall effect. Imagine that the electrodes are placed para
to the photon flux. The ionizing gas is placed in a magne
field oriented perpendicular to the photon flux direction a
parallel to the electrode surfaces. Under the action of
field, a Hall currentJWH(v) is created in the gas. The tota
current through the gas target in the magnetic field is giv
by @33#

r
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JWH~v!5
1

11j2H2
JW~v!1

j

11j2H2
@JW~v!3HW #, ~20!

where j5emte /mc, J(v) is the drag current without the
magnetic field given by Eq.~10!, andm is the gas magnetic
permittivity. For the magnetic inductionmH5104 G and the
atomic concentrationna'1019 cm23, the productjH is of
the order of 1022. Under these conditions the current b
tween the electrodes@the second term in Eq.~20!# is about
J'(v)'1022J(v). As mentioned above, in this experime
tal scheme the electrode surfaces are not affected directl
x-ray radiation. Therefore, the problem of taking into a
count the surface photoeffect is eliminated.

VIII. CONCLUSIONS

In this paper we have shown that the photoionization p
cess is the main mechanism of transferring electromagn
radiation momentum to atomic particles in gaseous media
photon energies from the photoionization thresholds up
several hundreds of eV. Also, in the photoionization proce
the photon momentum is absorbed by the ion produced
the ejected electron. The absorption of photons results in
generation of electron-ion pairs, and the directed motion
these charges in media creates macroscopic currents.
redistribution of photon momentum between the photoe
m

e

a-

,

.

n

.

05251
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-

-
tic
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tron and ion has been analyzed. We have also shown tha
mean momenta of the directed motion of these particles
defined by nondipole parameters of the photoeffect. The
ues and directions of these momenta depend on the ato
structure and dynamics of the interaction of the atomic p
ticles with electromagnetic radiation, namely, on the dip
and quadrupole amplitudes, as well as on phase shifts o
photoelectron wave functions. General expressions for
current generated through dragging of electrons by phot
have been derived. The drag currents in Ne gas and a bi
gaseous Ar-He mixture have been calculated. The possib
of using this effect to study nondipole corrections in t
angular distributions of photoelectrons near the photoion
tion threshold has been analyzed.
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