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In a beautiful recent experiment Sakagami et al . have recorded, on magnetic tape,
the spatial field distribution produced in laser-plasma interaction. The standard in-
finite-plane theory of magnetic field produced by resonance absorption is unable to ex-
plain their experimental observations. This Letter proposes that finite geometry ef-
fects in resonance absorption produce a new magnetic field contribution which is respon-
sible for their results.

In a beautiful recent experiment, Sakagami
et al. ' have recorded the magnetic fields of laser-
plasma interaction on magnetic recording tape.
The distribution of field which they observe has
the characteristic signature of resonance ab-
sorption. ' That is, the geometry of the magnetic
field is dependent on the p or s polarization of
the light wave, and the effect is maximum at a
finite (nonzero) angle of incidence.

The authors of Ref. 1 invoke the standard the-
ory" of resonance-absorption —produced magne-
tic fields to explain their results. These models,
however, predict a magnetic field symmetry
which is different from what was actually ob-
served. We are particularly concerned with the
alternation in sign of magnetic field on opposite
sides of the target focal spot and the appearance
of a node in between. While such an observation
seems reasonable at normal incidence with a
wide cone-angle focused laser beam, it is very
puzzling with narrow cone-angle beams at large
angles of incidence.

In the model" of magnetic field production by
resonance absorption near the critical layer, the
dc currents and magnetic fields carry the sym-
metry of the angle of incidence. The field direc-
tions become opposite for positive and negative
angles of incidence. Indeed, this has been direct-
ly confirmed in microwave resonant plasma ex-
periments. ' According to this picture, the mag-
netic field should not alternate in sign or have a
node with narrow cone-angle beams at large
angles of incidence. Furthermore, our usual
models predict a narrow' magnetic field region
near the critical layer, whereas Sakagami et al. '
observed magnetic fields well outside the focal
spot. Therefore our standard models do not cor-
respond to the observations of Ref. 1.

In this Letter, we describe a new mechanism
for the generation of magnetic fields in resonance
absorption. Let us remember that in resonance

J„,= v[E+(v/c) xB], (2)

where 0 is the electrical conductivity and v is the
velocity of plasma convection. If we substitute
Eqs. (I) and (2) into Faraday's law, the result is
the usual formula for magnetic field diffusion,
with one additional term:

2
= Vx(vxB) + V'B+-(Vx J,) .
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The magnetic field diffuses out from the region
of fast-electron current at a rate which depends
on the plasma conductivity.

absorption, the incoming electromagnetic waves
are linearly converted to outgoing plasma waves
near the critical layer. ' These, in turn, trans-
fer their energy to an outgoing stream of fast
electrons by Landau damping. In an infinite plane
plasma (as is usually considered in modeling
resonance absorption), the outgoing component
of electron motion does not produce any magnetic
field since the outward current is exactly canceled
by a return current which provides charge neutral-
ity. In finite geometry, however, the return cur-
rent may follow a different path, producing a cur-
rent loop and a finite magnetic field. Therefore,
the mechanism we are proposing depends explic-
itly on finite-geometry effects to introduce an
addtional contribution to the magnetic field gener-
ation.

Let Jo be the current density associated with
the outgoing stream of fa.st electrons. (This uni-
directional stream has actually been directly ob-

servedd

in gas -tar get laser -interaction experi-
ments. 7) If we ignore the displacement current,
Ampere's law may be written

V xB = (4m jc)(J,+J„,),
where J„,is the return current of cold electrons.
J„,is driven by the small self-consistent elec-
tric field which guarantees charge neutrality:
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FIG. 1. The incoming light wave is linearly polarized
in the plane of the page. The resonantly accelerated
electrons and the return currents also tend to be local-
ized in the plane of the page. This results in the mag-
netic field geometry of Ref. l.

Z~ =AIe/k Tf„„ (4)

mhere A is the absorption fraction, I is the laser
intensity per unit area of target surface, k T fast
is the typical fast-electron energy produced by
resonance absorption, and e is the el.ectron
charge. The current density in the focal spot
may be substantial, approaching 10'0 A/cm' in
the focal spot of a 10"-W/cm' laser beam. For
conditions typical of a laser-produced plasma,
the magnetic field buildup will be limited by the
rather high electrical conductivity 0.

The geometry associated with this magnetic
field generation mechanism can be visualized in

Fig. 1. The outgoing stream of resonantly aeeel-

Initially, the return current exactly cancels the
fast-electron stream. With time, the return cur-
rent diffuses away from the outgoing stream and
returns via a different path, causing a net cur-
rent loop and a magnetic field, Realistically,
the current may also return via nearby support
structures and metallic surfaces, ' making an im-
portant contribution to the magnetic field in that
way.

The fast-electron current Jp carries away the
energy from resonance absorption. The outgoing
current density may therefore be estimated from

crated electrons has been directly observed in
gaseous -target laser -interaction experiments. '
In resonance absorption, electrons are acceler-
ated nearly parallel to the plasma density-gradi-
ent vector. Because of surface roughness, cav-
itation, rippling, etc. , this vector mill point in a
mide range of directions. Because of the well-
known angular dependence of resonance absorp-
tion, the electron acceleration is maximum in
the plane of polarization of the laser beam. The
return currents will also tend to flow predomi-
nantly within this plane, producing the field geom-
etry shown in Fig. 1. This geometry has the sym-
metry observed by Sakagami et al. '

Some similar issues have been addressed by
Haven and Rumsby. ' They observe a superposi-
tion of resonance-absorption-produced fields
and a thermoelectrically generated Vn & VT field.
Far from the focal spot, neither contribution,
nor their superposition, can produce the field
geometry observed by Sakagami ef al. '

In conclusion, a consideration of the role played
by finite geometry in resonance absorption leads
to a new mechanism for magnetic field genera-
tion, The return currents which accompany reso-
nant electron acceleration are responsible for the
magnetic fields observed in Ref, 1.
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