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produced just within the diamagnetic plasma
itself.” Since it has been estimated?® that the
inner edge of the neutral sheet is at 8 earth
radii, we take

— 3_
BO-M/ZVN =30 Y-

The resulting field in the midnight meridian
is plotted in Fig. 2. It is interesting to note
that the field line which reaches out to the in-
ner edge of the neutral sheet at 8 earth radii
is at a latitude of 67° at the surface of the earth.
This boundary thus forms a natural path for
the high-energy electrons observed in the tail
of the magnetosphere to enter the auroral zone.

One final point should be made. In order to
simplify the discussion, considerations of co-
rotation of the magnetosphere were left out.
However, injection of solar-wind plasma will
still take place, with the path of such a parti-
cle in the tail being the vector sum of the drift

path and the corotating path. Therefore, solar
plasma will still enter the tail and dominate
the magnetic field beyond about 8 earth radii.
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A modified Ramsauer?! technique has been
used to observe electron-molecule resonance
cross-section structures in H, and D,. Ener-
gy values of the resonance minima in electron
scattering from H, have been previously given.
Values of the energy and changes in cross sec-
tion at the resonances are reported in this pa-
per for both H, and D,.

The apparatus used for the present measure-
ments is described in detail elsewhere.* For
the present work, the electrons were momen-
tum selected by the 180° magnetic momentum
selector and then collected. The selection re-
gion was also used as the scattering region.

A constant pressure of either H, or D, of be-
tween 0.015 and 0.030 Torr was maintained

in the whole chamber while the electron ener-
gy was varied. The energy was determined
by making retarding-potential measurements
on the transmitted electron beam.* The elec-
tron-beam width at half-height during these
measurements was about 0.1 eV.® The trans-
mitted beam current when plotted versus elec-
tron energy over a small range of energy was

2

1010

found to change because there is a gradual
change in cross section, and also fewer elec-
trons get through the selection system as the
energy is decreased. In order to greatly in-
crease the sensitivity for detection of small
changes in the cross section with energy in
the presence of a large background cross sec-
tion, a diode function generator was used to
buck out this changing background. The result-
ing signal could then be greatly amplified.
Using this technique, the electron energy was
varied between about 1.5 and 15.6 eV in over-
lapping steps of between about 0.5 to 1.5 eV.
Figure 1 shows a plot of the resonance cross-
section decrease in H, versus electron ener-
gies between about 10.7 and 12.9 eV. Eight
minima are observed. Figure 2 shows a plot
similar to Fig. 1, but for D, rather than H,.
Here the resonances are closer together, and
nine minima are observed. The plots actual-
ly represent average values obtained from
many runs. Some of the data were obtained
by bucking out the changing background with
a signal proportional to the accelerating volt-
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FIG. 1. Resonance cross section (decrease) in hy-
drogen versus electron energy using Eq. (2).

age. This clearly demonstrated that the reso-
nances were decreases in cross section. The
absolute magnitude of the decreases in cross
section certainly depend on the instrumental
resolution.®! However, in the present work the
resonance half-width is much broader than the
electron beam half-width and so should not af-
fect the magnitude of the cross-section decrease
to any great extent. There was also structure
observed at the lowest electron energies studied
but the signal-to-noise ratio is too poor for
quantitative measurements at this time.

A comparison between Fig. 1 and Fig. 2 shows
the lower energy resonance cross section at
the minima in H, to be about twice as large as
those in D,, while those for higher electron
energies are about the same.

The transmitted current I(E), which depends
on the electron energy E, may be written

I(E)=IO(E) exp{—[ot(E)+or(E)]nx}, (1)

where I(E) is the initial current leaving the
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FIG. 2. Resonance cross section (decrease) in deute-
rium versus electron energy using Eq. (2).

cathode, 04(E) is the background scattering
cross section, 0,(E) is the change in cross
section at resonance which is small compared
to 0/(E), n is the gas density, and x is the path
length of the electron beam through the gas.

If the gross current variation is subtracted
from Eq. (1), the change in current due to 0,(E)
may be written

SI(E) :{IO(E) exp[-ot(E)nx ]}{—cr(E)nx}, (2)

where it has been assumed that 0,(E)nx « 1.

If the first factor of Eq. (2) is approximated
by the measured current (which should be a
very good approximation in the present case),
Eq. (2) may be used to obtain a good approxi-
mation for 0,(E). Using Eq. (2) as outlined,
the cross-section scale on the figures was ob-
tained. The positions of the cross-section min-
ima are reproducible to about +0.03 eV. The
absolute energy scale is probably good to +0.1
eV. The cross-section changes at resonance
are reproducible to about 1 X107 cm?.

There are a number of electronic levels in
the vicinity of the observed structures.® For
hydrogen, the lowest observed level by elec-
tron impact seems to be the v =2 vibrational
state of the 'Z,* electronic level at 11.5 V.
The next level observed by electron impact
seems to be at 11.8 eV, and is designated by
v=0, 3Zg+ by Massey and Burhop.® The pres-
ently observed cross-section minima spacings
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Table I. Observed position of resonances in H,, and
a comparison between the observed resonance spac-
ings and some vibrational spacings of H,.

Table II. Observed position of resonances in Dy, and
a comparison between the observed resonance spac-
ings and the vibrational spacings of 32g+ and ', of D,.

Observed resonance Vibrational spacings in H,

Observed resonance Vibrational spacing

Cross section 12u+ 3Hu 1ﬂu Cross section 3):g+ 1[Iu
minima energy Spacing B c C minima energy Spacing a
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)
11.14
iggg 0.29 0.164 0.290 0.286 11.37 0.23 0.225 0.206
11.48 0.26 0.159 0.275 0.270 11.58 0.21 0.216 0.198
11.76 0.28 0.155 0.260 0.253 11.80 0.22 0.208 0.191
: 0.28 0.152 0.245 0.236 : 0.20 0.200 0.184
12.04 12.00
0.27 0.148 0.229 0.220 0.17 0.193 0.180
12.31 12.17
0.27 0.146 0.214 0.203 0.17 0.185 0.175
12.58 12.34
12.81 0.23 0.199 0.187 12.53 0.19 0.177 0.171
) : 0, 0.171 0.170
12.71 18 1

in H, are compared with some vibrational spac-
ings for H,,® in Table I.” The spacing between
the minima of the observed structure fits best
to the spacings of the vibrational states of either
the 3T ,* or the °II,, levels. However, it would
almost fit within the experimental error with
the spacings associated with either the 'II,, or
1%t levels. If this series of resonances is
to be associated with the 'Z,* levels, it would
mean either that only every other level is ob-
served or that there is a complicated interfer-
ence effect due to phase differences between
alternate resonances. The spacings of this
series of resonances are probably too large
to be associated with the spacings of the ground
state of H,".> The higher energy resonances
seem to be somewhat broader than the lower
energy ones. The v=0, °lI, is 0.036 eV lower
than the v =0, 3% g+ level." However, the vibra-
tional levels associated with the SHu get closer
together faster than the vibrational levels asso-
ciated with the 32g+. This might account for
the broadening observed as well as the failure
of the resonance spacings to decrease as fast
as the vibrational spacings with electron ener-
gy.®

The observed spacings of the cross-section
minima in D, are compared with some vibration-
al spacings® in D, in Table II.” As is the case
in H,, the spacings of the observed minima
fit either the *Z " or the 'II,, vibrational spac-
ings.

The energy difference of 0.21 eV between
the first minimum in H, and that in D, is at
first surprising. The electronic energy differ-
ence is at most about 0.06 eV for the neutral
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molecules.® Our data showed some indication
of another cross-section minimum at about

0.2 eV below the lowest energy one in Fig. 2.
However, at this time our signal-to-noise ratio
can only place an upper limit of 1 X107!® ¢m?
on its possible existence. We are presently
investigating this point.

The rather large difference between the en-
ergy scale as given for the present H, results
when compared to the energy scale as given
by Kuyatt, Mielczarek, and Simpson? may be
explained on the basis of their choice of the
appearance potential of H,*.° If 15.4 eV is used,
the resonance energies of Kuyatt, Mielczarek,
and Simpson® are in reasonable agreement with
those of the present work in H, with the exper-
imental errors involved.
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This is in disagreement with the spacings found in
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Since the advent of lasers, many types of
multiple-photon absorption processes have been
investigated,'™ principally between bound states
in solids. We report here the results of an ex-
perimental study of two-quantum induced photo-
detachment of electrons from a beam of nega-
tive ions of atomic iodine (I7) in high vacuum.
Because of the simplicitv of the energy level
spectrum of I~ (only one bound state, at —-3.076
eV), it might be expected that rather detailed
comparison of experimental results with theo-
ry should be feasible.

For completeness, we summarize here brief-
ly the theoretical situation. The transition prob-
ability per second for a two-photon absorption
process is given by

Z GIHIny (n\HIf) |2
(Ei +2hv)—(En+h V)

27
sz%-‘

p(E), (1)

where H is the interaction Hamiltonian, p(E)

is the density of final states, and E; and E,

are the energies of 17) and |#). Ge®tman® has
evaluated Eq. (1) for transitions from the sin-
gle bound state of (atomic) halogen negative
ions to the continuum, using the plane-wave
approximation for the free-electron states.

A particularly simple result is obtained in this
approximation, since the only intermediate
state | n) which contributes to the sum in Eq. (1)
is the state !n) =1f). This makes W, propor-
tional to the known single-quantum photodetach-
ment cross section o at twice the laser frequen-
cy. Using the measured® value of 0, Geltman’s
result may be written

W,=6F? with 6=5X107% cm* sec,

where the photon flux F is in photons cm™2
sec™!. For our typical §-pA beam of 500-eV
ions focused through an area 0.1 cm? and crossed
by a 1-J, 20-MW @-switched ruby laser focused
through an area 10™2 cm™2, this value of 6 leads

to an expectation of about 30 double-quantum
photodetached electrons per laser pulse.

We describe here a measurement of the val-
ue of & at hv=1.785 eV, using the apparatus
schematically depicted in Fig. 1.” Iodine neg-
ative ions are generated in a hot cathode arc
discharge operated in ammonia and I, vapor
at 30 u pressure. Negative ions are extracted,
accelerated, mass-analyzed, slowed, and then
focused by an “einzel” lens into an area of about
9 mm?® where they are crossed with the laser
beam. The detached electrons are focused on-
to the first dynode of an electron multiplier.
Some difficulty was experienced with spurious
electrons removed by the laser, perhaps ther-
mally, from the silvered mirror which redi-
rects the laser beam to the laser monitor exter-
nal to the vacuum system. Biasing the interac-
tion region a few volts negative effectively re-
duced collection of these spurious charges.

The residual signal may just be seen in Fig. 2(b),
and was never more than a few electrons. To
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Fig. 1. Schematic diagram of the apparatus. For
clarity the movable phosphor is not illustrated. The
3-in. diameter by 4-in. long optically excellent ruby
was run close to threshold, being @ switched by a
rotating plane mirror.

1013



