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Measuring electron affinities with the photodetachment microscope

Christophe Valli, Christophe Blondel, and Christian Delsart
Laboratoire Aime´-Cotton, CNRS II, Baˆtiment 505, F-91405 Orsay Cedex, France

~Received 8 December 1998!

Photodetachment microscopy, which was originally proposed as a new method for direct measurements of
ionization or detachment energies, has been applied for a determination of the electron affinity of oxygen. The
electron affinities of16O and18O could be measured separately from a natural sample. The experimental values
~obtained as wave numbers, to be multiplied byhc to give energy units! are 11 784.682~20! and 11 784.612
~29! cm21, respectively. The measured2P1/2-2P3/2 fine structure of16O2 is 177.085~27! cm21. The observed
discrepancy of the electron affinity of oxygen with the value admitted so far, 11 784.648~6! cm21, is yet
unexplained.@S1050-2947~99!12305-9#

PACS number~s!: 32.80.Gc, 32.10.Hq, 03.75.2b, 07.78.1s
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I. PHOTODETACHMENT MICROSCOPY AND
ELECTRON SPECTROMETRY

Photodetachment microscopy, as explained in recent
pers @1,2#, deals with photodetachment of atomic anions
the presence of a uniform electric field. It consists of looki
at the spatial distribution of the electrons that come out
ions around the electric-field axis. The electron spot has
internal structure, which can be interpreted as an interfere
pattern in the semiclassical approximation. In a rigoro
quantum description, the electron pattern appears as
bound factor of the electron wave function in the detachm
continuum.

Interference, if we consider it in this way, takes pla
between two half electron waves, one which escapes f
the ion directly in the downfield direction, and another whi
is emitted in the upfield direction and then undergoes refl
tion by the homogeneous field. The resulting ring pattern
be observed, provided that~i! the initial kinetic energy« at
which the electron is brought above the detachment thre
old is low enough, namely, in the 0.1–3-cm21 range;~ii ! the
electric field correspondingly remains in the 102– 104 V m21

range; and~iii ! one uses a high spatial resolution electr
detector@1,2#.

In the original proposal to build a photoionization or ph
todetachment microscope@3#, one can already find the ide
that measuring the pattern radius at a single value of
energy could be enough to determine the electron ene
hence the ionization or detachment threshold, in cont
with current methods, for instance extrapolation from Ry
berg series, that have to exploit data from a whole ene
interval. The radius of the spot increases as«1/2.

One can also measure the accumulated phaseDF of the
interference pattern, which can be calculated semiclassic
as\21 times the reduced action differenceDS between the
two extreme trajectories, both of which start parallel to t
electric field, in opposite directions, and end on the cente
the electron spot. Equivalently, one can measure the num
of rings N5h21DS. Both DF and N have a«3/2 variation
with the energy, which makes them more sensitive to ene
variations than the spot radius. They are also dimension
quantities, which means that phase orN measurements do
not require an absolute calibration of the electron ima
PRA 591050-2947/99/59~5!/3809~7!/$15.00
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sizes. MeasuringN is just a matter of counting bright an
dark rings.

A rigorous quantitative analysis is made, much more p
cisely, by fitting the quantum formula for the radial oscill
tion of the electron current@4# with the experimental data
Nevertheless the conclusion remains that matching the ra
oscillation becomes so strong a criterion that any conc
due to the uncertainty on the pixel size can be eliminat
Photodetachment microscopy thus brings a qualitative
provement due to its interferometric character when co
pared to classical electron spectrometry, even when don
electric-field photoelectron imaging@5,6#.

II. QUANTITATIVE PHOTODETACHMENT
MICROSCOPY AND DOPPLER EFFECT

The interferometric analysis however relies on the th
retical formula that gives the accumulated phase as a fu
tion of the initial kinetic energy« @7#,

DF5
4&

3

Am

\qF
«3/2, ~1!

with q the elementary charge,m the electron mass, andF the
applied electric field.

This formula is, strictly speaking, valid only in the free
electron case, i.e., for the case where the electron can
considered as a free one just after it has been detached
viations from this situation could well change the phase
energy function in an appreciable way. The electron ene
that can be obtained by fitting Eq.~1! to the experimental O2

interferograms has nevertheless always appeared as a l
function of the laser energy@2#. This has made us confiden
that scattering of the freed electron by the residual ato
core can be considered negligible, at least as far as phot
tachment of light anions like oxygen is concerned, and t
«, as it comes from the fitting procedure, is the actual init
kinetic energy of the electron, withA the electron affinity of
the atom andhv the photon energy:«5hn2A.

Even if the initial kinetic energy« of the freed electron
can be determined with a high accuracy, this is of little he
for determining the electron affinityA5hn2« when one
does not know the energyhn of the excitation photon pre
3809 ©1999 The American Physical Society
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3810 PRA 59VALLI, BLONDEL, AND DELSART
cisely. Trouble comes from the fact thathn has to be mea-
sured in the ion’s rest frame, which is usually a fast-mov
one. With a kinetic energy of 500 eV only, our O2 ions still
have a velocityV of about 77 km s21 with respect to the light
source. We endeavor to illuminate the ion beam at ri
angles, in order to bring the Doppler shifting as close to z
as possible, but an uncertainty remains which is related to
intersection angle uncertainty by a 0.053 cm21/deg factor,
much too large to compete with the accuracy of the l
measurement of the oxygen electron affinity: 11 784.648~6!
cm21 @8,9#.

Alternatively, the laser and ion beams can be merged
gether, in parallel and antiparallel configurations succ
sively, which makes the Doppler shift take its extreme v
ues, and sets the Doppler broadening to zero at first or
The electron affinity of oxygen was measured using th
configurations@8#. They are, however, incompatible wit
photodetachment microscopy, for a small photodetachm
volume is needed in order not to blur the electron interf
ence pattern completely. We thus slightly modified the las
at-right-angles scheme in order to make a double pass
sible. A compromise is achieved, by which electron sp
can still be analyzed as interference patterns and the Dop
unknown can be eliminated, as explained below.

III. EXPERIMENTAL SETUP FOR DOUBLE-PASS
PHOTODETACHMENT MICROSCOPY

The same highly collimated ion beam of O2 is used as
previously@2#. Briefly, O2 ions are produced in a hot cath
ode discharge source, which is fed with a gaseous mixtur
Ar ~80%! and N2O ~20%!. All the negative ions that are
produced by the discharge are extracted with a 1200-eV
netic energy. A Wien velocity filter makes it possible to s
lect either the most abundant isotope16O2, or the heavier
isotope18O2. A decelerator brings the O2 ion kinetic energy
down to 500 eV just before the ion beam enters the inte
tion region through a 1.7- or 1.3-mm aperture.

Photodetachment is produced with a sapphire-titanium
ser, at a wavelength slightly smaller than the threshold wa
length,l5848.33 nm for O2. Because the center of the ele
tron spot on the detector is just the projection of the posit
from where the ion was detached in the laser beam, the
tial definition of the electron image cannot be better than
area of the laser and ion-beam intersection, as it app
when observed in the electric-field direction. This was
reason why the laser was passed quasiparallel to the ele
field, when we just aimed at obtaining the best possible s
tial resolution for photoelectron images@2#. Focusing the la-
ser in such a configuration actually resulted in a minim
area of the interaction region, as seen in the detection di
tion.

The exact value of the intersection angle between the
ser and ion beam cannot be known very precisely, howe
The laser, being focused by a 0.27-m lens, has a focal
with a waist parameter of about 19mm on the ion beam, and
hence a total divergence of 28 mrad~1.6°!, which makes it
difficult to measure the mean laser beam direction, eve
far distances, with an accuracy better than 1°. Moreover,
ion beam does not exactly follow the horizontal axis of t
experimental chamber. Negative ions undergo an elec
g
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static force, as soon as they enter the electric-field reg
Trouble comes from the fact that the electric field cannot
made uniform at the very entrance of the interaction cha
ber, with a strong dependence on the exact ion beam tr
verse position. This drawback prevents us from predict
the exact ion-beam incidence, when it reaches the interac
volume, with an accuracy better than 1°.

A high accuracy measurement of the detachment thre
old thus requires some additional information, in order
eliminate the unknown Doppler angle. A double-pa
scheme of the laser onto the ion beam can classically be
in laser photodetachment threshold measurements@10#. If the
two light beams are exactly antiparallel, which is eas
achieved by reflecting the beam in a corner cube, the ph
detachment signals undergo symmetric Doppler shifting. T
two apparent thresholds can then easily be averaged, in o
to yield a Doppler-free detachment threshold wave numb
at least to the first order of Doppler corrections. Merging t
laser with the ion beam, in the same direction and in oppo
directions successively, may appear as the most elegant
nique, for Doppler broadening is minimized and Dopp
correction can be achieved at all orders by direct geometr
averaging of the two positively and negatively shifted wa
numbers. However, the identity of the ion-beam veloc
during the two measurements must be guaranteed to a
precision, in order not to introduce a systematic shift of t
result. The presently admitted experimental value of the e
tron affinity of oxygen was obtained in the merged-bea
configuration@8#, but for the geometrical averaging, whic
led to a later correction@9#.

Passing a focused light beam forth and back across the
beam without refocusing requires reflection to be ma
within one Rayleigh lengthZR from one crossing to the
other, along the light path. Numbers immediately show t
it is impossible with as strong a focusing as before, forw0
>19mm gives a Rayleigh lengthZR>1.4 mm only. Another
beam setting was tried, with a larger focal length focuss
lens, which increased the Rayleigh length toZR>0.47 m.
This is about the minimum Rayleigh length that makes
possible to keep a relatively well-focused beam after it h
been reflected outside the vacuum chamber. The corresp
ing focal waist is however already so large,w0>357mm,
and the spatial resolution consequently so poor, that no e
tron interference pattern could be observed any longer.

Parallel reflection of the laser onto the ion beam was t
abandoned, the laser beam was refocused onto the ion b
by an f 5200 mm concave mirror, according to the sket
perspective of Fig. 1. Every intersection of the laser with
ion beam produces an independent electron spot on the
tector. Since the transverse shift the spots undergo due to
initial ion velocity does not depend on their starting poin
the distance between the electron spots is a direct meas
ment of the distanceD of the two interaction zones.

The electron pictures produced by the incident~i! and
reflected~r! beams will be analyzed, as explained below,
give the initial kinetic energyEi or Er ~respectively! of the
emitted electron in the ions’ rest frame. The recoil energy
the electron plus atom ensemble due to the momentum o
absorbed photon is negligible, less than 1026 cm21. The re-
coil energy of the atom with respect to the freed electron
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PRA 59 3811MEASURING ELECTRON AFFINITIES WITH THE . . .
the center-of-mass frame, can also be neglected, for it is
than 431025 times the electron kinetic energy. For practic
purposes, we may thus consider that all of the excess en
hn2A is transferred to the electron kinetic energy.

Now the photon energy has to be estimated in the io
rest frame. With intersection anglesa anda8 defined as on
Fig. 1, Ei andEr kinetic energies can be expressed as fu
tions of the laboratory laser frequencyn with the usual rela-
tivistic parametersb5V/c and g5(12b2)21/2 by Ei
5g(12b cosa)hn2A and Er5g(12b cosa8)hn2A, re-
spectively.

Averaging then yields

A5gS 12b cos
a1a8

2
cos

a2a8

2 Dhn2
Ei1Er

2
. ~2!

If a and a8 are defined as positive angles, (a2a8)/2 is
very nearly zero, which gives a cosine practically equal to
On the other hand, the three angles of the triangle made
the two laser–ion-beam intersections and the reflection p
on the mirror must satisfy the sum rule, hence (a1a8)/2
5p/21D/2 f . Formula~2! can thus be simplified into

A5gS 11b
D

2 f Dhn2
Ei1Er

2
. ~3!

Here again, the ratioD/ f being always of the order of 1022,
we can estimate that the error due to the approximati
made on the sine and cosine values will never excee
31028 times the photon energy, or 331024 cm21, and can
be neglected. Formula~3! thus provides us with a way to
determine the electron affinityA without any absolute mea
surement of the intersection angle, the only required m

FIG. 1. Perspective drawing of the double-pass experime
setup, showing how electron spotsSandS8 become elongated, du
to the shape of the intersection volumes~in black! of the laserL
with the ion beamI, the diameter of which is about 0.6 mm. Dop
pler anglesa and a8 are the angles between the mean veloc
vector of the ions and the propagation directions of the laser, be
and after reflection, respectively. Since the Doppler shift only
pends on their cosine, they are always taken as positive an
DistanceD between the interaction zones and between the spo
positive~negative! in the case of a positive~negative! Doppler shift,
i.e., an intersection of the ion beam with the reflected laser upstr
~downstream! of the intersection with the incident laser. AngleD/ f ,
f being the focal length of the mirrorM, is exaggerated.
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surement being the distance between the forth and back
teraction zones. Uncertainty on this value will of course
included in the final result.

A symmetric configuration can also be used, in which t
reflected laser beam crosses the ion beam downstream o
incident laser beam. The Doppler shift is then, on averag
negative one, and formula~3! will simply be replaced by

A5gS 12b
D

2 f Dhn2
Ei1Er

2
. ~4!

No confusion can occur practically between the two config
rations, for the differencegb(D/ f )hn is too large, of the
order of 0.03 cm21, to remain undetected.

IV. PHOTOELECTRON IMAGES AND DATA ANALYSIS

Figure 2 shows an example of an electron image recor
in the double-crossing configuration. Every spot is the c
volution of the ideal ring pattern@2# with the transverse sec
tion of the interaction volume. Since here the laser pro
gates at right angles with the electric field, the convolution
very anisotropic. Spatial resolution is completely lost in t
light propagation direction, but a modulation of the electr
current remains in the transverse direction, which is eno
to count the rings of the underlying ring pattern or, mo
rigorously, to fit the data for a precise determination of t
interferogram phase. In order to make the fitting calculat
tractable, the data are first reduced to a one-dimensional
file by integrating the photocurrent over every pixel colum
A lot of time is thus gained, with nearly no loss of informa
tion, essentially by getting rid of numerous recalculations
a slowly converging two-dimensional convolution, and r
ducing the number of points to be fitted from several tho
sand to less than one hundred.

Because of the existence of a fine structure, both of
neutral atom O and of the negative ion O2, as represented in
Fig. 3, six different fine-structure detachment thresholds
be studied, that we label fromA to F in the order of increas-
ing detachment energies. The true detachment threshol
848.33 nm, from ground state O2 to ground state neutral O i
thresholdC. The fine-structure splitting of neutral oxygen
so well known, with energy intervals of3P2 to 3P1 and 3P1
to 3P0 equal to 158.268 74 and 68.716 49 cm21 in 16O, re-
spectively@11#, that subtracting them from thresholdE andF
energies yields an electron affinity measurement as relia
as the direct measurement of thresholdC. Figure 4 shows a
histogram of the experimental results, with an identificati
of the method used for each of them. No significant deviat
appears that would indicate that one method yields a dif
ent result from another.

V. EXPERIMENTAL UNCERTAINTIES

A. Wave-number measurement

Our electron affinity measurements rely on an accur
measurement of the wave number of the excitation la
This is done by a lambdameter, i.e., a symmetrical Mich
son interferometer, in which the sapphire-titanium wav
length is compared to the reference wavelength of
I2-saturated absorption stabilized He-Ne laser. Several hy
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FIG. 2. Example of a pair of electron images in the positive average Doppler shifting case. The histogram of the average nu
electron counts per pixel is given under every image. The continuous line is the result of the fitting process applied to these hist
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fine components of the127I2 R(127) line can be used, all o
which have been measured with an extremely good accur
We usually lock the reference laser on theg component, the
wave number of which is 15 798.007 18 cm21 @12#.

The lambdameter computes the unknown laser wa
length by multiplying the reference wavelength by the m
sured ratio of both wavelengths. But the interferometer
operated in room atmosphere. If the air index were the sa

FIG. 3. Fine structure of O2 and neutral O, with the definition o
the six ‘‘fine-structure detachment thresholds’’ label
A, B, C, D, E, and F, in the order of increasing transition ene
gies. Fine-structure intervals are magnified with respect to the t
sition energy, both for the negative ion and the neutral atom, b
common factor. Energies are measured in cm21.
y.

e-
-
s
e

for both wavelengths, the desired wavelength in vacu
would be obtained simply by using the He-Ne wavelength
vacuum as the lambdameter input. This would overestim
the IR wavelength vacuum by the ratio of the air indic
n(632.8 nm)/n(848.3 nm)>1.000 001 76 @13#. The proper

n-
a

FIG. 4. Histogram of obtained energies for the detachm
threshold of O2. Most measurements were done by double-p
photodetachment microscopy at thresholdC. A few measurements
were also done just above thresholdsE andF, the obtained energies
of which can be corrected by the fine-structure intervals of O
yield another value of thresholdC energy. The obtained averag
value, before systematic corrections are applied, is 11 784.
cm21 with a standard deviation of 0.008 cm21.
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PRA 59 3813MEASURING ELECTRON AFFINITIES WITH THE . . .
reference wavelength for the lambdameter is thus
vacuum wavelength of theg component of theR(127) iodine
line divided by the former ratio, namely 632 990.116 p
The measured wave numbers, such as the set represen
Fig. 4, have been determined using this reference.

The room atmosphere is not, however, standard air.
did not record day-to-day atmospheric pressure fluctuatio
but on average, the Laboratoire Aime´-Cotton being at a
150-m elevation above sea level, the~air index 21! differ-
ence should be lowered by about 2%. A systematica
higher temperature, in the interferometer with respect to
standard 15 °C condition, results in additional lowering
the air density by about 4%. The standard air index ratio
thus an overestimated value, and we can expect the tru
wavelengths in vacuum to be larger by 1027 than what the
lambdameter directly tells. The corresponding correction
be applied to wave numbers will be21.231023 cm21. A
similar result is obtained by directly computing the resp
tive air indices using Edle´n’s formula @14#.

The exactness of the wave-number measurement
tested in a saturated-absorption spectroscopy experime
Cs vapor. The sapphire-titanium laser was successi
tuned to eight different—two-level and crossover—hyperfi
components of the D2 resonance line of133Cs, the wave-
length of which, about 852 nm, is close to the detachm
wavelength of O2. Eleven independent measurements of
laser wavelength were performed with the lambdame
Taking into account the air density correction just describ
and the air index ratio at the two different wavelengths 8
and 852 nm, we obtain results that differ from the know
wavelengths of the D2 line @15# by 20.01 pm on average
with a standard deviation of 0.02 pm. Conditions for this t
were actually favorable, for on the day of the measurem
the atmospheric pressure in the Orsay area, reduced to
level, was actually close to the standard 1013 hPa@16#.

Even if the Cs resonance line test shows a wave num
deviation smaller than 231024 cm21, this excellent agree
ment may partly be due to chance. The test measurem
like all wavelength measurements, are obtained by avera
over a series of wavelength outputs, the standard deviatio
which sometimes appears to be as large as 0.1 pm, i.e
wave-number units, 1.431023 cm21. We cannot rule out the
possibility that, on certain days, a systematic shift of
average measurement occurs which is of the same orde
magnitude. A careful estimate of the possible final error d
to wavelength measurements should thus be a6231023

cm21 interval.

B. Electric-field determination

According to formula~1!, what photodetachment micros
copy measures is only a«3/2/F ratio. Uncertainty on the
electric-field determination will thus produce some syste
atic uncertainty on the kinetic-energy measurement. The
plied voltage that makes the uniform electric field is det
mined with a 60.2% accuracy. The uniformity of th
resistors that divide this applied voltage, especially in
interaction region, is guaranteed at a60.1% level. The spac
ing between adjacent parallel electrostatic plates, espec
the spacing of the pair around the interaction region, sho
obey a 60.6% accuracy. The electric-field value is th
e
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known with a60.9% accuracy. This results in a systema
uncertainty about the electron initial kinetic energy
60.6%, for measurements that essentially dealt with ener
in the 0.6–0.8 cm21 range. The possible systematic error d
to an electric-field deviation from the assumed value is th
within a 6531023 cm21 interval.

C. Image scaling uncertainty

As explained in Sec. I, counting fringes, rather than ma
ing spot size measurements, determines the nominal ene«
of the interferogram. But the absolute pixel size plays a r
in formulas~3! and ~4!, when the distance between the tw
electron spots is used to eliminate the first-order Dopp
effect. The pixel size is known with a62% accuracy, which
results in an additional6431024 cm21 uncertainty on the
electron affinity. The effect is partially compensated for
the fact that the two types of double-pass experiments, ei
with a positive or a negative average Doppler shift, are
fected oppositely by a given change of the pixel size. T
fact that no systematic shift appears, at a 1023 cm21 scale,
between electron affinities obtained either in the positive
negative setting of the beam makes us rather confident on
assumed pixel size of 26mm.

D. Kinetic-energy uncertainty

Finally, the absolute ion velocity also plays a role in fo
mulas ~3! and ~4!. A 61% uncertainty on the ion kinetic
energy results in a60.5% uncertainty in the first-order Dop
pler correction. This means another61024 cm21 uncertainty
on the final result. That would be61531023 cm21 in col-
linear spectroscopy.

VI. RESULTS

A. 16O and 18O electron affinities

The final result, after the21.231023 cm21 atmospheric
pressure correction has been taken into account, isA(16O)
511 784.682(20) cm21, in which 61231023 cm21 has
been set as a conservative estimate of the maximum sta
cal dispersion of a series of measurements. For the hea
isotope, experiments take a much longer time, so statis
are significantly poorer. We obtain A(18O)
511 784.612(29) cm21. The isotope shift of the electron af
finity of oxygen, 18O with respect to 16O, is then
20.070(27)31023 cm21. Uncertainty appears to be reduce
here because the unknown error made when measuring
electric field is the same in both measurements, and ca
eliminated from the error on the affinity difference.

A negative isotope shift is an anomalous one. If one c
siders that every electron independently induces nuclear
coil, one expects a ‘‘normal mass shift’’ which is alway
positive, from the lighter to the heavier isotope, whatever
atomic transition@17#. In oxygen, the normal mass shift from
the 16O to the 18O electron affinity, would be 0.045 cm21.
The normal-mass shift has to be corrected by the fact
electron correlations can either amplify or reduce the nuc
recoil with respect to the independent-electron picture. T
is the ‘‘specific mass shift,’’ the calculation of which is muc
more difficult, because it depends on the details of the
propriate wave functions. Because nuclear volume effects
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3814 PRA 59VALLI, BLONDEL, AND DELSART
very small in light atoms or ions, the isotope shift can
considered as being just the sum of the normal and spe
mass shifts. In this approximation, we have a specific m
shift of 20.115~27! cm21.

We lack theoretical results that would make a quantitat
comparison possible, though the electron affinity of oxyg
was the subject of many calculations in recent years@18#.
Hyperfine structures in neutral oxygen were the subjec
high-resolution spectroscopy experiments@19# and of multi-
configuration Hartree-Fock~MCHF! calculations@20#. As
for isotope shifts, some results obtained by MCHF calcu
tions were recently reported in boron and carbon@21#. These,
together with the present electron affinity result, could mo
vate a specific theoretical investigation of isotope shifts
O2.

As concerns experimental data, very few isotope shifts
known in negative ions, though studying the specific m
shifts can be a way to learn more about the electron corr
tions, which are known to play an important role in negat
ion stability. In the H2-D2 pair, the electron affinity isotope
shift is 3.2~7! cm21 @22#. The 1P0 resonances that lie below
the H(n52) threshold also exhibit a positive isotope sh
@23#. The detachment threshold isotope shift from35Cl2 to
37Cl2 is positive, 0.007~5! cm21, but its smallness reveals
negative,20.017~5! cm21, specific mass shift@24#. In Br2,
the 79–81 detachment threshold isotope shift was fo
smaller than the 1022-cm21 resolution of the experimen
@10#.

B. Fine structure of 16O2

In a way similar to what is performed for the ‘‘true’
2P3/2–

3P2 thresholdC, photodetachment microscopy me
surements at thresholdsA, B, and D ~Fig. 3! can be put
together to provide us with an experimental value of
2P1/2–

3P2 transition energy. The result i
A(16O 3P2–16O2 2P1/2)511 607.597(29) cm21. Subtraction
of this energy from the true electron affinity yields th
2P1/2-

2P3/2 fine structure of the16O2 negative ion, 177.085
~27! cm21, which is close to the previously admitted valu
177.08~5! cm21 @25#, with an error bar reduced by a facto
of 2.

VII. CONCLUSION

Photodetachment microscopy has been applied to the
of O2, in a double-pass configuration that allows us to elim
nate the largest part of the first-order Doppler shift. The el
tron affinities of 16O and 18O have been measured, togeth
with the fine structure of the negative ion16O2. Whereas the
D
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fine-structure result perfectly agrees with the previously p
lished value, the electronA(16O)511 784.682(20) cm21 sig-
nificantly differs from the admitted valueA(16O)
511 784.648(6) cm21 @8,9#, even though we endeavored n
to overestimate the accuracy of our electron affinity measu
ment.

This discrepancy can be seen as a serious question a
the experimental technique. We of course checked the pro
operation of the magnetic shielding, and found a magn
field inside the interaction chamber lower than 3mT. The
corresponding cyclotron energy is 331026 cm21. The in-
crease of the detachment energy that would be due to a
dau structure of the detachment continuum is thus four
ders of magnitude too small to offer an explanation. T
finite radius of the initial ion may also induce a shift of th
detachment threshold with respect to the ideal pointl
source picture, but assuming a 0.14-nm radius and
423-V m21 field, the shift is2531024 cm21 only. No ex-
planation, in terms of a systematic energy shift, is fou
about the present experiment that could explain the elec
affinity discrepancy found.

The electron energy measurement here relies on a t
nique that makes use of the sensitivity of the electron in
ference pattern to the experimental parameters. The in
kinetic energy is only one of these. The possibility cannot
excluded that the interference state of the outgoing elec
wave depend in a non-negligible way on transverse magn
or electric fields, even when those fields are not stro
enough to produce direct energy shifts. More sophistica
calculations for nonperfect cases of photodetachment
croscopy, and more experiments, are thus required to ch
the robustness of the photoelectron interferogram aga
spurious magnetic or electric-field components or elect
field inhomogeneities. New photodetachment experime
could also lead to interesting comparisons, if performed
other negative ions, the detachment energies of which h
been determined independently.
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