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Measuring electron affinities with the photodetachment microscope
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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 0f°0 and*®0 could be measured separately from a natural sample. The experimental values
(obtained as wave numbers, to be multipliedHxyto give energy unitsare 11 784.68220) and 11 784.612
(29 cm™ %, respectively. The measuré®®,,-2P, fine structure of®0~ is 177.08527) cm™*. The observed
discrepancy of the electron affinity of oxygen with the value admitted so far, 11 788)64@ ., is yet
unexplained[S1050-294{@9)12305-9

PACS numbgs): 32.80.Gc, 32.10.Hq, 03.75b, 07.78+s

I. PHOTODETACHMENT MICROSCOPY AND sizes. MeasuringN is just a matter of counting bright and
ELECTRON SPECTROMETRY dark rings.
A rigorous quantitative analysis is made, much more pre-
Photodetachment microscopy, as explained in recent paisely, by fitting the quantum formula for the radial oscilla-
pers[1,2], deals with photodetachment of atomic anions intion of the electron currerfi4] with the experimental data.
the presence of a uniform electric field. It consists of lookingNevertheless the conclusion remains that matching the radial
at the spatial distribution of the electrons that come out théscillation becomes so strong a criterion that any concern
ions around the electric-field axis. The electron spot has afue to the uncertainty on the pixel size can be eliminated.
internal structure, which can be interpreted as an interferendghotodetachment microscopy thus brings a qualitative im-
pattern in the semiclassical approximation. In a rigorougProvement due to its interferometric character when com-
quantum description, the electron pattern appears as th@ared to classical electron spectrometry, even when done by
bound factor of the electron wave function in the detachmenelectric-field photoelectron imagir{®,6].
continuum.
Interference, if we consider it in this way, takes place Il. QUANTITATIVE PHOTODETACHMENT
between two half electron waves, one which escapes from MICROSCOPY AND DOPPLER EFFECT
the ion directly in the downfield direction, and another which ) _ ) )
is emitted in the upfield direction and then undergoes reflec- The interferometric analysis however relies on the theo-
tion by the homogeneous field. The resulting ring pattern cafietical formula that gives the accumulated phase as a func-
be observed, provided théb the initial kinetic energy at  tion of the initial kinetic energy: [7],
which the electron is brought above the detachment thresh-
old is low enough, namely, in the 0.1—-3-chrange;(ii) the A= ﬂ ﬂ 32 1)
electric field correspondingly remains in the?2a0* vV m™1 "3 ngF°
range; and(iii) one uses a high spatial resolution electron
detector{1,2]. with g the elementary charge) the electron mass, arkdthe
In the original proposal to build a photoionization or pho- applied electric field.
todetachment microscof&], one can already find the idea  This formula is, strictly speaking, valid only in the free-
that measuring the pattern radius at a single value of thelectron case, i.e., for the case where the electron can be
energy could be enough to determine the electron energygonsidered as a free one just after it has been detached. De-
hence the ionization or detachment threshold, in contrastiations from this situation could well change the phase vs
with current methods, for instance extrapolation from Ryd-energy function in an appreciable way. The electron energy
berg series, that have to exploit data from a whole energyhat can be obtained by fitting EL) to the experimental O
interval. The radius of the spot increasesed3. interferograms has nevertheless always appeared as a linear
One can also measure the accumulated phiabkeof the  function of the laser energy2]. This has made us confident
interference pattern, which can be calculated semiclassicallghat scattering of the freed electron by the residual atomic
as? ! times the reduced action differen&S between the core can be considered negligible, at least as far as photode-
two extreme trajectories, both of which start parallel to thetachment of light anions like oxygen is concerned, and that
electric field, in opposite directions, and end on the center o€, as it comes from the fitting procedure, is the actual initial
the electron spot. Equivalently, one can measure the numbé&inetic energy of the electron, with the electron affinity of
of rings N=h"*AS. Both A® andN have as®? variation  the atom andv the photon energys =hv—A.
with the energy, which makes them more sensitive to energy Even if the initial kinetic energy of the freed electron
variations than the spot radius. They are also dimensionlessan be determined with a high accuracy, this is of little help
guantities, which means that phase dmeasurements do for determining the electron affinitA=hv—¢ when one
not require an absolute calibration of the electron imagedoes not know the enerdyv of the excitation photon pre-
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cisely. Trouble comes from the fact thiab has to be mea- static force, as soon as they enter the electric-field region.
sured in the ion’s rest frame, which is usually a fast-movingTrouble comes from the fact that the electric field cannot be
one. With a kinetic energy of 500 eV only, our@ons still  made uniform at the very entrance of the interaction cham-
have a velocity/ of about 77 km s* with respect to the light  ber, with a strong dependence on the exact ion beam trans-
source. We endeavor to illuminate the ion beam at righterse position. This drawback prevents us from predicting
angles, in order to bring the Doppler shifting as close to zerqhe exact ion-beam incidence, when it reaches the interaction
as possible, but an uncertainty remains which is related to thgojume, with an accuracy better than 1°.

intersection angle uncertainty by a 0.053 Cideg factor, A high accuracy measurement of the detachment thresh-
much too large to compete with the accuracy of the laspg thys requires some additional information, in order to
measurement of the oxygen electron affinity: 11 784648 ,jiminate the unknown Doppler angle. A double-pass

—1
cm - [8,9]. scheme of the laser onto the ion beam can classically be used

Altern'anvely, the laser an.d ion beams can b.e merged toi'n laser photodetachment threshold measurenjéfislf the
gether, in parallel and antiparallel configurations succes:

sively, which makes the Doppler shift take its extreme vaI-tWO light beams are exactly antiparallel, which is easily

ues, and sets the Doppler broadening to zero at first orde?‘Ch'eV(ad by r_eflectmg the beam in a corner cube, f[h.e photo-
The electron affinity of oxygen was measured using theséietachment signals undergo symmetric Doppler shifting. The

configurations[8]. They are, however, incompatible with two .apparent thresholds can then easily be averaged, in order
photodetachment microscopy, for a small photodetachmeriP Yi€ld a Doppler-free detachment threshold wave number,
volume is needed in order not to blur the electron interfer-2t I€ast to the first order of Doppler corrections. Merging the
ence pattern completely. We thus slightly modified the laserlaser with the ion beam, in the same direction and in opposite
at-right-angles scheme in order to make a double pass podirections successively, may appear as the most elegant tech-
sible. A compromise is achieved, by which electron spotdlique, for Doppler broadening is minimized and Doppler
can still be analyzed as interference patterns and the Doppléprrection can be achieved at all orders by direct geometrical
unknown can be eliminated, as explained below. averaging of the two positively and negatively shifted wave
numbers. However, the identity of the ion-beam velocity
during the two measurements must be guaranteed to a high
precision, in order not to introduce a systematic shift of the
result. The presently admitted experimental value of the elec-

The same highly collimated ion beam of Gs used as tron affinity of oxygen was obtained in the merged-beam
previously[2]. Briefly, O~ ions are produced in a hot cath- configuration[8], but for the geometrical averaging, which
ode discharge source, which is fed with a gaseous mixture ded to a later correctiof9].

Ar (80% and NO (20%). All the negative ions that are Passing a focused light beam forth and back across the ion
produced by the discharge are extracted with a 1200-eV kibeam without refocusing requires reflection to be made
netic energy. A Wien velocity filter makes it possible to se-within one Rayleigh lengthZy from one crossing to the
lect either the most abundant isotop®~, or the heavier other, along the light path. Numbers immediately show that
isotope’®0~. A decelerator brings the Oion kinetic energy it is impossible with as strong a focusing as before, igr
down to 500 eV just before the ion beam enters the interac=19 um gives a Rayleigh lengtdz=1.4 mm only. Another
tion region through a 1.7- or 1.3-mm aperture. beam setting was tried, with a larger focal length focussing

Photodetachment is produced with a sapphire-titanium lalens, which increased the Rayleigh lengthZg=0.47 m.
ser, at a wavelength slightly smaller than the threshold wavethis is about the minimum Rayleigh length that makes it
length,\ =848.33 nm for O. Because the center of the elec- possible to keep a relatively well-focused beam after it has
tron spot on the detector is just the projection of the positiorbeen reflected outside the vacuum chamber. The correspond-
from where the ion was detached in the laser beam, the spérg focal waist is however already so larggy=357um,
tial definition of the electron image cannot be better than thend the spatial resolution consequently so poor, that no elec-
area of the laser and ion-beam intersection, as it appeateon interference pattern could be observed any longer.
when observed in the electric-field direction. This was the Parallel reflection of the laser onto the ion beam was thus
reason why the laser was passed quasiparallel to the electd@bdandoned, the laser beam was refocused onto the ion beam
field, when we just aimed at obtaining the best possible spady an f=200mm concave mirror, according to the sketch
tial resolution for photoelectron imagg2]. Focusing the la-  perspective of Fig. 1. Every intersection of the laser with the
ser in such a configuration actually resulted in a minimumion beam produces an independent electron spot on the de-
area of the interaction region, as seen in the detection dire¢ector. Since the transverse shift the spots undergo due to the
tion. initial ion velocity does not depend on their starting point,

The exact value of the intersection angle between the lathe distance between the electron spots is a direct measure-
ser and ion beam cannot be known very precisely, howevement of the distanc® of the two interaction zones.

The laser, being focused by a 0.27-m lens, has a focal spot The electron pictures produced by the incidéntand

with a waist parameter of about 18n on the ion beam, and reflected(r) beams will be analyzed, as explained below, to
hence a total divergence of 28 mré&tl6°), which makes it give the initial kinetic energyg; or E, (respectively of the
difficult to measure the mean laser beam direction, even amitted electron in the ions’ rest frame. The recoil energy of
far distances, with an accuracy better than 1°. Moreover, thtéhe electron plus atom ensemble due to the momentum of the
ion beam does not exactly follow the horizontal axis of theabsorbed photon is negligible, less than 46m . The re-
experimental chamber. Negative ions undergo an electrazoil energy of the atom with respect to the freed electron, in

Ill. EXPERIMENTAL SETUP FOR DOUBLE-PASS
PHOTODETACHMENT MICROSCOPY
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surement being the distance between the forth and back in-
teraction zones. Uncertainty on this value will of course be
included in the final result.

A symmetric configuration can also be used, in which the
reflected laser beam crosses the ion beam downstream of the
incident laser beam. The Doppler shift is then, on average, a
negative one, and formul@) will simply be replaced by

D Ei+E,
A=y<1—ﬁﬁ>hv— 5 (4)

No confusion can occur practically between the two configu-
rations, for the differenceyB(D/f )hv is too large, of the
order of 0.03 cm?, to remain undetected.

FIG. 1. Perspective drawing of the double-pass experimental
setup, showing how electron sp@&ndS’ become elongated, due IV. PHOTOELECTRON IMAGES AND DATA ANALYSIS

to the shape of the intersection volum@s black) of the laserL . .
with the ion beam, the diameter of which is about 0.6 mm. Dop-  F-igure 2 shows an example of an electron image recorded

pler anglesa and o' are the angles between the mean velocity N the double-crossing configuration. Every spot is the con-
vector of the ions and the propagation directions of the laser, befor¥olution of the ideal ring patterf2] with the transverse sec-
and after reflection, respectively. Since the Doppler shift only detion of the interaction volume. Since here the laser propa-
pends on their cosine, they are always taken as positive anglegates at right angles with the electric field, the convolution is
DistanceD between the interaction zones and between the spots igery anisotropic. Spatial resolution is completely lost in the
positive(negativé in the case of a positivénegative Doppler shift,  light propagation direction, but a modulation of the electron
i.e., an intersection of the ion beam with the reflected laser upstreammurrent remains in the transverse direction, which is enough
(downstreamof the intersection with the incident laser. Angdéf,  to count the rings of the underlying ring pattern or, more
f being the focal length of the mirrd¥l, is exaggerated. rigorously, to fit the data for a precise determination of the
interferogram phase. In order to make the fitting calculation
the center-of-mass frame, can also be neglected, for it is lesgactable, the data are first reduced to a one-dimensional pro-
than 4x 10”° times the electron kinetic energy. For practical file by integrating the photocurrent over every pixel column.
purposes, we may thus consider that all of the excess energylot of time is thus gained, with nearly no loss of informa-
hv— A is transferred to the electron kinetic energy. tion, essentially by getting rid of numerous recalculations of
Now the photon energy has to be estimated in the ionsa slowly converging two-dimensional convolution, and re-
rest frame. With intersection anglesand «’ defined as on  ducing the number of points to be fitted from several thou-
Fig. 1, E; andE, kinetic energies can be expressed as funcsand to less than one hundred.
tions of the laboratory laser frequeneywith the usual rela- Because of the existence of a fine structure, both of the
tivistic parametersg=V/c and y=(1—-8% "2 by E; neutral atom O and of the negative iom Cas represented in
=vy(1—-pBcosa)hv—A and E,=y(1—Bcosa')hv—A, re- Fig. 3, six different fine-structure detachment thresholds can

spectively. be studied, that we label fromto F in the order of increas-
Averaging then yields ing detachment energies. The true detachment threshold, at
848.33 nm, from ground state Qo ground state neutral O is
ata a—a' Ei+E thresholdC. The fine-structure splitting of neutral oxygen is
A=y| 1= pcos——cos—; L @ 50 well known, with energy intervals 0P, to *P; and ®P,

to 3P, equal to 158.268 74 and 68.716 49 ¢thin 10, re-

If « anda’ are defined as positive anglesy€ «')/2 is  spectively{11], that subtracting them from threshdidandF
very nearly zero, which gives a cosine practically equal to 1energies yields an electron affinity measurement as reliable
On the other hand, the three angles of the triangle made bys the direct measurement of threshGldFigure 4 shows a
the two laser—ion-beam intersections and the reflection poirhistogram of the experimental results, with an identification
on the mirror must satisfy the sum rule, heneeHa')/2  of the method used for each of them. No significant deviation
=/2+D/2f. Formula(2) can thus be simplified into appears that would indicate that one method yields a differ-

ent result from another.
E,+E,

hy— > (3)

D
A=y 1+ 85
Y B 2f V. EXPERIMENTAL UNCERTAINTIES

Here again, the rati®/f being always of the order of 16, A. Wave-number measurement

we can estimate that the error due to the approximations Our electron affinity measurements rely on an accurate
made on the sine and cosine values will never exceed measurement of the wave number of the excitation laser.
X 108 times the photon energy, o310 4cm™%, and can  This is done by a lambdameter, i.e., a symmetrical Michel-
be neglected. Formulé) thus provides us with a way to son interferometer, in which the sapphire-titanium wave-
determine the electron affinitg without any absolute mea- length is compared to the reference wavelength of a
surement of the intersection angle, the only required meakh,-saturated absorption stabilized He-Ne laser. Several hyper-
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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 numbers of
electron counts per pixel is given under every image. The continuous line is the result of the fitting process applied to these histograms.

fine components of th&7l, R(127) line can be used, all of for both wavelengths, the desired wavelength in vacuum
which have been measured with an extremely good accuracyould be obtained simply by using the He-Ne wavelength in
We usually lock the reference laser on theomponent, the Vvacuum as the lambdameter input. This would overestimate
wave number of which is 15798.007 18 ch{12]. the IR wavelength vacuum by the ratio of the air indices
The lambdameter computes the unknown laser waven(632.8 nm)h(848.3nm)=1.00000176[13]. The proper

length by multiplying the reference wavelength by the mea- 4-

sured ratio of both wavelengths. But the interferometer is
operated in room atmosphere. If the air index were the same @
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32
ABCDTETF FIG. 4. Histogram of obtained energies for the detachment

threshold of O. Most measurements were done by double-pass
FIG. 3. Fine structure of Oand neutral O, with the definition of photodetachment microscopy at thresh@ldA few measurements
the six “fine-structure detachment thresholds” labeled were also done just above thresholtlandF, the obtained energies
A, B, C, D, E, andF, in the order of increasing transition ener- of which can be corrected by the fine-structure intervals of O to
gies. Fine-structure intervals are magnified with respect to the tranyield another value of threshol@ energy. The obtained average
sition energy, both for the negative ion and the neutral atom, by aalue, before systematic corrections are applied, is 11 784.683
common factor. Energies are measured in tm cm™ ! with a standard deviation of 0.008 ¢rh
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reference wavelength for the lambdameter is thus th&nown with a+0.9% accuracy. This results in a systematic

vacuum wavelength of thgcomponent of thé&®(127) iodine  uncertainty about the electron initial kinetic energy of

line divided by the former ratio, namely 632990.116 pm.=0.6%, for measurements that essentially dealt with energies

The measured wave numbers, such as the set representednithe 0.6—0.8 cm' range. The possible systematic error due

Fig. 4, have been determined using this reference. to an electric-field deviation from the assumed value is thus
The room atmosphere is not, however, standard air. Waithin a =5x10"° cm™* interval.

did not record day-to-day atmospheric pressure fluctuations,

but on average, the Laboratoire Air@®tton being at a C. Image scaling uncertainty

150-m elevation above sea level, tteér index —1) differ- As explained in Sec. I, counting fringes, rather than mak-
ence should be lowered by about 2%. A systematicallying spot size measurements, determines the nominal esergy
higher temperature, in the interferometer with respect to thef the interferogram. But the absolute pixel size plays a role
standard 15 °C condition, results in additional lowering ofin formulas(3) and (4), when the distance between the two
the air density by about 4%. The standard air index ratio i®lectron spots is used to eliminate the first-order Doppler
thus an overestimated value, and we can expect the true |8fect. The pixel size is known with 22% accuracy, which
wavelengths in vacuum to be larger by T0than what the results in an additionat-4x 10~* cm™! uncertainty on the
lambdameter directly tells. The corresponding correction teelectron affinity. The effect is partially compensated for by
be applied to wave numbers will be1.2x10 3cm . A  the fact that the two types of double-pass experiments, either
similar result is obtained by directly computing the respec-With a positive or a negative average Doppler shift, are af-
tive air indices using Edres formula[14]. fected oppositely by a given change of the pixel size. The
The exactness of the wave-number measurement wd8ct that no systematic shift appears, at a1@m™" scale,
tested in a saturated-absorption spectroscopy experiment figtween electron affinities obtained either in the positive, or
Cs vapor. The sapphire-titanium laser was successivelpegative setting of the beam makes us rather confident on the
tuned to eight different—two-level and crossover—hyperfineassumed pixel size of 26m.
components of the Presonance line of3Cs, the wave-
length of which, about 852 nm, is close to the detachment D. Kinetic-energy uncertainty
wavelength of O. Eleven independent measurements of the Finally, the absolute ion velocity also plays a role in for-
Iase_r vv_avelength were perform_ed with t.he _Iambdamgter ulas (3) and (4). A =1% uncertainty on the ion kinetic
Taking |nt.0 gccount Fhe air density .correctlon Just descrlbec([;nnergy results in &0.5% uncertainty in the first-order Dop-
and the air index ratio at the two dlffer_ent wavelengths 848pIer correction. This means anothed 04 cm! uncertainty
and 852 nm, we obtain results that differ from the known " -1 result. That would be 15X 10-3 cm- in col-
wavelengths of the Pline [15] by —0.01 pm on average, linear spectroscopy
with a standard deviation of 0.02 pm. Conditions for this test '
were actually favorable, for on the day of the measurement
the atmospheric pressure in the Orsay area, reduced to sea
level, was actually close to the standard 1013 [F&. A. %0 and 80 electron affinities
q Even if the Cs resonancgjlnejfst shows a wave number . g, result, after the-1.2x 10" 3 cm™! atmospheric
eviation smaller than 10" *cm™, this excellent agree- ion has b taken int 160
ment may partly be due to chance. The test measuremenl%r,essure correction has been taken into accour(130)

= T, ich + ~3cmt
like all wavelength measurements, are obtained by averagirﬁelelnlsé'ggz;i%)nzg]:bat'ﬁl evézlticrzat_e 102f>:h1£ mg:i]mun?ziatisti-
over a series of wavelength outputs, the standard deviation

which sometimes appears to be as large as 0.1 pm, i.e lchall dispersion of a series of measurements. For the heavier
wave-number units. 14103 cm-L We cannot rlile out' tﬁe., Isotope, experiments take a much longer time, so statistics

are  significantly  poorer. We  obtain A(*®0)

possibility that, on certain days, a systematic shift of the™ _ . .
average measurement occurs which is of the same order _f.ll 784.612(29) e’ The isotope shift of the electron af-

1 i 1 H
magnitude. A careful estimate of the possible final error du inity _of oxyge_ng, 891 with respect to O, is then
to wavelength measurements should thus be-2x 102 —0.070(27)x 10" *cm™". Uncertainty appears to be reduced

—1; here because the unknown error made when measuring the
cm - interval. AP .
electric field is the same in both measurements, and can be
eliminated from the error on the affinity difference.

A negative isotope shift is an anomalous one. If one con-

According to formula(1), what photodetachment micros- siders that every electron independently induces nuclear re-
copy measures is only a®¥¥F ratio. Uncertainty on the coil, one expects a “normal mass shift” which is always
electric-field determination will thus produce some system-ositive, from the lighter to the heavier isotope, whatever the
atic uncertainty on the kinetic-energy measurement. The amtomic transitiof 17]. In oxygen, the normal mass shift from
plied voltage that makes the uniform electric field is deter-the 10 to the %0 electron affinity, would be 0.045 cr.
mined with a =0.2% accuracy. The uniformity of the The normal-mass shift has to be corrected by the fact that
resistors that divide this applied voltage, especially in theslectron correlations can either amplify or reduce the nuclear
interaction region, is guaranteed at-8.1% level. The spac- recoil with respect to the independent-electron picture. This
ing between adjacent parallel electrostatic plates, especialig the “specific mass shift,” the calculation of which is much
the spacing of the pair around the interaction region, shoulanore difficult, because it depends on the details of the ap-
obey a +0.6% accuracy. The electric-field value is thus propriate wave functions. Because nuclear volume effects are

VI. RESULTS

B. Electric-field determination
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very small in light atoms or ions, the isotope shift can befine-structure result perfectly agrees with the previously pub-
considered as being just the sum of the normal and specifiished value, the electroA(*°0)= 11 784.682(20) cm' sig-
mass shifts. In this approximation, we have a specific massificantly ~differs from the admitted valueA(*%0)
shift of —0.11527) cm . =11784.648(6) cm' [8,9], even though we endeavored not
We lack theoretical results that would make a quantitativeto overestimate the accuracy of our electron affinity measure-
comparison possible, though the electron affinity of oxygemment.
was the subject of many calculations in recent ydad. This discrepancy can be seen as a serious question about
Hyperfine structures in neutral oxygen were the subject othe experimental technique. We of course checked the proper
high-resolution spectroscopy experimefit§] and of multi-  operation of the magnetic shielding, and found a magnetic
configuration Hartree-FockMCHF) calculations[20]. As  field inside the interaction chamber lower thanu3. The
for isotope shifts, some results obtained by MCHF calculacorresponding cyclotron energy isx30 ®cm . The in-
tions were recently reported in boron and carp@t]. These, crease of the detachment energy that would be due to a Lan-
together with the present electron affinity result, could moti-dau structure of the detachment continuum is thus four or-
vate a specific theoretical investigation of isotope shifts inders of magnitude too small to offer an explanation. The
o finite radius of the initial ion may also induce a shift of the
As concerns experimental data, very few isotope shifts aréletachment threshold with respect to the ideal pointlike
known in negative ions, though studying the specific massource picture, but assuming a 0 14- nm radius and a
shifts can be a way to learn more about the electron correla423-V mi ! field, the shift is—5x 10 *cm* only. No ex-
tions, which are known to play an important role in negativeplanation, in terms of a systematic energy shift, is found
ion stability. In the H-D™ pair, the electron affinity isotope about the present experiment that could explain the electron
shift is 3.2(7) cm 1 [22]. The P resonances that lie below affinity discrepancy found.
the H(n=2) threshold also exhibit a positive isotope shift The electron energy measurement here relies on a tech-
[23]. The detachment threshold isotope shift frdf€l~ to  nique that makes use of the sensitivity of the electron inter-
S7CI™ is positive, 0.0075) cm™ %, but its smallness reveals a ference pattern to the experimental parameters. The initial
negative,—0.017(5) cm™?, specific mass shift24]. In Br~, kinetic energy is only one of these. The possibility cannot be
the 79-81 detachment threshold isotope shift was founéxcluded that the interference state of the outgoing electron
smaller than the 10°-cm™? resolution of the experiment wave depend in a non-negligible way on transverse magnetic
[10]. or electric fields, even when those fields are not strong
enough to produce direct energy shifts. More sophisticated
B. Fine structure of 60~ calculations for nonperfect cases of photodetachment mi-
croscopy, and more experiments, are thus required to check
the robustness of the photoelectron interferogram against
spurious magnetic or electric-field components or electric-
field inhomogeneities. New photodetachment experiments
could also lead to interesting comparisons, if performed on
IS other negative ions, the detachment energies of which have
been determined independently.

In a way similar to what is performed for the “true”
2p,,,—3P, thresholdC, photodetachment microscopy mea-
surements at thresholds, B, and D (Fig. 3) can be put
together to provide us with an experimental value of the
2p,,—3P, transition energy. The result
A(*%0 3P,-1%0" 2P,,,)=11607.597(29) cm'. Subtraction
of this energy from the true electron affinity yields the
2P, ;-2P4), fine structure of thé®0™ negative ion, 177.085
(27) cm™?, which is close to the previously admitted value, ACKNOWLEDGMENTS

177.08(5) cm ! [25], with an error bar reduced by a factor )
of 2. The authors gratefully acknowledge the lending of a
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