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the first two states both have strong decays to
the ' Ne 4+ state and the 21.3-MeY state also has
a weak y-decay branch that feeds the ground-state
band. It is possible that the high-spin selectivity
and the enhancement of the 21.3-MeV state at
8&b = 10 and 20' reflect a "Si structure (the in-
elastic channel also exhibits structure" at F.,
= 26.7 MeV). Further experiments are needed to
make definitive spin assignments, and the en-
hanced cross section exhibited at this anomaly
should facilitate studies.
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Two resonances in the photodetachment cross section of H have been studied in a
variable dc electric field by exploiting a relativistic colliding-beam technique. The
Feshbach resonance, at a photon energy of 10.880 eV, splits into two and, possibly, a
smaller third component for field strengths of about 10~ V/cm, disappearing entirely
for fields greater than 2& 105 V/cm. The shape resonance, at a photon energy of 10.98
eV, begins to diminish in amplitude and broaden only for fields above 5x 10~ V/cm.

We have observed the effects of large bary-
centric electric fields on the photodetachment
cross section of H ions in an intense laser beam

in the region of two resonances near 11 eV. Our
unusual experimental method' makes use of the
relativisitic kinematics of the 800-MeV H beam
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at the Clinton P. Anderson Meson Physics Facili-
ty (LAMPF).

Variation of the angle of intersection between
the beam of H ions (P =0.842) and an N, laser
beam (hv =3.678 eV) from 20' to 160' produces a
Doppler-shifted photon energy ranging from 1.4
to 12.2 eV. The photodetached electrons, con-
fined to a 4-mrad cone with a laboratory energy
of 435 keV, are separated from the main H beam
by a weak "collection magnet" some 25 cm down-
stream from the interaction region and are fo-
cused onto a solid-state counter. Their distinct
energy signal in coincidence with the laser flash
identifies them as photodetached.

The near-luminal velocity of the ions simplifies
the task of applying a strong electric field to the
interaction region. A small electromagnet, the
"Stark magnet, " located at the intersection of the
beams, produces a magnetic field of up to 1200
G normal to the plane defined by the bvo beams.
In the rest frame of the ions this field transforms
to 2200 G accompanied by an electric field of
5.6x 10' V/cm. With these fields, the energy of
interaction between the ion and the electric field
is about 100 times that of the interaction with
the magnetic field; the effects observed are there-
fore presumed due to the electric field. The re-
gion of uniform field extends about 1 cm along
the flight path of the ion, centered on the interac-
tion region; laser-excited resonances with widths
in excess of 0.06 meV would spend more than
one half life in the uniform field.

A second magnet gap 4 cm downstream from
the interaction region, sharing the yoke and coils
of the Stark magnet, counters the effect the gap
centered on the interaction region has upon the
trajectories of the photodetached electrons, so
that they .still reach the detector. Further de-
tails of the apparatus are the same as described
in Ref. 1.

The resonances we have studied occur near 11-
eV photon energy. " Figure 1 shows the data
(points with error bars), taken with no applied
field in the interaction region, the theory of
Broad and Reinhardt' (solid line), and their theo-
ry folded with a 10-meV Gaussian resolution func-
tion. The integrated cross section of the Fesh-
bach resonance is taken to be (8 meV)a, ', where
a, is the Bohr radius. Although the zero of the
experimental energy scale is uncertain (+20 meV)
because of uncertainty in the H energy and the
absolute angle, relative energies are quite ac-
curate. Our scale has been shifted to agree with
the theoretical Feshbach energy. 4
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FIG. 1. Comparison of "zero-field" data with the cal-
culated cross sections of Broad and Reinhardt (Ref. 4).
Error bars reflect counting statistics only. The set of
experimental points has been normalized to be fitted by
the theory in the continuum. The zero point on the ex-
perimental energy scale has also been adjusted (slight-
ly) within our experimental uncertainty to match the
theory.

Figures 2(a) and 2(b) show what occurs with the
application of a small field. As the field is raised
from its residual value, 1.2&& 10' V/cm, to 2.2
x10' V/cm, the Feshbach resonance line disap-
pears entirely while the shape resonance is not
visibly affected. In Fig. 3 the behavior of the
Feshbach resonance is followed as the electric
field is raised in small steps to 1.3 x 10' V/cm.
The "zero-field" data, Fig. 3(a), where there
was a small residual field, represent the best
resolution that we have attained so far, 5.5 meV,
full width at half-maximum (FWHM). At 9.2
&& 10~ V/cm, Fig. 3(d), the narrow line is visibly
splitting into two components which become clear-
ly resolved with the next two increments of field.

These data are analyzed by testing the hypothe-
sis that the cross section cr(E) is fitted by three
Gaussian peaks of the same standard deviation,
&, with variable central energy, E&, and ampli-
tudes A, B, and C which lie on a background de-
scribed by at most a second-order polynomial
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in energy; namely,

e(E) =A exp[- (E - E~ + A)2/25~] +B exp[- (E -E~)2/252] +C exp[- (E —E~ —b ) /252] +D + 6 [E—E z j
+a[E E,]',

where 4 is the energy gap between adjacent peaks,
E~ is fixed at 10.975 eV, and E is the barycentric
photon energy.

Table I presents the results of our fitting pro-
gram. The outcome suggests that the small
third component is significant. However, the
most striking result is that the separation of the
major peaks, &, depends linearly upon the elec-

tric field. A quadratic dependence is normally
expected, unless the atomic configurations being
mixed by the field are degenerate in energy.
The energy shift in the linear electric-field ef-
fect is given by E =Keats', where a, is the Bohr
radius, E is the electric field strength, e is the
electronic charge, and K is a dimensionless con-
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FIG. 2. Behavior of the resonance region for large
steps in the applied dc field. Values are given in each
case for the barycentric magnetic and electric fields.

FIG. 8. Behavior of the Feshbach resonance for
small steps in the applied field. Note that the energy
scale is tvrice as large as in Fig. 2.
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TABLE I. Results of fitting three Gaussian line shapes and a background to the data shown in Fig. 3. The Gaussi-
ans are assumed to have the same standard deviation, 6 {in meV), which is essentially the energy resolution; their
amplitudes are A, B, and C (in units of ao ). The field I' is given in units of 10 V/cm. The energy at which peak B
occurs is given by E~ (eV, with errorsof -0.4 meV), with A and C being spaced an energy Q (in meV) below and
above Ii, respectively. The background is assumed linear with terms 6 (in ao ) and G (in ao /ev). In the case of S(d)
a small quadratic term in the energy has also been assumed for which H= (14+BI)ao'/ev'. In case 3(f), the possibly
significant peak 15 meV below B is narrower than our resolution, and a fit, with present constraints, results in an
insignificant {and negative) amplitude. J give the y per degree of freedom. The errors in the parameters corre-
spond to changes which would cause X to increase by 1. We estimate that the systematic errors in the field E may
be as high as 10%.

Case E

3(a)
3(b)
3(c)
8(d)
8(e)
3(f)

0.12
0.49
0.70
0.92
1.10
1.30

0
0.16+ 0.03
0.11+0.08
0.10+ 0.08
0.05 + 0.02

—0.01+ 0.02

1.11+0.02
0.75 + 0.03
0.55 + 0.02
0.54 ~ 0.08
0.48 + 0.02
0.30 + 0.02

0
0.24 + 0.03
0.28+ 0.03
0.28 + 0.08
0.80 + 0.02
0.27+ 0.02

10.9305
10.9304
10.9299
10.9296
10.9288
10.9280

5.5~ 0.4
6.1~0.2
8.1 + 0.3

10.4+ 0.2
12.4 + 0.8

2.83 + 0.04
2.4 + 0.1
2.9 + 0.1
2.6+ 0.2
3.0 + 0.1
3.1 + 0.1

2.4+ 0.3
2,1+0.7
2.9 + 0.7
10+4

4.3+ 0.4
4.7+ 0.1

0.47 + 0.02 2.86
0.42 + 0.03 2.65
0.50 + 0.04 0.87
0.75 + 0.09 1.28
0.64 + 0.02 0.52
0.69 + 0.01 0.68

stant that depends upon the wave functions and is
a measure of their spatial extent. For reference,
E =3 for a well-known simple ca,se, the degen-
erate n =2 states of hydrogen. ' The slope of the
line observed in our data representing energy dif-
ference between the components (&, Table I,
using only the four highest-field cases) versus
field yields a. value of K =20+ 1, confirming the
expectation that the wave function of the resonance
is very large.

In our measurements the laser was unpolar-
ized; the geometry is such that we expect that
the m =0 and the m =+1 states are equally excited.
Thus, although at least one other state of oppo-
site parity is being mixed with the 'P to form the
observed Feshbach multiplet, we cannot distin-
guish between the presence of a '9 and of a'D
from our data. Indeed the Stark multiplet seen
in our data can be interpreted either as a triplet,
which requires the admixture of two other states
of opposite parity, or, ignoring the weak peak A,
a doublet, which requires only one other state.
Data taken with a linearly polarized laser beam
could clarify the picture, since the orientation
could be chosen to excite the m =+ 1 states only
or to excite ma, inly the m=0 state.

Although the splitting between the components
of the multiplet is fitted well be a linear function
of the Stark field I", the energy of the peak B is
fitted well by a quadratic function of F:

Es(meV) = 10930.41+0.95F —2.16E',

where I' is in units of 10' V/cm. One half of the
coefficient of I ' can be interpreted as the differ-
ence between the polarizability of the Feshbach

resonance and the H ground state. The large
value of this coefficient also supports the notion
that the radial wave function of the Feshbach res-
onance is spread over a large region.

Figures 2(c)-2(f) display the behavior of the
shape resonance as the field is increased to large
values. Finally, at 5.5x10' V/cm the shape res-
onance has clearly diminished in area and broad-
ened from 21 to 28 meV. The growth of the er-
rors indicated in the figure is partly due to an ex-
perimental problem encountered with the use of
strong magnetic fields at the interaction point.
The "beam" of forward-going photodetached elec-
trons is apparently defocused by fringe fields to
the extent that the collection magnet cannot bring
all of them to the detector. This effect is correct-
ed by a normalization based on the relative count-
ing rates observed at energies far from any reso-
nance.

Detailed calculations of the electric-field broad-
ening of both of the resonances have been under-
taken for the first time (known to us) by Wendolo-
ski and Reinhardt. ' They predict, in their prelim-
inary exploration of the effect, that the Feshbach
resonance should disappear under the influence
of a small field, just as is observed, and that the
shape resonance should spread from 14 meV at
zero field to 26 meV at 4&& 10' V/cm. These num-
bers are in reasonable agreement with observa-
tion. Further work, both experimental and theo-
retical, is needed to clarify the behavior of this
interesting two-electron system.
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New Photon-Correlation Effects in Near-Resonant Multiphoton Ionization
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It is shown that in near-resonant N-photon ionization, chaotic light can be more effi-
cient than purely coherent light by more than the usual factor of N t (N factorial). This
occurs when the resonant intermediate state interferes with another nearby state. Speci-
fic results are presented for two-photon ionization.

Multiphoton processes depend on the photon
correlation (coherence) properties of the radia-
tion and not simply on the average intensity, as
single-photon processes do. ' ' In short, '" the
yield of nonresonant N-photon processes with cha-
otic (incoherent) radiation is larger by a factor of
N! than with purely coherent (Glauber state) radia-
tion. More generally, the process is proportion-
al to the Nth-order correlation function of the ra-
diation, a result intimately related to the nonres-
onant nature of the process which leads to the
factorization of the field-correlation function
from the atomic parameters. As shown in two
recent theoretical papers, "in the presence of a
resonant intermediate atomic state, this depen-
dence on photon correlations changes considera-
bly. For example, in two-photon ionization via
one intermediate state, all dependence on photon
correlations disappears when the transition from
the initial to the (resonant) intermediate atomic
state is completely saturated, which occurs in
the limit of large field intensities. Well below
saturation, one has the usual factor of 2l between
chaotic and purely coherent radiation. Similar
results are obtained for resonant processes of
higher order. Under saturation conditions the dif-
ference between the effect of chaotic and coherent
light diminishes. Thus the factor ¹~has so far
been considered as the maximum ratio between
chaotic and coherent radiation for multiphoton
transitions into a, continuum.

In this Letter, we report a surprising new re-

suit. We show that under near-resonance condi-
tions, the ratio of the yields for chaotic to that
for purely coherent radiation can be significantly
larger than N! (N factorial). This occurs when a
near-resonant intermediate state interferes with
another nearby state or even with a background
due to more than one distant nonresonant level.

The problem can be formulated in more than
one way. We have chosen the resolvent-operator'
formalism which has been used in a number of
recent papers on resonance processes. Consider
an initial atomic state ~g) and a single-mode pho-
ton state ~n) of frequency ~. The initial state of
the system "atom plus field" is ~I) = ~g)~n). Con-
sider in addition the system states )A = ~a)~n —1)
and 8) =

~
b) ~n —1), where the atomic states

~
a)

and b) are both connected to the state ~g) by a
dipole single-photon transition. Let ~E) =

~ f )~n
—2) be the final state for two-photon ionization,
where the atomic state

~ f), assumed here to be
in the continuum, is connected to both ~a) and ~b)

by a single-photon electric dipole transition. The
energies of the system states are denoted by ~1,
(d„, 40~, and M„and are measured in inverse sec-
onds, as all Hamiltonians have been divided by S.
In terms of atomic and field energies we have ~1
=a&, +n&u, &u„=(u, + (n —1)(u, (us =~,+(n —1)(u, and

~~ = ~t+ (n —2)ru. We shall be interested in pho-
ton frequencies near and around the resonance
frequency ~, = ~, —~,. It is rather straightfor-
ward to write a set of equations governing the
relevant matrix elements of the resolvent opera-


