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The response to external electric fields of the 'P' resonance "dip" in the H photodetachment
continuum cross section below the n =3 hydrogenic excitation threshold is investigated. Using
the relativistic (P=0.806) 650-MeV H beam at the Clinton P. Anderson Meson Physics Facility
(LAMPF) in Los Alamos, the fourth harmonic (266 nm) of a Nd: YAG laser (where YAG denotes
yttrium aluminum garnet) is Doppler shifted to provide a continuously tunable photon beam in

the rest frame of the ions. The magnetic field from pulsed Helmholtz coils, surrounding the
photon-H interaction point provides a Lorentz-transformed barycentric electric field. As the
magnitude of the external field is increased, there is no observed shift in the photon energy to ex-
cite the resonance E„12.650+0.001 eV, until quenching occurs at a field strength of 2.36 MV/cm.
The effective strength of the resonant state is consistent with a linear decrease with increasing
field. The line shape index q is constant within statistical uncertainty, until the resonance disap-

pears. There is evidence that the width of the resonance remains constant at fields below 1.25
MV/cm. It then broadens at higher fields before the resonance quenches.

INTRODUCTION

Although the negative hydrogen ion (H ) is a simple
atomic system, describing its structure even with nonre-
lativistic quantum mechanics is not a trivial exercise.
Experimental data from this three-body Coulomb system
are viewed with great interest since H can be used as a
test bed for checking the validity of theoretical models
in atomic and molecular physics. Observations of its
ionization threshold behavior and resonant structure
have provided stimuli for theoretical investigations of
short-range electron correlation effects and bound states
in the continuum. Risley' provides a comprehensive
historic review of experimental investigations of the H
ion. Current theoretical work especially relevant to this
paper includes, for example, that by Lin, Ho,
Greene, ' and Callaway. '

The H ion has only one state whose energy is below
the first ionization level of the system. "' This is,
strictly speaking, the only bound state of the system.

Most excited states (resonances) of the ion are doubly
excited and autoionizing, that is, the H core of the sys-
tem is excited and an electron is subsequently spontane-
ously ejected leaving atomic hydrogen. A putative P'
(triplet P, even parity) state is the only doubly excited

state that is not autoionizing. ' Resonances can be stud-
ied through electron-hydrogen scattering, ' or by observ-
ing the photodetachment spectrum of H

High-resolution studies of the H ion are performed
at the 800-MeV proton linear accelerator at the Clinton
P. Anderson Meson Physics Facility (LAMPF) at Los
Alamos. Experimental details of this work will be dis-
cussed later.

Experiments at LAMPF have identified the Feshbach
and shape resonances near the hydrogenic n =2 thresh-
old, ' documented the response of these resonances to
moderate and strong external electric fields, ' ' and
identified recursions of the 'I' closed-channel reso-
nances below n =3. ' Reviews of these experiments
have been published by Bryant, Bryant et al. ,

' and
Smith et al. This present work reports observations of
the response of the resonant states near the n = 3 hydro-
genic excitation threshold to external electric fields of
0—2.5 MV/cm.

PREDICTIONS OF RESONANCES NEAR n =3

Gailitis and Damburg ' have proposed that the res-
onances that lie below hydrogenic thresholds above
n =2 exponentially approach the threshold in the fol-
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lowing way:
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where (E, E„—) is the distance in energy of the nth reso-
nance from the threshold. Here, I „ is the energy width
of the nth state, and a is related to /(l +1)+a, con-
structed from coefficients of centrifugal and dipole terms
in close-coupling equations between channels opening
under the n = 3 threshold. The coefficient a is the
strength of the long-range potential V (r )~ —a /2r
The threshold behavior differs depending on the sign of
a ——,'. For a ~ —,', in a.u. , an infinite number of bound
states below threshold are predicted; the number will be
finite if a (—,'. Gailitis tabulated the locations of
the H resonances converging to the hydrogenic n =3
threshold. Herrick, Kellman and Herrick, ' ' Herrick
et al. , Gailitis, and Read have searched for sym-
metries that could predict the positions of resonant
states. Herrick et al. have used a group-theoretical
approach to classify resonant states.

A number of techniques have been used to calculate
energies of the H bound states. Ho and Callaway use
a method of complex-coordinate rotation. Ho used
this method to calculate the locations of the resonances
observed by Hamm et al. ' Agreement for both the lo-
cation and width of the resonances was quite good, as
can be seen in Table I. The complex coordinate method
is reviewed by Ho.

Greene has been able to confirm the experimental
observations of Hamm et al. ' using a combined hyper-
spherical coordinate and semiempirical quantum-defect
theoretical (QDT) approach.

Observations of states near n = 3 were reported earlier
by McGowan, Williams, and Curley, Williams, and
others in the context of e -H scattering. The experi-
mental technique used by Hamm et al. ,

' which is

DOPPLER TUNING

The key to our ability to determine accurately the en-
ergy of the incident photon is the availability at LAMPF
of the high-quality, relativistic H ion beam (i.e., small
angular divergence, narrow momentum spread, and with
particle velocities near the speed of light). With these
ultrafast ions, the relativistic Doppler shift can be ex-
ploited to produce a tunable photon source in the ion's
rest frame.

For a given photon laboratory energy, E~,b, the
photon's energy in the H rest frame is given by

E =E&,by(1+/3cosa) . (2)

Here /3= v /c, where v is the speed of the ion in the labo-
ratory frame, c is the speed of light in a vacuum,
y=(1 —/3 ) ', and a is the intersection angle of the
photon and ion beams, such that a=0 is a head-on col-
lision, as shown in Fig. 1. For an ion beam with a kinet-
ic energy of 650 MeV, a center-of-mass photon-energy
range of 1.523 —14.25 eV can be obtained using the
4.6595-eV photon, the fourth harmonic derived from a
fixed-frequency Nd:YAG laser (where YAG denotes yt-
trium aluminum garnet).

Our knowledge of the center-of-mass photon energy is

essentially the same as is used here, has an energy reso-
lution of 6 meV. To date there has been little theoretical
exploration of the effects of an external electric field on
the bound states between n =2 and 3.

The results presented here are the continuation of the
investigations of the other observations of the resonant
structure in the H photodetachment spectrum near
n =3 reported by Hamm et QI. '

The experimental apparatus used for this present in-
vestigation is that described by Butterfield. ' A brief
description of the experimental method follows.

TABLE I. Comparison of various predicted parameters of the 'P' dip of H below n=3 and the experimental results. The reso-
nance position is shown first, in the author s units then common units of electron volts (eV) to allow comparison. The Ry„
13.605 84(36) eV, electron affinity for H of 0.7542 eV, and the conversion factor of 1 a.u. =27.211608 eV are used to deduce the
resonance energy position, Eo as measured from the H ground state.

Reference Authors Method
Resonance position

Theoretical (eV)
Width Line shape

(eV) index

51
52
53
54
55
56
57
58
59
59

38
39
19

McGowan, Williams,
Williams
Hamm et al.
Present Experiment

Curely

Burke, Ormonde, Wittaker
Oberoi
Chung
Herrick, Sinanoglu
Morgan, McDowell, Callaway
Ho
Lipsky, Anania, Conneely
Calla way
Greene
Ho

6-state close coupling
Feshbach formalism
Feshbach formalism
Group theoretical prediction
12-state close coupling
Complex rotation
Feshbach formalism
18-state close coupling
Hyperspherical coordinates
Complex rotation

e impact
e impact
Photodetachment
Photodetachment

0.8758
0.12491
0.0625

11.923
0.87495
0.12535(1
0.062342
0.874568

—173
0.12542

Experimental
11.89(2)
11.85(6)

0.038312.670
12.652
12.654
12.677
12.6586
12.6585
12.6494
12.6534
12.669
12.6594

Ry
Ry
a.u.
eV
Ry

) Ry
a.u.
Ry
mV
Ry

0.0462
0.0337(2)

0.0325

0.0318

eV 12.64(2)
eV 12.60(6)

12.646(4) 0.0275(8)
12.650(7) 0.0392(2)

—0.81(2)
—0.7(4)
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Coils

Frame

ignore the influence of motional magnetic field on the
ions. The ratio of the coupling energies is estimated by
Bryant et al. to be

E~ /E~ =2/3/ao,

where EI; is the coupling of the ion to the electric field
and Ez is the coupling to the magnetic field. ao is the
fine-structure constant. The ratio is about 200.

CALCULATING THE CROSS SECTION

~ ~

Helmholtz Coils

Center of Mass

The photodetachment cross section can be calculated
using the relation

GR /3sina

IJ(1+/3cosa)

~ ~

Laser Beam (b)

FIG. 1. Colliding H ion and photon beams. {a) Laborato-
ry frame, (b) center-of-mass frame.

G =(3~ rc )/16 . (9)

where R is the rate of photodetachment fragment pro-
duction, I and J are the photon- and ion-number
currents. 6 is a geometric factor that represents the spa-
tial and temporal overlap of the crossed beams. For two
continuous, perfectly overlapping cylinders of the same
radius r,

based upon how well we can determine the intersection
angle, a, of the colliding beams and the velocity, P, of
the ion beam. The photon-energy resolution of the ex-
periment has two principal components, the energy
spread due to the angular uncertainty,

5E sina 6aE 1+Pcosa

and the energy spread due to the ion-beam velocity,

(3)

oE 5p(/3 +pcosa)
E p (1+p cosa)

Note that if a=cos '( —/3) in Eq. (4), the energy un-
certainty due to the spread in the H beam momentum
vanishes. This angle is called the "relativistic Doppler-
free angle. " For a 650-MeV ion beam this angle is ap-
proximately 144'.

CENTER-OF-MASS ELECTRIC AND MAGNETIC FIELDS

Motional barycentric electric fields in the megavolt
per centimeter (MV/cm) range can be attained by fur-
ther exploitation of special relativity. For a laboratory
magnetic field, B', perpendicular to the velocity of ion
beam, U, an electric field orthogonal to both B' and U

will exist with a field strength of

F =ypcB' .

This factor currently can only be estimated for the
present experimental configuration and the cross sections
presented here are therefore only relative.

Enveloping the photon-H interaction region, as
shown in Fig. 1, are a pair of Helmholtz coils (the
"Stark magnet") that provide the laboratory magnetic
field perpendicular to the ion beam and, hence, crossed
magnetic and electric fields in the center of mass. A
pulse of current is sent through the coils that is timed to
coincide with the photon pulse reaching the H interac-
tion region. The timing of the current pulse is adjusted
so that the magnetic field is constant before the beam
pulses arrive and remains constant for a period much
longer than the photon-ion interaction. (The magnet-
pulse duration is 1.8 @sec and the laser pulse duration is
10 nsec. ) Details of the magnet development and opera-
tion are presented by Butterfield' and Krausse and
But terfield.

Any fragments generated in the photodetachment will
be either electrically neutral or positively charged. A
downstream magnet separates H and H+ from the

H
Pulsed

Helmholtz

Lase
Calo

The center-of-mass magnetic field is

B=yB' .

Steel

Encoder

nalyzing Magnet

An ion beam with a P of 0.8062 (Ek;„——650 MeV) will
see a transverse electric field of about 1 MV/cm and a
magnetic field of 5 kG from a laboratory magnetic field
of a modest 3 kG.

The analysis of data from the current experiment will

c intillators

H

FIG. 2. Scattering chamber with associated optics and
detectors.
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negative-ion beam. The deflected particles are detected
by a scintillation counter. The particle trajectories are
shown in Fig. 2.

The YAG laser, mirrors, and scattering chamber are
mounted on an optical bench. The output of the laser
harmonic generator is directed by the mirrors through a
window at the bottom center of the evacuated scattering
chamber and up to the mirrors of a turntable which is
driven by a steel belt connected to a stepping motor.
The angular position of the turntable, a, is digitized by
an optical encoder, as shown in Fig. 2. The encoding
scheme used here has an effective resolution of 18 bits
per 2~ radians, or about 31 mrad.

Laser-beam intensity is sampled by vacuum photo-
diodes positioned on the optical table to pick up scat-
tered light from the mirrors in the beam line. A value
for laser intensity at the interaction point is provided by
a calorimeter inside of the laser-beam catcher on the
turntable in the scattering chamber.

DATA ACQUISITION

We define a run as the sequential measurement of
cross sections at equally spaced preselected laser angle
increments, 100 encoder steps. Data acquisition, turn-
table motor control, and laser and magnet-pulse timing
are controlled by a minicomputer and other associated
electronics. Just as the currents in the beam line mag-
nets have to be adjusted to assure spatial overlap of the
two beams, the control electronics must be set to assure
the temporal overlap of the laser pulse, a 0.25-ns-long
H pulse (micropulse) from the LAMPF linear accelera-
tor, and the Stark magnetic pulse. A photodetachment
spectrum is generated by calculating the cross section at
each laser-ion beam angle and corresponding photon en-
ergy.

As noted above, cross sections measured are relative,
because of spatial and temporal uncertainties. The prob-
lem of synchronizing the arrival of the photons with a
short burst of ions is exacerbated by the 5-ns output ji-
tter of the laser. Typically the timing of the laser trigger
is arranged so that a photon pulse occurs in the center of
a macropulse (a 500-@sec train of micropulses).

The 'P' Feshbach resonance below n =2 was used as
an energy benchmark. Its location has been well estab-
lished in previous experiments, ' and the feature is easily
accessible for measurement. Its energy can be measured
with the same experimental configuration as the nearby
resonances of interest in this work near the hydrogenic
n =3 level. With an ion-beam kinetic energy of 650
MeV, the Feshbach resonance is located about 10' away
from the n =3 threshold angle. Calibration runs near
n =2 are interspersed with the n = 3 runs, assuring simi-
lar observational conditions. The splitting of the Fesh-
bach resonance with increasing external electric fields'
provides a cross check for the Stark-magnetic field
values.

Since a for the Feshbach resonance should be the
same on both sides of the ion beam, the location of this
resonance is also used to determine the encoder reading
for which a=0, a purely geometric exercise. Once the
location is known, the value of P can be calibrated to
place the resonance at the correct absolute angle loca-
tion [Eq. (2)].

The values we obtain for the photon-H cross section
are reliable up to a geometric factor 6 [Eq. (9)]. During
one run, lasting about one hour, conditions are usually
constant. The relative photodetachment cross sections
measured during a run will be internally consistent.
Over the course of a day or two, beam intensities and
positions of both the ion and photon beams often change
sufficiently to yield different relative cross sections at the
same energy. We chose to normalize all spectra so that
the continuum cross section far from the resonance has
the same average value. The weighted average of the
five lowest energy points of a scan with no external elec-
tric field applied is used to compute a normalization fac-
tor for both field and no-field data.

The observed cross sections near n = 3 have been
fitted to a Fano line shape introduced by Fano line shape
introduced by Fano and Cooper and used by Hamm
et al. ' in their analysis of the field-free shape of this 'P'
resonance. The functional form that arises from the
coherent addition of the amplitude of a Breit-Wigner
resonance and constant continuum is

DATA ANALYSIS
(l0)

The experimental energy resolution [Eqs. (3) and (4)]
can be determined from the observed energy width of a
narrow feature in the H spectrum considered to be a 6
function for our purposes. For this current work the
measured width of the 'P' Feshbach resonance just
below the hydrogenic n =2 level was used to determine
the energy resolution for this experiment.

Fitting of the experimental data was done in three
phases.

(I) Calibration of the data to a feature in the H spec-
trum whose energy is known.

(2) Normalization of the measured relative cross sec-
tions to a consistent value.

(3) Fitting the normalized spectra to an assumed func-
tional form.

where e=(E Eo)l(l /2), wi—th I being the full width
at half maximum (FWHM) of the resonance, Fo its
center, a-, the resonant cross section, a & the non-
resonant cross section, and q the line profile index. For
each fitting calculation Eo, I, q, o., and orb were free pa-
rameters. Both the parameter values and standard devi-
ations were calculated in Table II. The fitting algorithm
used is a rigorous least-squares adjustment based upon a
method outlined by Wentworth and Demming.

As a check on the reliability of the fitting method,
simulated data were generated using a known parent
Fano function. These data were analyzed and the fitted
parameters were compared to those of the parent. The
central values of the fitted data were in good agreement
with the chosen functional values.
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Run
E (MV/cm)

TABLE II. Fitted parameters of energy scans (see text).

Eo
std dev

no-field average
0.0

1 [Fig. 4(c)]
1.18

2
2.36

3 [Fig. 4(d)]
2.36

4 [Fig. 4(b)]
0.69

5
0.24

6
2.36

7
0.79

8
1.18

9
1.97

12.6500
0.0010

12.6502
0.0052

12.6203
0.0100

12.6206
0.02666

12.6463
0.0032

12.6457
0.0023

12.5887
0.0284

12.6328
0.0041

12.6365
0.0046

12.6455
0.0162

0.0390
0.0020
0.0581
0.0081
0.0568
0.0221
0.1118
0.0377
0.0357
0.0059
0.0323
0.0054
0.0905
0.0416
0.0444
0.0082
0.0191
0.0095
0.0854
0.0480

—0.7169
0.0372

—0.5807
0.1211

—3.0960
1.5006

—1.3369
0.8607

—0.9809
0.1782

—0.7842
0.1032

—1.9103
0.9750

—0.9231
0.1410

—0.6505
0.2428

—0.4620
0.2116

4.1054
0.2000
2.7747
0.4138
0.1907
0.1880
0.5060
0.8167
2.3206
0.5102
4.6676
0.6601
0.4724
0.7862
3.5910
0.6480
3.2362
1.2949
2.2562
0.7020

4.4770
0.1350
6.5317
0.2884
9.3402
0.1680
7.8701
0.2100
4.9730
0.3074
5.9586
0.5694
8.6113
0.3357
5.0871
0.5058
5.7002
1.2365
6.0556
0.5770

RESULTS

The results of the analysis for scans in the energy re-
gion of the 'P' resonance are presented here. In order
to correct for the energy resolution of the experimental
apparatus, the resolution, determined from Feshbach
resonance measurements, was subtracted in quadrature
from the fitted value of the width (I ). The results of
our energy-resolution study indicated that other fitted
Fano parameters were not significantly sensitive to reso-
lutions of 20 meV or less; no corrections to these param-
eters were calculated.

To evaluate the response of the resonance to an exter-
nal electric field, the effective strength (S,z) of the reso-
nance is also computed,

Sdr ——[cr, l(o, +rrb)] (q +1) .

The effective strength of the resonance near n = 3 with
zero field is 0.34, compared to the value of the shape res-
onance of about 35.' This two-orders-of-magnitude
difference in effective strength makes the n =3 resonance
much more difficult to measure.

THE RESONANCE WITH NO EXTERNAL FIELD

It is instructive to examine first the spectra obtained
with no external electric field. These can be compared
to earlier experimental results. ' The scans in this series
[Fig. 3(c)] extend through 12.83 eV, the measured loca-
tion of the second recursion of the 'P' resonance.

Table III compares the corrected no-field weighted
average of this work with the results of Hamm et al. '

There is a disagreement in the width (I ) obtained in the
two experiments. The researchers in the former experi-
ment did not have access to as well defined an energy
scale as does the present experiment. Cross-section data

from different runs were arbitrarily shifted in energy so
that data points visually lined up; this could have con-
tributed to the significant difference in the value of the
width parameter since it is the most sensitive to small
changes in energy.

EFFECTS OF THE EXTERNAL FIELD

Figure 4 represents measurements taken within a few
minutes of each other, and shows the progression of the
shape of the 'P' resonant structure as the applied exter-
nal electric field is increased. An illustration of the com-
plete quenching of the 'P' resonance in a strong (2.36
Mv/cm) external electric field is shown in Fig. 4(d).
Table II presents the fitted parameters of all of the scans
taken in the energy region of the 'P' resonance with a
different external electric field.

The spectra in Fig. 4 provide a qualitative feel for the
effect of the increasing electric field on the resonance.
By examining the effect of the field on each fitted Fano
parameter, more quantitative knowledge about the be-
havior of the resonance can be gained. Resonance
quenching is illustrated in Fig. 5(c), which shows the
effective strength as a function of external field. The
data have been fitted to a straight line. The electric field
intercept of the linear fit is 2.6 MV/cm, which is prob-
ably an overestimate for the field required for full
quenching. Fits using the highest field data cannot be
relied upon to give consistent results.

A study of the width (I ) data in Fig. 5(b) reveals what
appears to be a plateau in value of I, below the electric
field values of 1 MV/cm. A similar tendency for the res-
onance to narrow before broadening has also been
identified in the behavior of the shape resonance just
above n =2.

The last set of plots, Fig. 6, presents a graphical sum-
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FIG. 3. Four sample resonance spectra in the absence of an external electric field.

mary of the parameters obtained by fitting a selection of
no-field scans. The ordinate for each of the charts is an
arbitrary run number, chosen so that the data points are
evenly spaced vertically. Each datum is displayed as a
central value plus a horizontal "error bar" indicating the
standard deviation for the fit. A Gaussian probability
function for each parameter has been calculated. The
area of the Gaussian for each fitted parameter is 1/o. .
Using a weight of 1/0 instead of 1/cr, as one does to
compute a weighted average, tends to emphasize sys-
tematic errors over statistical ones. For totally con-
sistent experimental data the resulting plot, an "ideo-
gram, " should be a symmetric curve with a single peak.
An ideogram is superimposed on each graph in Fig. 6.
The weighted averages of these parameters are displayed
as a vertical line plotted at the appropriate location on
each chart in Fig. 6.

CONCLUSIONS

This work reports the first systematic study of the
response of the 'P' resonance below N=3 to external
electric fields. Measurement of the resonance spectrum
near the N=3 threshold presents a greater experimental
challenge than the region near n=2, since the e6'ective
strength of the n=2 shape resonances (Ref. 35) is ap-
proximately 100 times that of the 'P' resonance at %=3
(0.34).

The present investigation clearIy shows the quenching
of the resonance as a function of external field strength.
Substructure is not evident which might indicate the
mixing of nearby states, i.e., S and D states, with the P
state. The resistance to quenching in external fields less
than 1.5 MV/cm supports the + classification of the
observed state. The + state, shape resonance, just

TABLE III. Comparison of corrected fitted parameters for a fit (the weighted average of all no
field scans) to Hamm et al. (Ref. 19).

Parameter

q
a
0'b

Effective
strength

Hamm et al.

12.646+0.004
0.0275+0.0008
—0.81+0.02

0.32+0.02

This experiment

12.650+0.001
0.0390+0.002
—0.716+0.37
4. 1 I +0.200
4.47+0.135

0.34%0.02
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FIG. 4. Evolution of the shape of the 'P' resonance in increasing external electric fields. The fields are (a) no field, (b) 0.69
MV/cm, (c) 1.18 MV/cm, (d) 2.36 MV/cm.

above n=2, exhibits the same durability in strong elec-
tric fields.

Lin points out that as the external field increases, the
potential well gets narrower. At sufficiently large fields
the well can no longer support a bound state. As in-
creasing electric fields narrows the potential barrier, the

lifetime of the resonant state decreases through
quantum-mechanical tunneling.

One would expect a downward shift of Eo, tracking
the downward quadratic Stark shift of the n =3 hydro-
genic threshold itself as greater values of electric field
are applied. The statistical uncertainty exhibited in

3.00

0.12

1.50

(e)
0.00 l.00 2.00

0.04 "

(b)
0.00 1.00 2.00

Electric Field (MV/cm) Electric Field (MV/cm)

0.40

0.20

(c)
0.00 1.00 2.00

Electric Field (MV/cm)

FIG. 5. Summary of fitted parameters as a function of external electric field. (a) q, (b) I . Note the "plateau region" in the
0.1 —0.8-MV/cm range of external field. (c) Eff'ective strength. See Eq. (11) in the text.
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FIG. 6. Ideograms of no-field parameters. (a) Eo, (b) —q, (c) I, (d) eft'ective strength, (e) u„and (f) o &.

data sets such as Fig. 6(c) would tend to obscure any
detectable shift in Eo.

A lack of noticeable change in Eo could be due to the
Stark shift and potential narrowing working against each
other. One would expect Eo to rise as the potential well
narrows, thus canceling the downward Stark shift.

There is a possibility that the line shape narrows at
moderate fields. A detailed study at moderate fields
would provide more substantial evidence to confirm or
deny the existence of this narrowing. Understanding the
mechanism of the narrowing, possibly due to coherent
mixing with narrower resonances, could also shed light
on the mechanism of quenching itself. Measurements
performed with light of a known polarization were of
poor quality and are not shown here.

There is lack of agreement of the fitted width (I ) of
the present no-field data with that of the only previous
measurements. ' Energy calibration and the validity of
fitting routines used in this investigation have been care-
fully verified. The disagreement will need to be resolved
by gathering further experimental data in the future.

Harnm et al. ' reported a second recursion of the 'P'
resonance at about 12.83 eV that is not evident in this
study. Its existence may be masked in this work by the
high statistical error of the scans that covered this re-
gion.

In summary, the findings of this investigation are as
follows.

(l) The width of the n=3 resonance, in external elec-
tric fields below 1 MV/cm, remains relatively constant,
before broadening at higher field values. A similar
phenomenon has been observed in the + symmetry
shape resonance just above n =2.

(2) There is no shift of Eo with increasing external
field strengths.

(3) The 'P' resonance quenches completely at a field
strength of greater than 2.36 MV/cm.

(4) Within our present experimental resolution the lo-
cation of the 'P' resonance has been reconfirmed. Its
quenching in a strong external electric field has been do-
cumented for the first time. Ets behavior in moderate
fields is demonstrated.
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