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We are here today to discuss ways we can use H- to en-
hance the performance of the Main Injector.  But besides 
being a useful tool in accelerator physics, H- has an intrin-
sic interest of its own as a relatively simple quantum me-
chanical three-body problem.  Therefore, before we start 
discussing applications, I will present a short review of 
what is known about the ion, from an experimental point of 
view.  Some of its properties, that I’d like to briefly de-
scribe, may also turn out to be useful for practical applica-
tions. 
 
First something very general about H-.  If it were not for 
the high correlation between the motions and positions of 
the two electrons, it would not be bound.  After all why 
would a neutral object attract another charge?  Like most 
negative atomic ions, H- has only one bound stable state.  
There is also a state sometimes termed “the second bound 
state”.  (The ground state is 1s2 1Se and this state is 2p2 3Pe).  
This state is forbidden to just fall apart into a hydrogen 
atom and an electron ("autodetach"), but it can decay into 
three bodies: a H atom, an electron and a photon. In this 



sense, it is unique in atomic physics.  It cannot be excited 
by single photon absorption and its lifetime is 1.73 nano-
second, so it presents no problems in a H- beam, even if it 
emerges from the source. The H- lacks, completely, singly 
excited states in which only one electron is excited and the 
other remains in the ground state. Compared with He, an-
other simple two-electron system, with all kinds of spectral 
lines, H- seems quite dull.  However, don’t give up on H-, 
as it has an infinite series of manifolds of doubly excited 
states.  H- is not singly exciting, but it’s doubly exciting!  
More about those shortly. 

 
Here is the photodetachment spectrum of H-.  The thresh-
old is at 0.7542 eV, because that is the binding energy of an 
electron to H atom, the so called “electron affinity" of hy-
drogen.  Note that the slope rises as the excess energy to 
the 3/2 power at first (the Wigner threshold law), levels out 
and peaks at 1.5 eV, then declines like the cube of the re-



ciprocal of the photon energy.  A very simple and useful 
function.  If there had been any singly excited states, they 
would have been seen as bumps below 0.75 eV.  If we fol-
low the curve out to around 10.9 eV, we start to see struc-
ture in the continuum.  This structure persists until we 
reach the two electron continuum at 14.35 eV (13.6 +.75).  
After that the continuum is featureless. 



 
The tale of two resonances.  The first structure we encoun-
ter, as we raise the photon energy, is the lowest-lying 



 
Feshbach resonance.  This is a major enhancement in the 



photodetachment rate, but unfortunately for our purposes it 
is only about 30 microvolts wide.  It can be thought of as a 
(2s3p-2p3s) 1Po state.  There is also a second, much nar-
rower Feshbach state, (2s4p-2p4s) 1Po discovered in the late 
90’s in Denmark, some 40 millivolts above it. These reso-
nances are converging on an energy of the photon that cor-
responds to the liberation of one electron from H-, leaving 
behind a H atom excited to n=2.  The photon energy is thus 
10.2 eV+.75 eV = 10.95 eV.   Then comes a relatively 
broad resonance, the so-called “shape resonance” 2s2p 1Po.  
This is a very durable resonance, as we shall see later, that 
actually gets stronger when you put it in an electric field.  
The shapes of the resonances, embedded in the single elec-
tron continua as functions of energy are called “Fano pro-
files” and are a quantum mechanical consequence of the in-
terference of essentially two processes involved in the pro-
duction of the detachment. 
 
The importance of the correlations between the two elec-
trons cannot be stressed too highly.  H- would not exist 
without correlations.  The independent particle model of a 
state π,,,, 221 SLlnln  is replaced by πnmKTAS .  The two elec-
trons form essentially a quasiparticle specified by the corre-
lation quantum numbers KTA.   



 
The manifolds of window resonances.  Starting with the 
threshold for detachment of an electron from H- leaving the 
residual core hydrogen atom in n=3, we find successive se-
ries of "window", or as you say, "notch" resonances, con-
verging first on n=3, then n=4, etc.  The same sort of thing 
can be seen in He. 
 
 
Other resonances.  Photodetachment from the H- ground 
state using a single photon is limited by the selection rules 
to singlet P continua, so that only states with singlet P even 
parity are accessible directly.  However, there are many 
other states in H-, and we have been able to see them in our 
experiments.  There are two ways they may be studied in an 



H- beam, in multiphoton absorption and by mixing with al-
lowed states in the presence of an electric field.  We shall 
discuss these cases later. 
 
The double detachment.  Finally when the energy of the 
photon is at 14.35 eV we can leave the residual H atom in 
n=∞, that is, both electrons can be detached.  Here there is 
theoretical interest in the nature of the threshold law, which 
we have tried to elucidate, but I shall not go further here.  
Some people think the Wannier threshold law describes the 
situation pretty well; others do not. 
 

 



The effects of electric fields.  We have studied the effects 
of electric fields on the structures of the ion mostly using 
the very strong motional electric fields one can induce in 
the ion's rest frame using modest laboratory magnetic fields 
transverse to the ion beam.  The lowest Feshbach resonance 
splits into a triplet when it finds itself in a weak electric 
field and then quenches; the shape resonance on the other 
hand requires much stronger fields to show an effect, and in 
fact becomes stronger in strong electric fields.  It appears 
that the shape mixes with an underlying singlet D state, just 
as the Feshbach mixes with an underlying single S state.  
The effects are laser-polarization dependent. 
 
Threshold region. Effects of electric fields.  The dual beam 
interferometer.  If even the tiniest electric field is applied to 
a negative ion, in principle it becomes stable, as the wave-
function is free asymptotically.  It just may take a long time 
to tunnel out.  That lifetime τ  in an electric field F can be 
expressed quite well by the formula  
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where 610)10(073.3 −×=a  sV/m and 910)10(414.4 ×=b  V/m , all 
evaluated in the ion’s rest frame.   This behavior is of great 
interest in designing the proposed beam line, of course, but 
we will defer such discussions now.  What happens if one 
tries to photodetach this asymptotically free electron?  Con-
sider the case where the laser beam is polarized along the 
direction of the applied electric, which can be arranged as 
shown in the illustration.  The electron is lifted up above 
the energy barrier by absorbing a photon and the makes its 
way out preferentially along the electric field lines.  The  



wave function of the detaching electron divides into two 
lobes, one going along the field direction and the other go-
ing “upstream”, against the field.  Think of two coherent 



electron waves traveling in opposite directions.  Well, the 
one going upstream will eventually run out of steam and 
fall back toward the atom from which it was ejected. It is 
essentially reflected by the rising potential wall.  Now as-
suming the process of ejection is still going on, the re-
flected wave will then lap back over the lobe which is 
heading down stream.  The total wavefunction of the 
ejected wave is the sum of the two lobes which can inter-
fere, just as in a two beam interferometer, the Michelson, 
for example.  As one increases the photon energy the phase 
between the two lobes varies between constructive and de-
structive, so that the cross section develops ripples.  

 



 
 
 
 



Multiphoton processes.  Observation of the singlet D state. 

 
 
 



Work with foils. 
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Summary 
 
 

 
 
The availability of the 8 GeV H- beam for atomic physics 
would be a bonanza 
 



 
 
One of our collaborators in her postdoc days: Carol Harvey 
Johnstone 


