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We have recently derived new sets of coupled equations for the T operators and 

for the K operators describing many-body scattering. The key to' the method is the 
channel coupling array W, whose seemingly arbitrary elements are fixed by requiring 
the iterated kernel of the coupled equations to be connected. Unitary approximations 
may be introduced with relative ease, since the T and K operators are related by a 
damping equation and matrix elements of the K operators are real. In addition, the 
equations are free of spurious solutions and have the correct unitarity structure. 
This talk will be concerned mainly with a derivation of the equations; a discussion of 
the properties of the arrays W and of how their elements may be chosen so as to ensure 
connected iterated kernels; some aspects of the solutions in the N-channel case, in
cluding the formulation of a direct channel optical potential operator; connections 
with other formulations; and numerical applications, particularly to e + H scattering. 
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INE METHODE NOUVELLE DANS LA THE0RIE DE LA DIFFUSION A PLUSIEURS CORPS . 
D.J. Kouri*, Max-Planck-Institut fUr Stromungsforschung, 3400 GOttingen, 

f Rgpublique F£derale d'Allemagne, et F.S. Levin , Departement de Physique, 
University Brown, Providence, R.I. 02912 
Rdcemment, nous avons derive" nouvelles ensembles des Equations couplers pour les 

operateurs T and les operateurs K descrirent la diffusion a plusieurs corps. L'aspect 
essential de la mfithode est la matrice de canal couple" W, dont apparemment arbitraire 
Elements sont decide" par la demande quel le noyau iterate des equations couplers soit 
connexe. Les approximations unitaires pouvent etre introduit avec simplicity, depuis 
les operateurs T et K sont connexe par un Equation Heitler et les elements des opera
teurs K sont reels. Aussi, 11 n'y a pas les resoudres faux de les equations couplers 
(il n'y a pas la maladie Federbush). Finalement, les nouvelles equations sent la 
vraie structure unitarit6. 

Cette conference traitera d'une derivation des equations; les proprie*tes des mat
rices W et mdthodes de choisir leurs elements afin de garantir quel le noyau iterate 
des equations est connexe; des aspects des resoudres pour le cas gdneral,comprendrent 
la formualtion d'un operateur de potential optique dans le canal direct; connexions 
avec autres formulations; et des applications nume*riques, particulierement a le dif-
fusion des Electrons par les atomes de hydrogene. HflllV li°U' 
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It is reasonable to expect that any method for describing many-body scattering 
processes should satisfy at least four conditions: (1), the dynamics must be properly 
taken into account, either via interactions or t matrices; (2), the kernel of the 
equation used in the method must have (finite) iterates that are connected; (3), the 
theory must have the requisite analytic structure, including proper treatment of 
threshold behavior and the correct unitarity (discontinuity) relations; and finally, 
(4), the effects of symmetries must be included. In addition, satisfaction of two 
other conditions is desirable, though not strictly necessary; (5), the equations 
should be free from spurious solutions [in Amado's terminology , the equations should 

2 3) 
not suffer from Federbush disease ' ]; and (6), it should be possible to introduce 
unitary approximations in a relatively simple way. 

The first four conditions may be summarized as follows. If the matrix equations 
for the operators of interest are of the form [z = a complex energy parameter] 

U(z) = B(z) + C(z) U(z) , (1) 

where B is the driving term and C is the kernel of the equation, then: B must properly 
represent the dynamics; C must be connected, for some M >_ 1 ; 

Im U(E + iO) = -n U(E + iO) A(E)U(E - iO) , (2) 

where E is the energy of interest and A is an on-shell projector; and effects of 
symmetries such as the Pauli principle must be either included in (1) or readily taken 
into account. Lack of Federbush disease means that (1 - C) is zero only at solutions 
of the relevant Schrodinger equation, while one way of satisfying condition (6) is 
that an auxiliary (real) operator Y(E) can be found such that (a) U and Y are related 
via a damping equation, e.g., 

U(E + iO) = Y(E) - ITT Y(E)A (E) U(E + iO) , (3) 

and (b) Y(E) itself should obey a simple equation, e.g., 

Y(E) » B(E) + R(E) Y(E) , (4) 

where R is a real operator, usually the real part of C(z). In the nonrelativistic case 
considered here, we may assume that U(z) = U*(z*), and that U is either equal to or is 



linear in the transition amplitude of interest. 
4) The first many-body theory to satisfy conditions (1) - (4) was that of Faddeev 

for the case where n = 3 [here n = number of particles, N = number of arrangement 
5) M fc 6) tannels in the sense of Eckstein or Newton ]. Other formulations, such as that of 

«j.t, Grassberger and Sandhas are well known; we do not need to consider any of them 
in detail. Extensions to the case of arbitrary n were first discussed by Yakubovski 
and more recently for example by Bencze , by Karlsson and Zeiger and by Redish 
In all of these works, the terms corresponding to B in Eq. (1) are t operators in n-
body Hilbert space for 2, 3, .... and up to (n - l)-body subsystems. Furthermore, the 
kernel C is normally a product of B and another operator: C(z) = B(z) D(z). One may 
identify three shortcomings to these methods. First, for many systems of interest, the 
relevant t operators may not be available. Second, and closely related to the first, 
even if on-shell values of some of the t-operators are known, their off-shell values 
generally are not known, and one must proceed using models. Thirdly, and of relevance 
to this work, is the fact that the t operators are complex, so that even if R(E) = 
Re C(E + iO), Y(E) of (4) will not be real because B(E) is not real. This means that 
unitary approximations cannot be introduced in a simple way [in particular, using (3)]. 

12) 13) 
Cahill and Kowalski , among others, have shown how to deal with this problem via 
hierarchies of coupled, integral equations for the case n = 3, but such solutions, 
while they do exist, are not simple. We know of no comparable studies for arbitrary n 
using as a basis the n-body formalisms noted above. 

In contrast to these approaches using t operators, we have recently developed a 
new method for treating the n-body problem ' which not only allows unitary approxi
mations to be introduced in a simple fashion (at least from our point of view) but also 
satisfies the five other conditions listed above. In this treatment, the terms in our 
equations corresponding to the B(E) of equation (1) are the channel interactions rather 
than t operators, so that the auxiliary operators Y(E) of eq. (4) are real. An obvious 
shortcoming is that the formalism cannot be applied directly to hard-core potentials. 
However, most potentials in non-relativistic problems seem at worst to be soft-core, 
and in addition, it is generally true as implied above that it is the potential and not 
the t operators for which there is the most information. In the case of models, a 
potential is usually postulated first and its t-matrix elements determined second. 
Finally, by working directly with potentials, problems involving coulomb interactions 
can be handled relatively simply. An example is the electron-hydrogen scattering sys
tem, which despite its having been the object of study for more than 4 decades, is a 
problem that has not yet been solved. This is the first system to which our method has 
been applied: so far the results are extremely encouraging ; results of these cal-

Lations will be discussed below. 
The key to our method is an N x N matrix W, denoted the channel coupling array, 

which links the arrangement channels together. Elements of W are fixed by requiring 
that the coupled equations in which they occur have a connected, iterated kernel (we 



assume that the potentials in H are sufficiently wellbehaved that the iterated kernels 
of our equations are compact). In our earlier work ' , coupled equations were 
developed by beginning with the postprior definition of transition operators for 
arrangement collisions, but more recently we have derived our results directly from 
e Schrbdinger equation 

19) 
19) 

In addition we have shown that our equations do not suffer 
from Federbush disease and have also established the relation between our results and 

20) 
those derived by Kahn using the reduction technique. For simplicity, we use here the 
postprior T operator approach to discuss our work. 

To fix notation, consider a model threebody problem consisting of three distin
guishable particles (A,B,C) interacting via pair potentials. For simplicity, the mass of 
particle B is taken as infinitely heavy. The Hamiltonian H is then the sum of the two 
kinetic energy operators and the three interactions: 

H " KA + KC + VAB + VAC + V
BC (5) 

V_

We are interested in scattering processes initiated say, by A incident on a bound 
state of B and C: A + BC. The pair interactions are assumed to go to zero sufficiently 
rapidly as the pair separation becomes large. Thus there are four arrangement channels: 

(1) A + BC •*■ A + BC 
(2) A + BC * AB + C 
(3) A + BC > B + AC 
(0) A + BC »■ A + B + C 

elastic 
chargeexchange 
pickup 
breakup 

Corresponding to these four channels are four partitions of the Hamiltonian into channel 
Hamiltonians H. and channel perturbations V. (H = H. + V.): 

J J J J 

H = H + V . V = V + V 
1 0 BC ' 1 AB AC 

H 2 " H 0 + V A B ' V 2 = V A C + V B C 

and similarly for H and V , H and V = V. 
In the general' nbody, Nchannel problem, we also have 
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H = H. + V. , 1< j< N , 
3 3 - ~ (6) 

i no restriction to pairwise interactions is assumed. The eigenstates of H., corre
sponding to observable, asymptotic states, will be denoted |$T,(j)>, where E is the 

E 
total energy. These correspond to plane wave relative motion of the subsystems or 



fragrents forming the channel j and also describe their interna] bound states. 
Amplitudes for transitions between states j<!> (k)> and <<J> (i)| are determined by 

taking matrix elements of the (post - form) rearrangement transition operator T', : 

T' (E + iO) = V. + V G(E + iO)V , (7) 
.1 k J j k 

where G(z) = (z - H) is the full resolvent operator. We also define G.(z) by 0 (z) 
-1 = (z - H.) ; G and G. are related by l l 

G(z) = Gi(z) + Gi(z) V. G(z) (8) 

= G±(z) + G(z) V± Gi(z) . (9) 

Ue shall develop a set of coupled, integral equations for the T' [this can also 
6) - J 

be done for the (prior-form of the) operators T' = V, + V.GV, , but is not necessary 3 K K .Ik 
for this development]. If we set i = k in (9) and substitute it in (7), we get 
(z = E + iO) 

T' (E + iO) = V. + TTk (E + iO)Gk(E + iO)Vk . (10) 

This is a standard integral equation for TT, which suffers from the familiar draw
back of not being connected; in addition, it does not have an analytic behavior that 
leads to the correct unitarity relation. In order to write out a more appropriate 
equation, we introduce the N x N channel coupling array, whose elements are initially 
restricted only by 

N N I W = 1 - I W . (11) 
i=l * i=l * 

Multiplying both sides of (8) by W . and summing on i gives 

N 
G(z) = I Wu[G±(z) + Gi(z) Vi G(z)] , (12) 

i=l 
where the index I may be chosen at our convenience. 

Equation (12) partitions G(z) over all the arrangement channels. The elements 
W . will determine xjhich channels are explicitly coupled together. 

Substitution of (12) into (10) gives 

r k(E + iO) = V\ + Vj I W u G.(E + iO) (Vk - V±) 

+ Vj ? W£i G i ( E + i0) Tik (E + i0) * (13) 

The key point in the derivation is now to notice that T' (E + iO) will always act on 



21) 
states | <P (k)>, so that Lippmann's equality can be used: 

Gi(E + iO)(Vk  Vi) = 5±k  1 = I l k , (14) 

when acting on initial twobody states |$„(k)>. Use of (14) in (13) leads to 

T'k(E + iO) = V.W£k + V j I W u G±(E + iO) T.'k(E + iO) . (15) 

We now define new operators T., (z) which obey (15) for all z, and equal the T' (E + iO) 
for z = E + iO: 

V z ) ■ Y*k+ vj I \± G i ( z ) Tik (z ) • (16) 

Eq. (16) is the desired result. Tn matrix form it reads 

T(z) =1P + 1f 9 ( z ) T(z) (17) 

where //.. = V.W.., C/..(z) = 6.. G.(z). The preceding derivation, because it relies 
on eq. (14), has been questioned. However, not only is (14) a valid result when 
|<S> (k)> is a two body state, but as noted above, we have recently derived eq. (15) 
directly from the Schrodinger equation, without making use of (14) at all, thus justi
fying (though unnecessarily) our use of (14). However, when |$ (k)> is not a twobody 
state, (14) no longer holds, and different equations result. We shall not consider 
such cases here. 

The structure of (17) is such that the operators T., (z) can satisfy the six con
ditions stated above. Let us consider connectedness first. The kernel of (17) is 

n (z), whose matrix element is V.W G, (z). By proper choice of the elements of W , 
a connected, iterated kernel can be obtained. For the 3body problem, we have found a 
choice such that the first iterate of (jQ(z) is connected , as in the Faddeev for
malism. For arbitrary N, we have found a general class of (N  1)! W's denoted channel 
permuting arrays (CPA), such that the (N  l)st iterate of the kernel is connected . 

22) 
Tobocman first gave a prescription for choosing a W that would guarantee that the 
(N  l)st iterate of \j 0\ was connected; his prescription is an example of a CPA. The 
general method for specifying W in this case is to set I = j in (16) and then select N 
of the W = 1 (all others = 0), one in each row and column with rows and columns linked 
successively, as follows: 

w 1 ±  o , 
W, . = 1 or W.. =■ 1 but not b o t h , 

i j j i 
W„ = 1 *• W  1 . 

Jim mn 



The first two conditions prevent only one or two T., being coupled together, while the 
last help's ensure connectedness of the (N - l)st iterate. The channel permuting W's 
are such that (w ).. = 6 . It is easy to see that, although each of the (N - 1)! 
CPA's is a representation of the permutation group of order N, these W's (along with the 

c N unit matrix) form neither a group nor a semi-group except for the cases 
N = 2 and N = 3. 

We shall not give the proofs that the CPA's guarantee connectedness of the 
(N - l)st iterate or that there are (N - 1)! of them. Instead we give a few examples 
and then write out the general set of equations for a specific choice. For N = 2 and 3, 
the following are the (unique) CPA's: 

f° 
1 

r 
0 » 

r° 
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1 

1 
0 

0 

61 
l 
0 > 

f°-
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0 

0 

1 

1 
0 
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In the general case, we select as the initial channel k = 1; for W.. we choose 
W. . = 6. . ,. l<i<N-l;W„. = 1 ; all others equal zero. Eq. (16) becomes 

14,22) 

Tu(z) = V± G2(z) T21(z) 

T21(z) = V2 G3(z) T31(z) 

(18) 

TN-1,1(Z) " V l V Z ) TN1(Z) 

TN1<Z) = VN + \ G 1 ( Z ) T11 ( Z ) 

Equation (18) is not in the usual form of coupled equations we are familiar with; 
nevertheless, it is a valid form. In particular, the symmetrized version of (18) has 
yielded unitary, S-wave e + H scattering amplitudes while another set , similar to 
but not identical with (16), gave explicitly non-unitary amplitudes in the same 
problem . These results have been interpreted in light of the existence of the K 
operator and damping equations corresponding to (17) and their lack in other formula-

22) 
tions of many-body scattering, even those utilizing the W array 

Before commenting on the unitarity properties of our equations, we consider a fur
ther point connected with the specific set (18), viz, only the last equation appears to 
have a Born term. This is, of course, only an apparent lack, since it is evident that 
bv back substitution, the N equations of (18) may be decoupledj and each of them will 
en display driving terms. 

Before displaying the uncoupled equation for T ,, it is necessary to consider some 
analytic properties of our equations, since they are not yet in a form which properly 



takes account of unitarity restrictions. Eq. (16) [or (17)] is obtained from (15) 
simply by replacing E + iO by z. We wish to determine if the matrix Q (z) has the same 
analytic properties as the collection of its matrix elements {G.(z)}, each taken indi

1 23) 
dually. The answer is no: as shown in a paper contributed to this Conference , the 

resolvent G,(z) behaves differently when considered as an integral part of the equations 
for T(z) [recall Q..(z) = G.(z)6..] than when examined in isolation. The difference 
becomes noticeable when examining the discontinuity of Q(z), D Q (z), across the 
right hand cuts. Unless special precautions are taken, there will be multiple contri
butions from cuts occurring in more than one of the G.(z). Since D O (Z) = 2i Im Q (z) , 
multiple counting is avoided by the simple device of multiplying each G.(z) by the pro
jection operator P(i) onto the set of bound internal states in channel i: 

Im 9 i j ( z ) "* Im 9 i  ( z ) H 6
ij

 [Im G
i<

z ) ] P ( i ) * 
23) 

By Cauchy's theorem, we also find 

Re Q±.(z) - Re Q±.(z) = 6±. [Re G±(z)] P(i) , 

so that we may in general replace Q(z) in eq. (17) by 0(z) , where 

9ij ( z ) = 6ij G i ( z ) p ( 1 ) - 6ij G i ( z ) • (19 ) 

This means that T(z) is now defined by 

T(z) -Tf + TfCjiz) T(z) , (20) 
24) 

thus ensuring that T(z) obeys the proper unitarity relation , viz., 

Im T(E + iO) = irT (E + iO) A(E) T(E  iO) , (21) 

where A..(E) = 6 6(E  H.)P(j). The change Q(z) * Q (z) is, as we have shown , 
ij ij 3 ~J -J 

consistent with the effective orthogonality conditions found by Hahn to hold in multi
25) 

particle scattering 
In the form (17), T(z) has the solution T(z) =U + UxJ(z)/Jt where ZJ (z) = 

[Q (z) ~2J ] . In addition, a matrix of K operators had been introduced ' 
through K(E) = 1/' ^IfO^iX + iO)K(E) , where Q P

( E + iO) *> Re Q (E + iO), such that T 
and K were related by the damping equation » ' T(E + iO) =» K(E)  iirK(E)A(E)T(E + 10). 

"
e
>
 A
^(

£
) = 6 6(E  H.), so that A.(E) = A (E)P(j). This latter damping equation 

is incorrect, since there is multiple counting of the contributions from many of the 
unitarity cuts. With the new results, wc find T(z) <= IP +1PM (z)7f , where ~j (z) ■=■ 
[O (z) 7/ ] , and also new Koperator equations and damping relations: 



K(E) = If + IP Q P(E + iO)K(E) (22) 
id 

T(E + iO) = K(E) - iirK(E)A(E) T(E + iO) . (23) 
Eq. (23) is clearly compatible with the unitarity relation (21), while eq. (22) allows 
for the introduction of unitary approximations in a simple way. 

The implication of this modification is that in carrying out calculations, only 
bound internal states of the subsystems in each channel need be considered as inter
mediate states. The effects of a two-body breakup (continuum) state of one of the sub
systems in an m-body channel are included in the contributions from bound states in an 
(m + l)-body channel. As a result, the complexity of calculations can be greatly re
duced. There is another point of interest in this connection. Our method counts con
tributions from unitarity cuts correctly by restricting the G.(z) as above. The same 
effect is obtained in other many-body scattering theories?-!!) by the device of using 
the n-body, free-particle Green's function GQ(z) = (z - HQ) only, but with the entire 
collection of 2-, 3-, (n - l)-body t operators, which latter have the effects of 
all cuts other than the n-body free-particle one built in. 

With the preceding modification, we may now consider the uncoupled equations for 
T,,, obtained by back-substitution of the equations from (18), modified by G. + G. . 
The result is: 

T n(z) = U<N)(z) [1 + G^z) T n(z)] , (24) 
where 

Ul = V l G 2 ( z ) V 2 G 3 ( z ) V
3 • • • G N ( z ) VN (25) 

is a quantity we have denoted^) the direct-channel, optical-potential operator. It 
is a z-(energy-) dependent, complex, non-local, connected operator, expressing the 
physical result that flux may go into channels other than k = 1 . This has interesting 
implications for the theory of the optical model; in particular, even if the energy 
is too low to excite states in channel 1, it may be possible to have transitions to 
states in channels other than j = 1 , as for example in (d,p) reactions. In such 
cases, the optical potential will be complex even though in channel 1 only the ground 
state can be seen experimentally. 

We now turn to the question of the effects of the Pauli principle. We have re
cently studied a model identical-particle problem in which one particle is scattered 
by a system of (n - 1) identical particles under the condition that the final state 
consists of (n - 1) particles bound together plus one free particle . In this case, 
channel labels are identical to particle labels, and the amplitude is given, for 
ample, as matrix elements of the operator J = T.- - (n - 1)P2-T21 , where 1 (or 2) 

—bels the unbound particle and P2- is the two-particle transposition operator. In 
this notation, 1 is the "direct" channel and 2 is the "exchange" channel. An integral 

^y 24) 
equation for J based on eq. (16) and the symmetry of the problem is 



y = [V1W11 "(n  1)P21V2W21](1 + G^ ) , (26) 

where the energy dependence is suppressed." For the case n = 2, (26) reduces to the 
»neral form of the equation solved in the e + H case which gave unitary ampli

tudes ~ . The preferred choice for W.. is W = 0, W2 = 1, although other values 
are allowed in this case because of the presence of G.. For this choice, the "direct" 
driving term V W vanishes, leaving only the exchange term in (26). The results of 

 2 2 
approximate e + H calculations based on (26) f.or the case n = 2, V. = e /r. + e /ri?, 
are very encouraging, despite the.lack of the usual Born term when W = 0 . We 
emphasize that these equations, despite a possible superficial resemblance to the more 
familiar HartreeFock type of coupled equation used in electronatom scattering , 
are in fact not only different in appearance, but represent a completely different 
approach to the physics of identical particle scattering problems. The results pre
sented below for low energy e + H scattering parameters calculated in the approxima
tion of retaining only the Is hydrogenic ground state as an expansion basis for 
evaluating G. are corroborative evidence for this conclusion. 

The first calculations done for the e + H system that gave unitary amplitudes 
using the W array were for the values W = 0, W_. = 1  VI.. = 1 . Singlet and 
triplet phase shifts from this and other calculations are compared in Tables 1 and 2. 
The results are seen to compare extremely well with the phase shifts computed from 

27^ 28^ 
both the closecoupling approximation and the (lower bound) variational method 
For a detailed discussion see ref. 16 and 17. 

Given these successes, additional low energy computational studies were made, in 
particular to examine the dependence of the singlet and triplet e + H scattering 
lengths and E = 0.1 Rydberg phase shifts oh W. . A representative set of results is 
given in Table 3 for the scattering lengths a (defined here as lim k »• 0 [+k cot n~] , 
where r\ (n ) is the singlet (triplet) phase shift). The preferred choice of W... = 0 
is indicated by an asterisk, and results of several other calculations are included 
for comparison. Notice that a and a must be considered together when examining 
these results, since we see that variation of W can yield a value for either one 

+ 28} 
of a" close to, or even less than, Schwartz's variational result while the other 
value (a ) can then be arbitrary, both in magnitude and sign. (Schwartz's (upper 
bound) values are generally regarded as.the biblical numbers against which all other 
calculations are to be measured.) The best pair occurs for the preferred values 
W
ll * °> W21 = 1 ■ 

+ 
More detailed results are given in Figure 1 for a (0.3 <̂  W_. <_ 1.3) and in 

Figure 2 for a (0.3 <_ W £ 1.4). The use of W . can be thought of as providing, in 
certain sense, an effectivepotential description of the scattering. The points A 

are where this effective potential turns from repulsive to attractive, while the 
singular points occur at the onset of a bound state at zero energy. The behavior for 



large, negative W-- seems smooth; analytic fits to these curves, extrapolated to 
W-. = -<*> show no indication of further poles or zeros. It is tempting to associate 

+ -
"le pole in a with the well-known H , singlet bound state, but the occurrence of a 
de in a where no bound, triplet H states exist, makes this association, at present, 

+ merely an interesting speculation. The E = 0.1 Rydberg phase shifts n are shown in 
+ Figures 3 and 4. Their behavior corresponds quite closely to that of a ; in particular, 

+ + 
n" goes to zero at the points A where a changes sign. A more detailed discussion of 
these calculations is given in ref. 18; other calculations, both for the e + H and for 
the nuclear 3-body systems are in progress. As noted above, the results presented here 
are favorable numerical evidence that our method, even though it leads to unfamiliar 
equations, is a promising means for treating multi-channel scattering problems. 
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Table 1 
Singlet e + H Phase Shifts 

E(Ryd) Hartree 27) Static 2 ? ) c l o s e_ C o u p l e d
2 7) 

Exchange W Array Variational 

0.01 
0.04 
0.09 
0.25 
0.36 

0.721 
0.973 
1.046 
1.045 
1.021 

2.396 
1.871 
1.508 
1.031 
0.869 

2.491 
1.974 

1.082 
0.93 

2.541 
2.039 
1.646 
1.080 
0.871 

2.553 
2.067 
1.696 
1.202 
1.041 

Table 2 

Triplet e 4- H Phase Shifts 

E(Ryd) Hartree 27) Static- 0,N 0. „ .. ,27) TT . 16) _ , 27) Close-Coupled W Array Exchange _ y Variational 27) 

0.01 
0.04 
0.09 
0.25 
0.36 

0.730 
0.973 
1.046 
1.045 
1.022 

2.908 
2.679 
2.461 
2.070 
1.901 

2.935 
2.715 
2.50 
2.096 
1.92 

2.935 
2.737 
2.554 " 
2.264 
2.170 

2.939 
2.717 
2.500 
2.105 
1.933 

Table 3 

Dependence of e + H Scattering Lengths on W.1 

W. 11 

-0.4 
0 
0.4 
0.8 
0.9 
1.0 
1.1 

27) Strong coupling 
27) 

Close coupling 
Variational 

5.792 
6.230* 
7.376 
17.253 
193.568 
-9.442 
-2.140 

7.5 
6.74 
5.96 

2.267 
2.077* 
1.745 
0.598 

-0.658 
-9.442 
7.655 

2 .33 

1.89 

1.77 
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