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Abstract

Extrapolating np scattering amplitude into the deute-
ron pole we relate it to the deuteron asymptotic D/S
ratio n=Ap/As. It gives a useful restriction on the
phenomenological NN amplitudes. The phase shifts by
Arndt et al. lead to v in good agreement with other
approaches. In this way we find also the deuteron qu-
adrupole moment which in the zero range approxima-
tion is expressed directly through the parameters of np
amplitude.
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In recent years the deuteron static characteristics are often dis-
cussed, and among them the parameter n=A,/As which defines the
ratio of D- and S-wave deuteron functions at r—oo. It can be found
from the stripping data and its value is considered to be less mo-
del-dependent than the deuteron quadrupole moment Q, (see, . g.,
Refs. [1, 2] and references therein).

Here we derive the model - independent relation between m and
the parameters of spin-dependent np amplitudes at threshold. This
relation is similar to the well-known relation between the asympto-
tics of the deuteron S-wave function and the triplet np scattering
length. Its existence is quite natural since the D-wave admixture in
deuteron is closely related to the D-wave np scattering parameters
(D-wave phase shift and 3§,—2D, mixing parameter). We express
also the deuteron yuadrupole moment directly through the np ampli-
tudes.

To derive these relations we shall use the zero range approxima-
tion for tensor forces which is equivalent to the extrapolation of
spin-spin np scattering amplitudes into the deuteron pole. Our ap-
proach is very close to the method suggested by Danilov [3] for the
investigation of P-violating efiects in np system, but differs in
technical details. Note that the wave function found in Ref. [3] was
used afterwards in Ref. [4] for the calculation of the deuteron ana-
pole moment, its P-odd electromagnetic characteristic.

We start from the standard expression for the np scattering am-
plitude valid under the assumption of P- and T-invariance as well
as of charge independence of nuclear forces (see Ref. [5])
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i(E, ') =a+b(6,7) (5,0) +¢(6,+0,) i+

+ (g +h) (8,7i4) (G,7i1) + (§—h) (8,7i-) (5yfi-) (1)

Here & and &’ are the initial and final relative momenta of nucleons
in cms, 6, and G, are the proton and neutron spin operators, 7. are
the unit vectors directed along k. =k=+Fk’, A is the unit vector direc-
ted along T7#igxrn_-. Using the evident relation
(G,7) (G4fi) =06,6,— (G,7i+) (Gafi+) — (G,7i-) (Gpfi—) we eliminate the
structure (G,7) (d,7) from Eq. (1) and then introduce instead of the
unit vectors i, the momenta k& and k’. Since we are only interested
in the triplet scattering we pass from the operators G, and &, to the

total spin operator S‘i%(ﬁl—i-&’z]. Finally, the triplet np scattering

amplitude can be represented as
fl(EE)=—a+ ¢'S- [k xE]/m*+g,(S(R"+ k))*/m*+
+ g (S(F'—Fk))*/m? (2)

where
a=—(a+b), ¢ =2cm?/k*sind,

g =(g—b+h) mﬂfzkzmsﬂ% g,=(g—b—hym? ,zzkﬂsmﬂ%

Here m is the nucleon mass, 6 is the scattering angle. Eq. (2) can
be treated as the expansion of the scattering amplitude in powers of
momenta up to the second order in k/m. Then a=(me) '/ is the
triplet scattering length and ¢’, g,, g, are the constants independent
of 0. Note that here and below we omit the terms of the order of
(k/m)? independent of S.

To construct the deuteron wave function at large r we derive at
first the effective 8-type potential U(7) (pseudopotential) which rep-
roduces the scattering amplitude (2) in the Born approximation
(see, e.g., Ref. [6]). Using the correspondence

kL kj—>—,V18(F), kih>—Vid(NV kik—>—8(")V.iV;
we get

0 (7)=2{ab(r) + £ e SV (A Vit
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+El;§,-,-[{g1+g2] (Vi8N +8(F)ViVj) +

+(@—g2) (VN V+ V37 V1) (3)
where §,—;=—;-(S,-S,-+SJ-S,-]—%6;;. Then the outgoing scattered wave
can be written as

ikfr—r
___i a r_'E___ = —
=\ - 0P (P (4)

As an unperturbed solution ¢, we take the S-wave one. Now ex-
pression (4) can be transformed to

ikr
([1+{—gl—-f2g—2j§:'jva;)e7- (9)

m

Performing the analytic continuation of the wave function (5) to the
point k=i/«, which corresponds to the bound state, we find the fol-
lowing expression for the deuteron wave function at r—oo
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From (6) we get immediately the following result for n=Ap/As

V2 (g+g) (7)

3a’m?®

According to Ref.[l] the average value of n found from the elastic
dp scattering and neutron stripping reactions equals 0.0271(4).
Using this number we get from (7)

Let us determine now the value of g,+ &5 at k—0 using the ava-
ilable phase shiit data. At Fig. 1 we show the dependence of
Re (g, +g,) and Im(g,+g,) on I, parametrized by the formulas
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Im(g,+&;) = (Tp/To) (1 +Tp/T) ' X b.T;, (9)
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with coefficients a,,, and b,,, calculated using the phase shiits by
Arndt et al. [7] at T,=1, 5 and 10 MeV. It can be seen that
Im{g,+g,) is independent of the scattering angle for all the energy
interval considered. The real part of g,+ g, which is of interest to
us, still depends on @ at T,=10 and 5 MeV and becomes constant
only at T,=1 MeV. It gives some error in the coeflicient a, which
should be determined by the extrapolation oi g,+g, to T=0. Thus
we get a,=94 im or 109 fm for 6=0° or 180°. The values of a, for
other angles lie in this interval 94—109 fm. Therefore, using Eq.
(7) we find from the data [7]

0.024<n<0,028 (10)

in good agreement with the results found by other methods.

Note that the error introduced by the extrapolation from k=0 to
the deuteron pole is not large, ~ (ro/a)?, where r, is the range of
nuclear forces.

Using the relation between n and Qq given in Rei. [8] (see also
Rei. [2])

Qﬁfﬁ’l:ﬂ; =13.91

l

where Qs and AZ are measured in fm® and fm~' respectively, we

get at A; =0.885
Q4=0.26—0.30 Im’ (11)

" in reasonable agreement with the experimental value 0.286 fm®.

Now we make a step further and in the spirit of the zero range
approximation use the function (6) to compute the quadrupole mo-
ment. Then we find the following closéd expression for @,
(As = (2/a)"? in this approximation)

III'JJ = (8, + &) = na’
: Jam? ,‘/2_

(12)

I ,

In this way we get QY =0.32—0.37 fm? by 10—30% exceeding the
experimental value of Q.. The accuracy of this result is lower,
~|pa(ro) | 2ra~ry/a.

In conclusion we note that since the value of n can be determi-
ned with good accuracy from elastic scattering or stripping data,
the model-independent relation (7) can be used for the reliable esti-
mation of the amplitude g,+ g, and for the check of the seliconsis-
tency of phenomenological analysis of low energy np scattering.

We are grateful to P.N. Isaev, .M. Narodetsky, Yu.A. Simonov
and V.G. Zelevinsky for useful discussions.
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