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The purpose of this experiment is to measure the exchange pole. There, the pole residue is proportional 

asymptotic D- to S-state ratio p~ for 3 ~ e .  A precise in leading order to p ~ .  This technique is an extension 

determination of this ratio would provide a significant to 3 ~ e  of a proposal by Amado, Locher, and ~imouius~O 

and new constraint on calculations of the 3 ~ e  bound to use analytic extrapolation to determine p~ for the 

state wavef~nction.~ deuteron. 

The only measurements of p~ come from tensor To produce an energy-independent result and to 

polarized (dB3He) reactions ,2'4 where the values remove the trivial zeros at 0=0° and 180°, the function 

scatter considerably. Even so, there is a to be extrapolated is 

~ u ~ ~ e s t i o n ~ ' ~  that p~ for 3 ~ e  is some 25% larger than 
F(z) = k2 uT22 (~-z~)~/(l-z~) (1) 

for 3 ~ ,  in contradiction with the equality expected 

from theory.5 More recent analyses have shown that where zPcos 0 and k is the deuteron center-of-mass 

this discrepancy may arise because finite-rauge6 and . momentum. Measurements are made in the interval 

ten~or-~otential7 effects were not included in the DWBA -1 < z < 1, and F(z)  is extrapolated to the exchange 

calculations; but there is as yet no calculation pole at 

including both of these effects. It has also been 
zp = -13112 - 25B/36EL (2) 

pointed out that one experiment (that of Ref. 2) may be 

in error.8 A measurement9 of p~ for 3~ using analytic where B is the proton removal energy from 3 ~ e  and EL 
+ 

extrapolation techniques in the d(d,p)t reaction is the laboratory deuteron energy. To first order 

produces a value that is in good agreement with 

theory . 
We intend to measure p~ for 3 ~ e  by analytically The coefficient in Eq. (3) depends on the 3~e-d-p 

+ 
extrapolating the polarized cross section, uT22, in d + S-state coupling constant. The value used here comes 

3He elastic scattering to the position of the proton from forward dispersion relations. l1 B l2 



To obtain useful results, both the cross section 

and T22 tensor analyzing power must be measured with 

good absolute precision. The measurement of T22 with 

the present deuteron beam requires a scattering table 

that can be rotated about the beam axis. Such a table 

is under construction. A new gas cell and slit system 

have been tested in the 64-inch scattering chamber. 

This gas cell incorporates temperature and pressure 

sensors with digital readouts and two plates for 

measuring the ionization current of the left and right 

halves of the beam. The ionization current signal is 

used to keep the beam centered on the gas target. 

Measurements of proton-proton scattering at 52 MeV with 

this gas cell, when compared with the results of J. 

Sanada, et a1.,13 verify that absolute cross sections 

may be measured to within 5%. Corrections were needed 

for background, pileup, and reaction-tail losses in the 

Germanium detectors. Figure 1 shows the cross section 
Figure 1. Measurements of the d+3~e elastic scattering 

for d + 3 ~ e  elastic scattering measured with this gas cross section at 80 MeV. The solid points were 
measured by detecting the foward-going deuteron and the 

cell at 80 MeV. open circles were measured by detecting the recoil 3~e. 
The errors are smaller than the size of the points. 

Before proceeding with the experiment, it is also 

important to determine the reliability with which the used to test our understanding of extrapolation 

extrapolation of F(z) in Eq. (1) can be made. techniques. 

Following the proposal of Ref. 10, two precise The usual practice in extrapolating data to the 

determinations of p~ for the deuteron were exchange pole is to match the data for F(z) to a 

reported.14 , l5 Both determinations used a Legendre Legendre polynomial series. The order of the fit, 

polynomial series to represent F(z). These experiments ha,, is chosen large enough to reproduce the 

have been criticized for failing both to include measurements (X2/v  < 1). Usually, ha, = 2 or 4 in 

Coulomb corrections and to estimate the error Refs. 14 and 15. A correction must be included for the 

introduced by the truncation of the Legendre polynomial higher-order terms that have been left out. For this, 

series. a theoretical calculation is needed. Since the 
-+ 

We have embarked on a project of reanalyzing the d Legendre series up to bx reproduces the measurements, 

+ p elastic scattering measurements used to determine there is no experimental information on the size of 

p~ for the deuteron. The value of p~ for the deuteron these coefficients. Upper bounds from the data do not 

is well-determined from various potential models and restrict the zpL divergence of these terms at the 

sub-Coulomb stripping reactions16 and it can thus be exchange pole. 



+ 
We have chosen to make a calculation of d + p 

scattering that is valid for large angular momentum by 

writing the scattering amplitude as a sum of exchange 

diagrams, including only those closest to the physical 

region. The diagrams chosen for explicit consideration 

are shown in Fig. 2. The exact z-dependence of each 

diagram will be calculated and the strength of each 

diagram will be adjusted to reproduce measurements of 

F(z). Because far-away diagrams may have a small 

influence, a linear background is included in the 

model. The value of p~ is given directly from the 

strength of the neutron exchange amplitude. 

A preliminary calculation was made using only the 

neutron exchange and spin-averaged NN triangle 

amplitudes (along with a linear background) at 20.0, 

35.0 and 45.3 MeV. These values lie slightly lower 

than the expected residue (shown in Fig. 3) when 

Coulomb corrections are included. 17 A more recent 

calculation at 45.3 MeV (cross point) uses the 

z-dependence of all the amplitudes shown in Fig. 2. 

The pion-neutron amplitude is spin-averaged and the NN 

triangle graph is treated exactly, except for the 

contribution of the deuteron D-state to the lower 

vertices. Further analysis will be done when the 

D-state is included in the NN triangle amplitude. For 

d + 3 ~ e ,  an additional correction will be needed to 

account for the effects of charged particle 

exchange. 18 

Additional analysis with our model has 

demonstrated that extrapolation using Legendre 

polynomials converges too slowly to be of practical 

use. Previously reported values14~15 for p~ in the 

deuteron are consistent only through a fortuitous 

cancellation between the effects of the Coulomb 

correction and the truncation of the Legendre 

polynomial series. Our model, which substitutes the 

E (MeV) 

Figure 2. Model diagrams for the large angular Figure 3. New determinations of the residue F(zp) 
momentum part of dfp elastic scattering. They using the nearest diagram model. The dots use only 
include: a) the pion-neutron triangle graph, b) the diagrams (b) and (d) from Fig. 2, while the cross point 
neutron exchange pole, c) the Coulomb pole, and d) uses all diagrams. The solid curve is the expected 
the nucleon-nucleon triangle graph (also called the residue, including Coulomb corrections, and the dashed 
anomalous cut). line is the residue at infinite bombarding energy. 



z-dependence of the known and important amplitudes for 

the z-dependence of the Legendre polynomials, provides 

a far more reliable determination of p~ at this level 

of experimental precision. 
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scattering is analogous to that shown in Fig. 2; thus, 

the extraction of p~ for 3 ~ e  can proceed with only 

minor modifications to the model. Because the exchange 

pole is closer to the physical region for d + 3 ~ e  

elastic scattering, its effects should be larger and 

easier to reproduce than for d + p scattering. We thus 

expect that the information we obtain on the D-state of 

3 ~ e  will be of high quality. 
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