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The neutron- d e uteron d ouble t and quartet scattering lengths (a~ a nd a, ) 

belong to the few fu n d amental constants permanently used for checking the 

a c curacy o f any solutio n of the nuclear three- body prob l e m. Unfortunately the 

experimental data s till remain a s ambig uous a s 15 y ears ago when the follow ing 

tw:l alternative s ets o f n - d scattering lengths were determined/ 1 / : 

I) a~ • 0 .7 ~ 0 .3 fm, a• • 6.38 ~0.06 fm ; II) a 2 • 8 ,26 ~0.12 fm, 

a, • 2 ,6 "!:... 0,2 fm , E v e n tho u g h in more than 2 0 theoretical w orks indications 

were obtained for the correctness of s et I ( see, for example, r e f/ 
2

/ ) the 

choice of the pro per set should h a ve been done experimentally. Indeed, u p to 

now all theo retical consid erutio n s are bas ed on approximate models of nuclear 

force s, and the mathematical s olu tions are also appr oxima te. M o reover , rece ntly 

s ome theo r etical arg umen ts w ere advanced favouring set II / 3 / • 

One can distinguis h between the two sets by means of measur ements with 

polarized neutrons and pola rized deuter ons. In case o f c o mplete polar ization 

the n- d collisions proceed through the quartet state when the spins of the 

neutron a nd the deuter on are parallel, whereas the doublet is the rrost probable 

for antiparallel spins, In the first set, a, is larger than a~ and there fo re 

for parallel spins the total scattering cross section is larg er and the transmis

sion 'I' o f the sample is s maller than that antiparallel spins: 'I' par < 'I' anti, 

to • ( 'I' - 'I' ti) / ( 'I' + 'I' ti ) < 0 , In the second set, a, is smaller 
par an par an 

than ·~ , h e nce t0 > 0 , These conclusions are valid fo r the neutron energy 

En~ 1 eV when the beam attenuation is determined by the total cro ss sec tio n. 

For much s malle r neutro n energ y and a m o nocrys talline sample, the attenua tio n 

is due o nly to the incohere nt scattering which vanishes for parallel orientation 

o f the neutron a nd d e utero n spins; conseq!-lently we have for the both sets 

( 0 > o. 

The measurements of t 0 were carried out on the pulsed fast reactor IB R 

by the time- of- illght method, The lay- out of the experiment is shown in fig. 1. 
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The neutron beam was polarized by transmission through a polarized proton 

targe/ 4 / • The neutron polarization varied from In • 0.5- 0. 7 to In .. 1 depending 

on neutron energy. A monocrystal of deuterated lanthanum magnesium double ' 

nitrate (Nd~~~05 r..a0 •995 ) 2 Mg
3

(No
3

) 12 x 24 D 2 o was used as a deuteron 

target. The admixture of ordinary hydrogen to deuterium was less than 0.5%. The 

thickness of the crystal passed by the neutron beam was 35 mm, the transverse 

dimensions being 15x24mm
2

• The deuterons were polarized dynamically/ 51 at 

frequency 64 Ghz and temperature 1.3°K. Deuteron polarization was. controlled 

by observing the deuteron nuclear rragnetic resonance ( NlVIR) signal. The abso

lute value of polarization could not be obtained in this way, as the N\itR detec

tor used could not measure the unenhanced deuteron signal. The sign of deute

ron polarization was determined by comparing the deuteron Nl\IIR signal with 

that of fluorine in teflon, the latter being detected at the same Nl\IIR frequency 

but at diminished magnetic field. 

Between the proton and deuteron targets, a spin rotator was placed which 

allowed to rotate the neutron spin by 180°. The following detectors were placed 

in the neutron beam: BF 
3

- monitors in front of ( M
1

) and behind ( M 2, M 3 ) the 

proton target; B 1 °F
3

- counter bank (BC), and boron liquid detector (LD) behind 

the deuteron target. The pulses from all detectors were counted by scalers and 

those from M2, BC and LD were analyzed by multichannel time analyzers. After 

each 105 counts of the monitor Ml (which took about 800 sec.), the neutron 

spin direction was reversed. ln the first measuring cycle ( 32 counting intervals) 

the deuteron polarization was positive ( that is it had the same direction as 

the mag netic field), while in the second 3~ interval cycle deuteron polarization 

was negative ( that is opposite to the magnetic field). 

The values of <o / 1
0 

a(T+-T_l/(T++T_)Inobtained from these measurements 

are presented in fig.2 (here T + and T _ are the transmissions o f the deu

teron polarization parallel or antiparallel to the magnetic field in the deuteron 

target, respectively). Note that for the first cycle ( full points in fig.2) one has 

< •< 0 while for the second cycle ( open points) < •-<0 • The correction 11 ( </1 n l 

which was due to a difference in the counting rates of the monitor M2 for the 

two neutron spin . directions (fig. 2) was subtracted from the' first cycle data. 

This difference in the counting rates resulted from some drift of proton polarl..za.... 

tion. L"l the second cycle no such correction was required. 

As it can be seen from flg.2., the both detectors BC ( open and full eire-

les ) a nd LD ( open and full s quares) gave negative values of < o I In in both 

cycles. Check measurements with zero polarization in the deuteron target gave 

n o effect. 
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Before moking any con clusions one has to consider the effect of other 

non- zero spin nuclei of the deuteron target which get also polarized by the 

dynamic method. For small values of double tran.smisslqn effect (t0 /1 0 
«1) , 

one can obbin the following relation: 

( 1) 

are the number of nuclei per em 
2 

of the target, the 

polarization cross section and the polarization for i-nuclei, respectively; ¢> is 

the spin robtor efficiency ( 0,6 < </> < 1) • For a neutron energy E. ~ 1 eV, the 

polarization cross· section is given by the expression: 

0 
p 

• 4rr--
1

- (a
2 

21 + 1-
--:). ( 2) 

where I is the nuclear spin, a and a are the neutron scattering lengths for 
1 + :1 

tobl angular momenb I + / 2 and I - / 2 • respectively ( a_ e a 2 and a+ • a 
4 

for I• 1). Significant contributions to the sum in formula ( 1) are rrade only by 

:rJ4 
and La 

139
, The pertinent dab for these nuclei are presented in table 1, 

It follows from these data that the sign of the double transnission effect is de

fined by deuterium ( see bble 2), Consequently the observed negative sign of 

• 0 indicates the validity of set I of n- d scattering lengths, 

The lack of dab on spin dependence of neutron absorption in N
14 

and 

La
139 

precludes any definite conclusions from the observed energy dependence 

of t 0 , Measurements are under preparation to clarify this point. Now one can 

only note that the dependence observed is compatible with the expected change 

of • 0 for set I at a very low neutron energy, 

Basing on the experiments described we conclude that the correct set of 

n- d scattering lengths is the first one, in which the quartet scattering length is 

larger than the doublet one ( a 
4 

> a
2 

) , This result is in agreement with the 

expecbtions of the most of theoretical works/ 
2

/ an<;t does n o t confirm the 

arguments in ref/ 
3

/ , 

Using our results we can also derive the values of the deuteron polariza
d 

tion IN • 0,12 ..! 0,05 and - 0,07 z.. 0,03 obtained in the first a nd the second 

cycles 1 respectively, 
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Table 1. Relative contributions of H2, N14 and La139 to the 

double transmission effect. 

---·- ---·-r------r-- r ·-r· --
D~t' I d.fcL VL · 6'p, barn Yl.,~ p N YLcL (5'" P N Spin L N 

Nucleus - -rr (En~-ieV) I 1'\,J_ 
N Set I Set II ---·------ ----

H2 1 -1.68+0.04~set I) 
2.57!0.10 set II) 1 1 

Nl4 1 0.25 o.65!0.20a) -3.45±0.49 b) 0.))+0.11 -0.22!0.075 
--La139 7/2 1/24 2.25°) -J. 9:t2• 6 d.) O't 0.22+0.:).5 or -0.14+0.10 

4.2+2.9 -0.2,+0.16 0.15:£0.10 

---------- '-·---------· 
O't 

2 14 a) The ratio obtained by comparing the NMR signals of H and N • The dynamic polarization 
conditions were identical to those used 1n the first cycle of neutron measurements. 

b) The absolute value of Clp calculated using the data from refs.~'~. The sign of ~p 
follows from the fact that a negative energy J/2+ resonance level is responsible for 
most part of the slow neutron scattering cross section of N14 ~1 

c) Since the nuclear Zeeman splittings are about the same for B2 and La139 , their polarizat
ions are taken to be proportional to I+l as it follows from the simple theory for t <<1_ 

d) The absolute value of f.>p calculated using the data from refJ6l The sign of t>p N 
is unknown. 
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Fig, 2 , Double transmission effect </1. for p o larized deuteron 
target ( the upper part of the figure) and the c o rrection 

I'> (t/1 n) (the bottom part) versus neutron e n e rgy, 
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