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Recent papers™ have re-emphasized the need for an accurate determination

. 1 . . - : O o :
of the neutron-neutiua _So scattering length since comparison with the pp-
A . ’ 1 Ca - : ' s o
~and np scattering lengths, ap and anp’ provides a test of charge symmetry and
charge independence in the nucleon-nucleon interaction.

Several determinations of an have recevtly been reported -2 The reac-

A,

tions studied experlmentally fall into two categorles-“ (l) the reaction

T +d —»En*y, with only two SUrongly 1ateracting Uartlcles in the flnal state, and

(2) the reactions D(n ,p)2n and T(n d)2n whlch.have three partlcles that may in--

' ' L
~teract str ongly in the 11nal state. Lne most recent 1nvest1gat10n of the ﬂ +d

reaction has resulted in the preliminary_valﬁe,‘

where the sign was assumed and the error'introduced by the theoretical uncer-

. ..6 ' a :
tainties was not included in the quoted probable error. In contrast, analysect.

2,3

of the data from.the D(n ,p)2n reaotlons at Lu NeV have glven the values
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1

wnich are consistent within themselves but which do not agree with then “4d

N o . ; . L 2.
result. Finally, the T(n,d) 2n reaction has provided the value

)"J

ther the D(n,p) 2n nor the T(n,d) 2n spectra could be interpreted in terms.

7-9

of the finsl state heutron—neatron interaction alone.
Therefore, treatments were used that included inter actioﬁs with the third final‘
state partic_le5 or effects produced by the reaetion mechanism itself.5. The
discrepancies amohg the values obtaiped for'_an elearly indicate the need for
e'test of the.theory.used t0 determine 'an 'frem experiments other;than ﬁhatr"
”of neutron-neutron scattering. '
Welfeportvhereba defermination'of ”aﬁ bffom analy‘sis.:of-v?'He3 epectra
from the T(&,He’) 2n reaction. Also, triton spectra'were obtained from:the
mirrpr feac;ion HeB(d,T)Ep, Analysis'of these spectra for a'determinatidn ofv

"ap vach'is well establishedlo (ap-~ -7, 719 t O 008 F) from low energy broton-

J

proton ecatueang data, prov1des a dlrect teat.of the theory used %o deduce an{

The He (d,T) 2p reaction'has been.investigated by several groups,llﬁl6
and it has been shown that there is a good semlquantltatlve agreement between
the final- state interaction calculaulons and the measured trlton specbra.
. The T(d,HeB) 2n reactien_was_first studied-several years ago.;7.

The present experiﬁenf was'cafried out at the‘Be;keleyISB—iach variablee
energy cyclotron. The-T(d;HeB) 2n reaction was.studied at deuteron enefgiea.
(E.) of 32.5 and 40.2 MeV. The Heo spectra were obtaineaiwith a'reeolufien of
2LO keV at several laboratery an gles between’ 6 and 25 . The HeB(d,t) 2? was

studied at E. = 29.8 MeV (to mabch uhe quul otate CM’ energy of the prev1ous

o)

resction at 52.) MeV) with a resolution of lhO keV The experimental - tech-

nigues were essentially the same as desc:ibed,in an earliernpaper.

-
™.,
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ure 1(a) contains ths triton spectrum measured at a lavoratory

- . s vl S T . O e
angle of &7, and Fig. 1{v) exhibits the He” spectrum taken at 6 . The fitted

s

curves were calculated irom the VWatson-Migdal theory. AT these angles, no

effects of p-T or n-He” Tinal-state interactions were seen. It has been estab-

"~

Lished thz't both reactions proc. 4 chrouegh a direct reaction mechanism at small

11,1%,1L,17

[

angles, consistent with an £=0 nucleon transfer. The peripheral

nature of the reaction then implies a'small'oveflap of the outgoing T or He5

wave function with the wave function of the nucleon pair, and thus a suitable

description should be provided by a dominant'hucleon-nucleon final-state inter-

action.
In the studied rearrangementICOllisiong*the differential cross section

can be expressed as

Ao _2m o 2.,
Fa - R Vgilif} o(E) (1)
where Ti? is the transition matrix elemént and"p(E)"is_the phase space

o e . " g Fal E Eae rr\ _v. re T | . 3
factor. The genefal form of Tif Lf'M*iffisf‘%ffVi wi @T", where VI flS

the interaction causing the rearrangement. : For.the T(d,Hej)Qn reaction at |

small angles we can writé7=,, wf = Ypéj;¢R:er)(e;§{sinf6)/k;?’ ~and there#_
" fore : f v
-13_, : L -is, L
_e 77sin B sy T G e e “7sin B
Tif = & J F(l/ *He§ (/)R_; T Wy A= 0(9) % (2)
The term (& sin ®)/ k  comes in simply through the S-wave function of the -

ieutron palr in the final state, & 15 the 'singlet S-wave phase shift, ik is the

i




- - N , - . i . ool D
reletive nucieon-nucledn momoniws, Voo % lu o thie internal wave function of He”,
nes .
. N . N . o . 5 - N
and @, describes the relavive motion beivzen the Hoo nucleus and the neutron
pay . .
palr The Tunction g(@) depends on the reacilcn-wechanism, € being the CM
ansle of the opserved ovarticle {1 v
angle of the observed particle (l.e., He”)
— e / T 5\/\ . s 1 - ~
For the T{4d,He” )2n roaction we have uséd
2 Vi 2 2 ) x
I, 17 = e(e)] < (3)
if 2
' — _,_’ﬂ ( 1 s
2n m. a
n n
3
and for the He”(d,T)2p reaction
o 12 2 Gl T Ty
T, 17 = [e(6)] 5 T ) - (B
H 2/ v e LA Ll oihln) e o
¢ (n) Byt [- == - + v E, ]
_ 20 m a R . ‘pep
' P P : A 3
‘ S o
27 . : X . e .
vwhere C(n) = ———— , a_ is the scattering length, 1 = =— , /.
' CTM-1 7 P - B v 7

N - e, o S R g
a(n) = Re(T'(-1n)/T(-11)] - in 1, QRi='h?/mpe syn,=”§.l9lx.lollvMeV Loemtt

corresponding to an effective range. r, ;‘2 65331:yp = 3,40 x‘lQll MeV'; cmfl,'

and B, (E2p> is the relative nucleon-nucleon”energy. In both cases p(E) = &
V- wi/2 - . ' o 2 L L . R
CE / <Emax - E) / , where E 1is the CM energy. of the observed.particle with a

maximum value E . S S T

max - : ) : : . -
Using expressions (3) and (k) converted to the laboratory system with
the Jacobian transformation, we have obtained fits for the spectra of both
P 2 P el y le . 4 ’ wv T 4e
reactions. Experimental values for Ig(@)i were used and the instrumental res-
olution was foldsd in. The section of the spectrum of the He5(d,T)2p reaction

shown in Fig. 1{a) contains 21,798 events. It is roughly equivalent to the

section of the T(d,Hej)En spectrum shown in Fig. 1(b) (E

on = 0 t0 1.57 MeV) .
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“vhiich was used 1o extract a - From the He (d,T)2p reaction we obtained. for

?

) /J . ~ - 4 . -
11,268 events, the value

0,61
ap A‘—'— - {69-067 x

and for 21,798 events

o B . +o,39 i
%p o7 ('“l_o.hg F

. . 2 . . , NN s 3 . '
using a minimum X criterlon. The errors are the probable errors determined

from a normal X? distribution.  Calculations were also done‘with changes of

: all'experimental input parameteré; sucﬁlag:{g(Q)L2; Ea;‘and the enefgy.resdlu;}fv”
tion, within their respective_limﬁts of érréf,?;ndrno siénificanf changq; re- |
éulted'fof tﬁe scattering length. Tﬁe 0.5 F difference betweén the value,fqr'
21,798 evénts and the valuevobtained from‘préton-éréton scatfering_is still
within our probable error. B ) | . '

For the T(a,Heﬁ)en reaction at Ed ;;3?£55MéV ££é bés£.fit erLl7,782I: ,'
events yilelds R S o

i

a =-16.L £1.0F .
n .

I3

Also, the value of a is stable to within 0.2 F irrespective of the section

of the spectrum (up to B, = 1.57 MeV) employed for the‘fit. 4Even_though we
estimate from the comparison between our aé'?ééplﬁ and'itsAestablished value -

that 0.6 F is the upper limit of error due to theoretical uncertainties, we
consider this stability of a, to be a good indication that this error is in fact

smaller. A fit with a positive scatbtering length yilelded a = 8.4 £ 1.1 F..

(%



Sirnce our spectra were fitted over ar X
| 7 2
¥MeV in the neutron-neutron CM energy, we ware able © btai

effective range parameter T The wvalue used in n
4
then, for the best value a_ = - 161 ¥, wvaristion of r_-gave a best fit for
r =% + ] T )
. 5.2 1.6 F.
We have made a determination of the sign of a s assuming that in both
. H 2 X . /= N ) oy ) L. >. o
reactions |g(9)|" in expressions \j) and (¢) are the same to, within a few
percent. Then the neB(d,T)Ep reaction.can be used to ete*mlne [g(@ l which®

in turn can be used to predict the T(d, 3)2n absolute yleld for both signs

of ar} Fig. 2(a) contains he pe”tlnenu Dlotb,‘und it is seen that the com-
i N B
18] on with the experimental spectrum is consisteht_with the negative sign.

The spectrum caltulated with the positive scattering length does not include

N s 3,8 L I . ‘ . i v :
the contrloutlonj’ from the resuLt;ng bouna state. Thlsvcontrlbutlon would .
increase une dlscrenancy between tne calculauea and experlmental snectra. In

fact, a bound-state contribution glven by dc/aﬂ bo ng =

make 1t impossible to fit the shape of the measurea spectrum."This}inde-'

pendent evidence for negative a, would provide support for the assumption of

of . :
) | 2 . . Lo
near equlvalencé\zg(e){ for the mirror reactions.

Our determination of

a = -16.1 % 1.0 F
n . .

compares well with the 77 +d result and with the value -16.4 to -16.9 T predicted

T
py. Heller, Signelil and Yoder irom a
: ; g 5

o
nucleon interaction.

We wish to thank J. Menéghetti, J.vDownen, D.vLandis,_and R. Lothrop-

for their considerable assistance. with thc expcrlmenbal equlpment

= 0. b f(a %6/ dnar )aE would

on the basis of a charge symmetric nucleon-

«<
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FIGURE. CATTIONS
. o . o N o 3 ‘ o
Fig. 1(a) Triton spectrum at 8" lab of the resction He”(d,T)2p at 29.8 MeV

1

with vheoretical fits calculated for 11,268 ‘events and for 21,798 events.

The dots are ererllcﬁud] poinvs. 'The solid line 1is the bvest fit for 11,268 St
events with a_ = -7.69 F. dashed line-ia 't best it for 21;798 events -

with a_ = -7.41 F. . Tae dash-dot line is obtained with a_ = -6.90 ¥, for

13 . . . R TI . &

s

11,268 events, and the dash—double'do“

5 obtained with a, = —8-55 55

they indicate the sensitivity 0f tn“ Ve

‘Fig. 1(b). He?

idal curve to variation of ap;

-0

spectrum at & lab ofithelﬁ{ cvion T(d He )Eh at 32.5 MeV,with

" theoretical fits calculated for AT, '82 mvcntn.. The SOlld llne is the bast o ‘éﬁi

‘Tit for a = —16.1 F. The dashed linejis thained with a, = -lh OF and

the dash-dot line corresponds to aﬁ =

Fig: 2(a). He’ spectrum at 8° lab.of the react;on T(d He5)2n at 32.5 MeV

together with the theoretical fit for an';--l6.0 F, shown with solid line.

BN

The fit is consistent with the value deuervlned ;or the 6 spectrum. The-

dashed line is a prediction for aa = —16 O F u51n0 the ig 6)! determined

L

“

from the HeB(d T)2p reactlon, and he d A-dot line for a = Tl8 L F,

1

2(b). H35 spectrum at‘80 lab of tbéTreacf'dn'i(d,HeB)En at hQ.2 MeV '-

Fxf
i
(18}

together with the curve calculated for an7= —l6,0 F. It is consistent

with the value determined at 32.5 MeV.
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