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The ‘role of deuteron asymptotic D to S normalization ratio rlp on
the calculation of triton observables is imphasized. Studying the new
correlations among tritonm asympt:otic nomal-iéations and le we make a
new estimate of triton asymptotic normalizations CS and CD:

. P
-1.85+ e o= 5 2 Gl
G =1.85%0.04, " ¢ /C 0.0463_0.00¥3, for ¥) =0.0271 (4), and €y /0o

“1.73f0.04.
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A strong correlation among the three-nucleon- low-energy observa—

bles - especially among the spin doublet neutron deuteron (n—d) scat~
tering length Za nd and the triton bmdmg energy E'T’ - wa‘s" fir"st

pointed out explicitly by Ph1111ps El] r.hough the ploneerlng

calculation by Aaron, Amado, and Yam I:Z:I indicated such. a . trend. Such-
correlatlons have greét practical 1mpnrtam:e in that they have: proved
to he very useful in predicting experimental values of yet urmeasured
observables or in confirming or refining knoﬁ expéri;lzenta.l 'qt-.\anti-
ties. For example, Phillips []3 suggested the.correct experimental va-
lue of %a o studying such correlations which was later confirmed expe-
valie of
rlmentally [3]. Recently, the Los Alamos group [&3 suggested the spxn
doublet proton deuteron (p.d) scattering length s A_wluch contradlcts
the existing experlmental va.lues [5] The value of S wave asy-mptotlc
normalization C_ of triton was suggested by GJ.rard and' Fuda [6] from a

5

study of its variation w1th Eq,us:l.ng the partial wave dispersion zela-

~value of
tions. Mol"e recently, Ishikawa and Sasakawa [73 predicted the trxton
asymptotic D to S nomal}zatwn ratlo'rt from a study of 1ts variatien .
with E’I’"

The correct approach for predicting such experimental values  of
triton is the following. First, one has to find out ali relevant inde-
pender-lt few nuclecn observables on wh'ic'h,g particular "unkm.)wn" triton
observable is sensitive. ‘in a realistic calculation. When 2 f?iy'na'mica}.
model caleulation yields the correct experimental values of these fe§
nucleon observables it is expectled to yield the c'orrect "expérimental“
value of the unknown triton observable. For example, the B.wave dis-
persion model ef Girard and Fuda Bﬂ suggescs that the S wave triton
asymptotic normalization C. be a function of Eq:and iaﬂd: Then by

5

foreing their moodel to yield the correct E"i’" and ""'a_ﬂ{ they predicted




the __'.';ex.periﬁxe_ntal_” value of CS : C;'—'l.SIZIO.DB. The triton asymptotic D

5

‘to' S normalizacion ratie \‘]T’, for reasons discussed later, seems to be

. );,ns:e'ﬁsi.tive ‘to- che éx_acc._valué.of 2'éml {(within the width of zand,--E

: .;?Ihi']_.]:iééf'.plot)'-.aud only sensitive to ET. Using this simple correlatiom

a:'i.'a-',E;;r;-tecenEly Ishikawa: and: Sasakawa [7] predicted the "ex-

perlme 'tal“ value of'v‘ T—O 0432*'0 0015, which is close to the expe-

timcgnt_al_-_e,st-imates} [8} .
"It has- 5éen_ sdggésted by K?;.fn-and Tubtis k1 that triton asymptotic
' norx-na]._i_z'a"t_i_on; ﬁafametérs;_% :and CD shq_u_ld_- be given theK_same importance

,.as_,othgr tr_ito_h obse_fvab_Les s, such:as, . binding energy: ET’ quadrupole

’ moment,, magr_:é_tih_ moment etcy, i,n any trinucleon calculation. This is

why i:he- 'cbf-rect expenmental“ value of CS' and C:Dl or a-lternatively of

CS} and 'r’T appears to be very lmportant from a theoretlcal standpoint.

here o we., reexamlae Ehe correlatlons among CS and CD and. other
__f_e_w.'-‘ nuclgon obser.vables, _fro_m wl_uch we make a new estimate of CS and

. CD In par.l:ir;ular w.a—;hm.d'. ;hét ..a correct representation of deuteron
a-:_s.y_'mpt_ot.ic .normaliz-a.tit_ms i;s‘iss_aqutant in addition to other few nu—
cleon observables. for a precise evaluation of CS and CD. The works of
Gn-ard and Fuda [6} and of Ishlkawa and . Sasakawa [ﬂ do nrot have the
cprrgct __lnformatlon_ ab_c_;ul: deut_eron asymp_totlc normalization built into
. tﬁéié ,ﬁééél.. ﬁe . suggést"new c.orre.]..:;ati_on a_méng deuterc;n_ é,nct triten
' 2 T

asymptotlc D to § normal:.zat:.on ratios -r! and 71. from which we makenew
esr.m:ates abour_ CS and Cj) for .t.rlton which are. expected to. be more
..preclse .l:han prev.wu.s es..l.:-zmates..

Nucleonfnu_cleon tensor force and the deuteron I state has been
.‘_-e's.-s-_e-#tia]_ }.n preoduciag the elec_tric quadrupole moment and refining the

) '\}'a'iu_é. of magnetic dipole moment, which are considered to be basic

deuteron properties. Any realistic nucleon nucleon interaction to be

.commented that. Pg

used in trinucleon 'calcula.tion must have the correct  deuteron
properties built in, in a&dition to the cn—sh.ell_ properties cf. the
singlet state. Will the trinucleon observables - especially C.S and CED—.'
be sensitive to ény spcific property of deuteron D state besi&_e—s' those

informations. about deuteron D state which are contained in deuteron: abser-

vables? The _study- of Gibson and. Lehman Ci{)]suggest_s- that this speci.f.'ic..

property is. deuteron D wave percentage PD v_:hich'_shoi:id be. .c_onsider_ed_
impertant in a tritom calculation. They studied: the_cor.rel_ar.:ion amon.g,
C5 {(and Cj}) and PD which should be censidered imp?rtant fof predicting a
prec'ise value of CS and CD of triton. . .
The -deutercn D state _p;obability PD has been considered to be an
important propérty of deuterbn eversince the D state was  introduced
and until very recently when Amade and collaborators [11:] have
b should not be considered an ab;érvable of the
deuteron. Because of.. theoretical difficulties [:l]:_l ne exper'imen.t,.
however. accurate, will ever be abl_é to- £ix the wvalue of P . A
theooretical c,alculat.ion of -PD will be model dependent as it will be
sensitive to the deuteron wave function in the imterior region. Thus a
classification of tritom properties as a function of PD will be model
dependent and a study of correlation among CSI (and C Yand P as has

% )

been done in ref.[l(ﬁ will yield medel dependent. result for CS and CD

everr if the "correct™ value of B is known. To make matters worse

. there is no hope for determining I:‘D correctly. Amado and collaborators

have suggested that 13.’ should not be given the status it has enjoyed
and have suggested that it is the deuterchn asymptotic D to § normali-

. . .D . .
zation ratio -rl which should be given the "experimental" status of a

single quantity to "measure" the D state. Analysis of experimental

-



data leads to a precise value of 'rlD: 'ri)=0.0271 (4} [12] So if certain -

- Lo D
triton observable 1s sensitive to the value of'rl apart from other few
nucleon cbservables one has to have the correct value of'r[ built in a
model in order to make a model independent estimate of the particular
triton observable. We shall see that triton asymptotic normalization

. . . D " .
parameters -are semsitive to g and this fact should be remembered

while making model independent estimates for trifom asymptotic norma—

lizations.
Though we use results of realistic calculations to extract the

values of Csrand CD’ in order to understand the dependence of CS and

D

g ) : . 1, 3
prefomed-Faddeev calculation with separable 'SO and Si_ D1 interac-

tion with Yamaguchl D.’ﬂ form factors. In our calculation we always.

_keep triplet dc_e_u.teron patameters b de_ut'eron binding, triplet
scattering length s and electric quadrupole moment - fixed. ;Wé'keep
the prm}ision of varying thesinglet effective range i‘d ‘and scattering
‘length aa We use aG=—17.0 fm and -23.7 fm to simulate neutron-neutron
and the. proton-neutron systems, respectively. The variation of L is
m(‘:}tiVE‘ltEd in order .to anderstand the origin of certain low energy
(:(.).rrel..ations better. We shall comment on this variation .i.n appropriate
piéce. Apart from . this flexibility our model is very similar to that
of ref. [10] . - The model uses, deuteron binding_énergy ED=2'.225 MeV,

..La.l=5.42ﬁ fin, deuteron. quadrupole mqrgeﬁt 0.2859 fm . .

be given the scatus -.cf a single'_experiﬁleﬁtal_- q.uanr.itj_r to "measure" the
triton D- ..sta_te. The triton D state appéars im 3 model ‘only when we

include a tensor 51 - .nucleon—nucleon intera¢tion which produces a

1

. D'wave componznt for the deuteron. The single.quantity which measures

w

C.. on two nucleon {particularly -rl ) and three nucleon proprties we -

Tt is ndturally suggested that ‘triton asymptotic D. to 8 ratio- 'r[

the deuteron D state is the asymptotic quantity § . In any model where
D .o T c . T :
1q =0, " automatically 73 =0. 5o it is intutively expected that.ﬁ L wiil
be sensitive to the value of q - In order.to study this sensitivity: ina
our model, we varied £ in a controlied way keeping - the. detiteron
parameters and 24 fixed, such that our model aiways'pfodqées.ﬁhé-expe-
rimental triton binding energy of 8.48 MeV. We plotted the . fesulting
7 versug n.. in fig.1 which gives a linear plot passing through .the
B T_ . S Do e DT
origin-q "Q'—D. As the relevant values-ofo'q are-small and-as.g.=q.=0
is a point on the correlation, it is intutively expeétéd'thaf in. .the

lowest order of approximation the r; -:E correlatxon is lipear. \'Ehe

calculated  points had values. af rf ranging from 0. 025 t:o' 0:030° in

steps of 0. 001). -We also calculated the neutron—deuteron' stattering

a ‘{ for -these. pomts. The Vanatlon of. T in tne Tange 1.8 fm

length- '2

to 3.6 fm generated small variation in the value of ai whlch
c'ontriﬁutes to the width of Phillips: plot at''a f].xed energy. S we

conclude from fig.1 that keeping deuteron proprtles,' aud ET - flxed

.‘30-

D
if we vary L) r} varies }.:Lnearly with ‘} , 8and’is Lnsen51t1ve to small
variations of za nd This conclusion. w1}_1 be- conflrmeu in the plot of

figi2, which is in part motivated by thls-concluslon}_' So:aﬂy'_atr.'empt

of theoretical evaluation of § must take .into consideratiom: the
correct value of § - 9 being an asymptotic obgervablésis. expected to
be insensitive to the interior part of tritom wave function and hence

2 . . . L £ y

to a-,,u; except  ‘the information - about’ a3ﬂ'1.-4_

which is  indirectly

contained in E_.

" Motivated by the 'above conclusion .w_e'-'p_l.o'tf'in fig.2 n

ET We not-only plot results of ‘our Calct’:‘lat.ibh's::-for ‘&.==17.0:fw'":and '

a.=-23.7 fm by varying both fr, ar’:d--'ql}' bu’t-_*a‘l‘sé-.c"sf .x_"a:ri'nﬁ"s'_iréé‘i'_is.ti.c
w - : - : I

calculations I:Iv‘ , 14, 153 of other authors using - sophiiticatéd: nucleon




r . -
nucleon’ - porentials with and without three nucleon force. Our results

wi.r.h--ao=—_17.0 and -~21.7 fm.£all on two straight lines and the calcula-

tion - of Gibson and Lehman [1g] for ao='—_16.85.‘ fm coincides with our
caleulation with'ao#—.l?.ﬂ fm.. We see that all the calculaticns fall on

. . . I
a2 very. narrow band. In our calculation we have .v_ar:.g_d_ r and :] .

0

Varistion of Ty arround. r°=2.8. fm- generates .the width of ET—- zam{ Phil-

lips plot. r{r,' as expected, seems to be completely insensitive to

variations - in Tq and associated variationsof am{.. From. the plot of

fig;z. we can easily read off . the correct value of ér/qp consistent
with Ef=8.43 MeV: ér/4D=1.71t0.04. Using the experimen£a1 value of qD
{=0.0271 (4&)) [ii}, one easily obtains .our theoretical estimate for
5 : .=0.0463£0.0013. |
Ishikawa and Sasakawa.plut;gd.ﬁt versus ET, In so doing they.
generated a coorrelation of larger width as the effect of variation:of
ﬁp,of_various model nucleon nucleon imteractions used in their calcu-
lation.was not compensated. As the .two nucleon forces they used had a
.qD smaller than the experimental value.a neglect of correction due to
iD resulted in a smaller ﬁr:ﬁr=0.0432i0.0015 [7]. #lso it seems. that
their prediction. of dT is lower than that given by the average
sgraight line one can plot near,ETFS.AS MeV. The present value is in
better agreement with the experimental wvalues: dr=0.&810.007 ~and
U.OS]iUﬁUSi}i]? than that of Ishikawa and Sasakawa. This is clearly
exhibited in fig.2. The point marked IS is Ishikawa and BSasakawa s
estimate of %T/ﬂb using their estimate Pf qf and the experimental
vatue of ﬁb [}2}. This point lies clearly outside the band of fig.z,
through ;he calculated points of Ishikéwa and Sasakawa fall perfectly
in the band. At this point we note that they {i] also modified the
three nucleon force artificially to produce the coorrect E

. ?his ar—

bitrary modification of the three nucleon potential (by adding a term
called W.} possibly destroys the low energy correlations to some |
extent and generates points which fall outside the mnarrow band of
fig.? and which lead to a somewhat lower value of ﬂr. We do not show
. H :
these points in fig.2.
he . T : 11, - ) m
Once we have determined f 1in a model independent”  manner . we:

would like to determime the yalueSof 95 and C_ separately. For this

L
b . - s e
purpose we. plot qDﬁW.' Versus ET.ln fig.3, Results of realistic

: D
calculations are taken from refs. [7,14,15]. In this case qu—q plot

at a fixed E_ does not lead to-a straight line as im fig.l. However,

T
in the lowest. order of approximatipn this plot can again be considered

- D
lirear passing through the origin 93=ﬂ =0; as q?%O, Cﬂﬂo. Hence the

1

leqp versus E1_ plot as shown im fig.3 is expected to be less

sensitive (but oot completely: insensitive) to qD. This means, in other

: . . e o
words, that Cs_wlll have some sensitivity to the correct value of g
which is not implicitly contained in the correct value of ET and zaﬂ&,
and which was not considered im ref.[G]. In order to eliminate. 'the

effect of variation of 13 on CD/qD (at a fixed ET)' in fig.3 we only.

'vary.ro keeping qD constant in the present separable potential model.

If we vary QD too much we generate points which fall outside the bgnd.
of fig.3. ({(But in éig,Z we varied both qD and T, and %eugtated pgiéts
which fall inside the band. . The reason is that 4r/ﬁ? is not_sensitive
to variation of-qD whén.ET_is held fixéd)i We, however, ‘expect that
the (CD/qD—ET) correlatioq be less universal than the (qT/qD&E?) cor—
relation and be more sensitive to other trinucleon observables, such
as, for example, iaﬁi’ This is cbvious from fig.3 whick leads to a
plot of larger width than fig.2. To predict éhe exact value of QD[WD

one has to use calculaticns which. preduce the correct value of ‘anif



The present separable model calculation produces the correct 2 nd
‘This fact has been used to reduce the error of Ci.:lz“D obtained from
fig.3. TFrom the plots we extract the "experimental™ value qf C_D/ri'a
32.16%0.02, or Cj>=0.035630.002. This result together with our estimate
for r}T yields Cs¥1.8510.0&. Th'}s is slig_'htl‘:‘ kigher than that of
Girard gnd Fuda {6} Girard and Fuda did not have the correct riD built
into th:eir model, consequently they obtained Cs=l.82i0.03. - The fact
that they had the correct zam:l. and Ep already included jsom‘_:-.‘ effect of
1'13 in their result. The difference between our result for C-S'_ an'ci. .t'h:e.:_t
of Girard and Fuda should, in part, be attributed to the correlation
' D L . '

between Cp/q and n at a fixed value of E..

In. concl.us-ion, we have studied new cofrelations’ between triton

and deuteron asymptotic normalization parameters. These correlations

are important for making theoretical estimates about triteon asymptotic

nbxmali'zation. 'pafamé-ters. ‘For -the. first-timer ‘in. this letter we take
into con31derat10n the effect of these correlatlons in extraction of
""-tr-lton 'asymptot'lc nprma_l-xzat‘:_l.on's- Our flndlngs -

¢, = 1.85£0.04, Cp=0 :0856+0.002,

cand
g =.0.0463%10.0013,

- D .
— l:ake into account ‘the- correct value of ET and T s and’ .are
shghtly different from earl).er theoret}.cai estimates [6, 7} The value

of n is in good agreement with experimental results of refs: [8}
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T D . . X
LR .correlation- at  a fixed ET=8.'48 MeV . using . the  present:
separable potential model for a0=—17 fm and - =-23.7fm. :We vary. .
g ©9@ generate. the points .which lie on: the: straight: ‘lines.

passing. through ‘the origin-as shown.in figure:

3 /rt -E_i_ cofrelation. The . straigh'r..: lines- are generatéd by

varying . both I and g in the presemt separdble potential model

for a0=—17 fm and- =-=23.7 fmy The open.circles are.from rgf.[?]',

full circles from ref. [15]; triangles from ref.]14], the point
marked IS is the estimate of ref:[7] and' the pointe marked E.are.

exprimental results of ref.[8].

D ; ' .
CD-[I]- .—E.i_- correlatlon.- ‘The:. - full.: straxght line is: generatad byl
varying L with :} =0.027 in the present: separable model for both
ao——l':' fm.and '=-23.7 fm. The open. cn-cles are: from ref: {7} full

circles from ref. [15] and trxagles from: ref- [14]
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