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; . " “ : R T o The importance of three-body forces for trinucleon

ow T:HE S-WAVE COMPONENT OF THE TWO-PION .. . ) . systems is becoming well established nowadays. Indeed, it is hoped
'gEXCHANGE'THREE-NUCLEON FORCE®*, ‘ . ... that these forces can account for the differences between experimental

values of trinucleon observables and those caleulated by -means of

M.R. Robilotta . - ) N ' ' two-nucleon poteﬁtials(l),

- Instituto de Fisica - Universidade de S3o Paulo, Erazil

In this work we examine two particulayr

aspects of the two-pion exchange three-body force (=+E-3BF). First,
i

P M.P. Isidro Filho . . we show that =N scattering lengths are not a reliable input f?r
Instituto de Estudos Avancado*-—Centro Técnico Aerospacial,Brazil . . constructing the potential. Second, we érgue that the presence of .
‘ ) spurious terms associated with the use of form-factors can alter
‘H.T. Coelho . . o . :
: . " completely the most important features of the potential,

Departamento de Fisica - Universidade Federal de Pernanmhco, Brazil . (2}
. . B 8ince the ploneering work of Fujita and Miyazawa it

_ T.K. bag . C o ‘ +  has béén realized that this force contained terms originated Erémi
Departmentéof Physics - University of Burdwan, India 'both s and p waves in the intermediate »N¥ amplitude. The strength
I . . . ' of the s wave component of the three-nuclecn force (w } was

. orlginally assumed to be proportional to the isospin even =N
ABSTRACT scattering length,which is-rather small. This way of treating the
. ’ ‘problem inaugurated a tradition where the terms of the force due to
A critical assessment of the role of the pion-nucleon . ' P waves were considered to be largely dominant. This tradition

' lasted until the derivation of the Tucson potentiaitz), where the

form~factor in the two-pion exchange three-body forece shows that

its s-wave component is mostly reoulsive, ’ : - : contribﬁtions of intermediate s and p waves were shown to be

. comparable. This change took place because in that work the =N

émplitudelhas been treated by means of chiral symmetry, ensuring

that it was suitable for describing off-shell pilons., This is a

PACS numbers: 21.30+y ’ 21,40+a crucial point, as we discuss below. ' . '
The re;at1vistic amplitude for the process

. . ' 7 - o : (k)N(p) + 5 (k )N(p } can be written as

32 - Fpn) [m* » BEL 5ys

TR L0 SR .
N b * .(A + bacTt c]U(‘D) (1)

a
: : * - ' - :
where A and B .can be determined from experiment and depend on

4

2 .
* ‘ : : ’ the variables v={k+k').{p+p'}/4m and t=(k-k'} . Some combinations
Work supported by FAPESP and GNPg, Brazilian Agencies, ' s b

_of AT and B™ are of particular interest. Here we consider the
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‘ampiitude‘c¥,.that is reiated.to'the isospin symmetric N scattering
length, the 7N o-term and the s wave nrE-3BF. It is defined as
Ccte,t) = AT, 4 Bty 0 /(0-tamt) . :
Among the various contributions to T b is that of a
"nucleon propagating forward in time, which must not be included in
the rnE-3BF,since it corresponds to an iteration of the two-body
potential. The subtraction of this’ contribution is denoted by the
symbol {~) on top of the appropriate quantity. 013persion relations
can be used to extrapolate the amplitudes A ' B+ and C+ to reglons
below threshold, where they cai be expanded as a pover series of

{4)

v and ¢ . The expansion of & s fox- instance, is given by

&t v, t)-z; i3 v2L £3, The coefficients needed in this work have

to=-1.50 v, ¢ =114 73,

the following experimental values( ): c
clonl 12 ¢ 3, coz—o 036 u 5, c20—0.200 » 5,where " is the plon mass,
At thresheld, where veu and t=0, the amplitude ct is

related to the isospin even scattering length by

._a: = 4w(m+u} i = 4.11(m+u) (- 97417n"—+c°’ = W (—35“1—+c”+c1', uts clout) @
" The term.proportional to g2 is the nucleon-pole contribution, .
The rN process corresponding to the TrE-3BF, on the .

- other hand, is characterized by different values of the kinematical
variables, whose orders of magnitude are the following(3’é'7)

[kl |x l~|p] ~p* | ~ w. Po - Py ~ m, lkol lkOI" w2/m. Hence we have
"y o~ u2/m, t - w2 and the "non-relativistic" value of C¥ is given by
E;r— chy - P (k2+k'2-2k.k ). The s wave contribution in the
intermediate 7N system comes from the function E:= c:o - ct,(i2+f'2),
which is very different'from that employedin eq.§2). First{ because
it does not include the nucleon contribution; secondf because it
corresponds to another combination of the.expansion coefficients
cIj. Therefore the smallness of the isospin symmetrit =N scattering

length cannot be taken as an inaioation_that the contribution of

§ waves to the wnvE-3BF is correspondingly small.-In refs. (3,7}

.4,

{ chiral simmetry has been used to establish theoretically the values

of the coefficients Cog and Col-

The function L the s were.component of the »rE-3BF,

~is obtained by evaluating the permutations of the Feynman diagram

depicted in fig.l, where the definitions of the kinermatjcal
variables can be found. This calculation has been done in refs (3 7)
and will not be reproduced here. We just quote the result in

momentum space
W7 e g AR @) g0 )E:oo-cuu-—.z k")]—L—~3— ()
K2ep? R +u? :

3 are reséectively the isospin and

In this expression t' Pt

and 3
the spin operators acting on mucleon i , whereas g represéhts the
nN couplinq congtant. The potential in mementum space ¢an be

rewritten as

W2t g - —1,- (?“’.?“))(3(” 3] (o“)k') Ec,,;Zu’cfn) :3“' T.&_ ’
5 4m . - B2eyu? k"fuz @
- th (9"""9—"' —LQ)J . L .
L TLI 4 +uf : Lo

The next step towards the final form of Wy consists in

. the evaluvation of the Fourier transform of this equation. Eefore

doing this, however, it is convenient to intreduce =N form factors;
in order to ensure that the_exoressions in configuration space do

not diverge when the internucleon distances vanish, From a formal
point of view, this can be done by allowing the couglino constant

to become momentum dependent: g.+ g(k2) = g G(k?); where the function
& 16 such that G(u2)=1,Tt is worth pointing out that this way of
introduecing form facteors is hot prescribed by chiral symmetrj.‘
Rather, it corresponds to phenomenological corrections to the

results obtained through the use of this symmetry. i

The potential in configuration spaee is given by
23 _ +[2) +(=) +(2} +(3) =,
Wi %] &) AR NE LS _. |
. 2ot " S s
* {(cm1 +2uCo, NU{E)TIr'} ~ p2o, [G(e)U{r'} +U(riG(r*} S
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in'this expression the functions Ulx) ané G(x) are,respectively,
' the Fourier transforms of (4x/u) E(k?2)/(X2+u2) ana (4ﬂ/u3} T (k2)..
The Eunction G(r) corresponds to a nucleon that is not
point-like, since it is proportional to the Fourier transform of
the form factor. In the remainder of this work we will be mostly
concerned with its role in practiCal calculations, as well as with

its physical significance., For the purpose of the present discussicn

we consider the fellowing definite form{6'7'a): §(k2)=(A2—u2/A2-K2)2.

In order to illustrate the importance of G{r) for the
triruclean system, we display in iig.z the equipdtential plots for
© the expectation value of ws between totally antisymmetric spin and

isospin states, that is given by

z z .
Wlis w o {%%] [é%] p? eos(¥,r') =

ar u _or' ETI ¥ u ar

- {(c:n L 2utet) %_m__r)_l_t_L;:'_)__ uieh, [t 3G(r) 130" 1 aU(r) 13_@3.—;_)_]}
Following the work of Brandenburg and Gldckle(s), we
construct these diagrams by fixing the.positions of two nueleons
and using the third cne as-a probe..¥We cénsider the fixed )
internucleon distance to be x=0,88 fm, corresponding to the .
minimum of the two-hody potential, and adopts the value A=5 fm"l.
The plot of fig,2a descrihes the full potential, given by eq. (6),
whereas in fig Z2b the function G(r) has been set equal to zero.
These plots are strikingly different, Thit fact is unexpected, y )
since form factors should correspond to short distance effects, but
in this case they determine the shape of the potential, Inspecting
the diagrams we note that the potential of fig.2a favours the
triangular configuration. whereas that of fig.2b has much less
structure and is mostly repulsive. These features have definite

consequences for the trinucleon binding energy. In table 1 we

. display the values of the eontribution of ws to the binding

(6)

.hermonic method

6, L .

‘ energy of *H and ’He, evaluated by meaiis of the hyperspherical

(9'7). In this calculation we have considered only

the fully symmetric s wave greund state, since we are mestly
interested in the gqualitative features of the problem,

The importance of Glr) for hs can also be determined
directly form eq. (6}..The coefficients cto and c§1 are of the same
order of magnitude and hence the contribution of G(r) relative.to
that of U{r) can be studied by means of the function

R(x}= 1n{|36/3x}/]3U/3r|). The plot of this function is shown in

fig.3, where we note that the influence of the form factor is not

confined to small internucleon distances,

. The preceding discussicons show that thes function G(r)
determines the most important features of Wy and that its _
influences extend far beyond the small distance region, ‘where they
should vemain confined to., These results are even more disturbing
when we remind ourselves that form factors correspond to corrections
of the amplitude in the region of high momenta., For instance, in the

parametrization of G(K?) used.in this work we have ‘kK2/p2. u?/m2.

1/50. On the other hand, the form of w§3 éiven by eg.(5) has been
derived under the assumption that the nucleons are non~relativistic,
Thus the .effects introduced by form factors are , in principle,
of the same order of magnitude as others neglected throughout the
calculation of W e That relativistic corrections dominate Ws is a
clear indication of an inconsistency.

When form factors are not introduced into the problem,
the function G is given by Glr)=(4n/p3) §3(¥). This expression

shows that the terms proportional to Gir} in eq. {5) represent

‘contact interactions between two nucleons, corresponding to

. permutations of the diagram of ‘ig.4a. In this figure the o has

been represented as a propagating particle for the sake of clarity.
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In fact, it corresponds to-a contact interaction, that can be <
formally obtained by ascribing a very.large mass to the o.
when we consider form factors, the function Eiia)is not
equal to one and we have"contact" interactions between extended
objects. In ordexr to make this statement more_ precise, we consider

the dynamical content of the nN form factor. Wwithin the context of

© the chiral SU(Z)xSﬁ(Z) group,it corresponds to diagrams such as

.

those of f‘g 4b. So. by vcontac:" interactions between extended
objects we mean the processes represented in fig.ﬁc. .
The inclusion of the function G{r} in the potential means )

that one is considexing forces thatdo not correspooﬂ to the N
Erogagation of two pions. This procedure poses various problems.
For instance, the dynamicul content of form factors used in practical
oalculations is usually hidden behind 2 parametrization. This makes
it difficult to understand which are the Feynman diagrams one is
including in ones calculation. Of course, diagrams such as those
depicted in fig.dc should be evaluated at some stage of the
research program on three body forces. However, thelr inclusion.
should be the result of explicit caloulations, using an approp;iate
dynamics such as chiral symmetry. Moreover, in this research
program, the study of many other processes such qs.pion-rho.rho-rho,
pion-omega, three—pion exchanges should precede those of fig.dc,
gince they correspond to forces of shorter range. The introduction‘
of dynamical effects_through the use of G(r) is problematic in yeth
another sense. The function G{r) describes *contact" ineeractions
between nucleons tha are not point-like. However, these "contact"”
interactions are prevented by the short dlstance repulsion between
nucleons and hence their effects are expected not to be large.

. In conclusion, the three-body potential W_. given by .
eq. {5}, is compoeed of two types of terms. one of them, containing

the Fourier transform of the form factor, describes a "contact"

interaction between two of the nucleons and the propagation of

.8,

jesr one’oion.-The other one, containig only functions Uj corresponds

" to the propagation of two plons. The considerations produced in this

. work show that only t»= latter can be interpreted as a wxE~3BF. Thus

the s wave component of the three-body potential can be written as

e : . . _
Wit = =2 @) 30y g 5 I v _ )
u .

wheze €= (gu/Zm)ztl/Aﬁw)2 u? (Cpp + 2u2 Col)- When the experimental
resilts of ref.(5) are used, we obtain the following value for the
strength parameter- =(0 ¢ato.08) Mev. This value is different from
the corresponding ones in refs.(3) and {7) because those worke are
based on expansions of the amplitude ¢ (u,t):containing onhly texms
linear in t. In this case the =N o-term, defined by toe relation
o-f2 &*(0,2u2), can be written as u=f2 (c00+2u2c;;5 and ¢ becomes
proportional te ag. On the other hand, the data of ref.(5) show ‘that
a more preécise expression l1s o=£2 (coo+2u2c01+4u“cuz), showing that
the proportionality between C5 and o is just an approximate one.

The results presented in this work show that the s wave
component of the three-body force due to the exchange of two oions
{s mostly repulsive. This means that it tends to increase the gap
between experimental and two body force calculations of trinucleon

properties. Unfortunately.
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TABLE 1

Influence of G(r) on trinucieon binding energy

o

Nucleus Potential <ws> (eq..ﬂrﬂ)) A BE {(MeV)
+0,612
i
G(r} = Gi{r') = 0 © =0.151
+0.592
‘He
G{xr) = G{r") =0 -0,146"

B

rig.l - Feynman diagrams corresponding to ﬁd‘.

Ytima Yo § .
1 : LS '
0,
o
s & /
(\ / . )
%, _
T, - S -
—-.o°°\\";" a : \“o/
—200.., core N M
! .
o i Xunr 9 Nevmp

Fig.? - Equipotential plots for Woe miven by eq.(6); a - full
equation; b = Gir}an. Energies in m\'.dhtinu- in fa; conventions

are those of ref.(6}.

Fig.3 = The direct influence of the form factor.
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Fig.4 - The fogntact™ interaction between extended nuclesne. RUcleons,
deltas,pions,rhos and s’igmas are represented respectively by full,

thick, broken, wavy and double lines.




