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ABSTRACT

In this work we argue that the two-~pion. exchangae
three~nucleon potentiai obtained by means of chiral symmetry‘
"~ has to be modified in order to allow reliable results to be

" obtained from realistic'caiculations. We do this'by discussing

' the main ideas used in the construction of the potential for the .

h case of point-like nucleons. The relevapce,of ghiral eymmetry

is shown'to be 1ndependent on whether it is implenented by means

of cutrent algebra or effective Lagrangians. ﬁe argue that the
inclusicn of form factors into the potential distorts its form
1n a‘rather'large region around the qrigin, violating our

expectation that it should juet preduce mndificatiens at_small

internucleon distances. The'cause of thig peculiar behaviour

is traced back to a term in the potential that becomes a G-Eunef

tion in the absence of form factors and whiéh can be interpreted
as a "contact® interaction hetween exttended nucleone. The
'taming of the two-pion exchange three-nucleon potential 1s
achieved by redefining it in such a way as to exclude contact .

interactlons. - i

" 1. INTRODUCTION

-energy calculated by means of the Paris

o The two-pion exchanqe three-nucleon potential

(nwE—3NPI has 1n£1uence over hoth static and dynamic properties -

‘of trinuclei. For instance, several recent ealculations_have
" shown that this.potential can account for the difference of
" about 1.5 MeV,; bhetween the measured binding energies of 38

l and ’He and the corresponding values calculated by means of

(1,2)

realisfic nucleon-nucleon potentiale - The dominant

o attractive nature of the 1RE-3NP c¢an also he felt into the

‘electric and magnetie form factors of trinuclei, in the region :
around the first minimum‘1 2}
An interesting feature of the calculations that
include the wwE-3INP .is their extreme sensitivity to the wN
form factors embodied into the potential; For‘instance, chen,.
Friar,’ Gibson and Payne(3) have studied the triton by means of
"the Reid“' two—nucleon interaction and the 'I‘ucscm--l'*lelhr;am:ne‘5 6?_7 '
C{TM) three-nucleon potential° in their work we learn that the .
. calculated binding energy becomes 7 46 Mev, 8.86 MeV or 11 16 MeV
when the cutoff parameter of the ™R form factor is respec-_
“tively 575 MeV, 800 MeV or 1000 MeV. Also, .dn a work by -

(N

Ishikawa and Sasakawa -1 change of the cutoff parameter from -

700 MeV to 800 MeV is-regorted to shift the triton binding

) and TM potentials ---

fram 8.32 MeV to_§.18 MeV. 'This sort of behaviour is clearly

problematic, since 1t does. not allow stable conclusions to be
drawn concernind the role of the WEE-~3NP in a given physical
process. We have recently shown that this sensitivity to forad

factors can be traeed hack to terms in the potential which can'
{9,10)

be 1nterpreted as contact 1nteractions between nucleons
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to exclude the former.

. confusion among readers.

-the taming of the

{see section 4.1 for details}.

" appiied to the work of BSmelburg

- 1.24 Mev.

.3.

We have also argued that this problem is not present in two

alternative versions of the nnE—3NP P which exclude part(9 11)

or, 311{10) of these contact interactions.

However, our ideas about the proolem have had a - -

_piecemeal'development, through a series of works where aspects

‘:regarding both the form of the potential and its application

were tackled at the same time. During this process we have

produced two alternative versions of the wnE—aﬁp-, 'one in,'”

"H1983‘", and the other in l985(10’, the latter being supposed

Clearly, this situation may promote
In order to remedy it, we present
here a summary of our argumentation concerning thel nnE—BNP,
setting earlier developments into en unified conceptual frame-
vork.

The main motivation for this work is to argue that

wME~-3NP , needed in order to-allow reliable

'results to be produced in realistic calculations, gumesthnmgh'.

the redefinition procedure proposed in ref. (10) . An evidence

of the possible numerical consequences of this redefinition is
produced by the fact that results obtaihed by means of the °IM
potential are rather diffe;ent:from those corresponding to our

already superseeded 1983 version.

' that.the latter can be obtained from the former when its

paraﬁeters ‘a
‘When this transformation is

‘12), we obtaln a net 3KP

contribution to the triton binding energy of--0.793 MeV instead -

of -+ 0.203 MeV, whereas it changes +he corresponding result of.
Ishikawa, Sasakawa, Sawada and Ueda‘!?) from -0.89 Mev to .

" The sensitivity of numerical results to the form

In order to see this we note .

. for the TM potential and 9.09 MeV for our earlier version.

. presentation into small-blocks, each of them centred around an

© important idea.

. This amplitude is discussedﬁiq_section 3 within the context of

and' ¢ are replaced by -a and zexo respectively
" gection 7, whereas in section B we discuss the way they fail

* to be fulfilled.

' in section 10.

" our cenclusions. N - o _ !

is A=5.8u,

- number of Faddeev, channels is able to offset partially’ the }f, Hj-,'_'i
- differences between these two potentials.

remains a noticeable difference between the value of 8.86 MeV -

‘extended nucleons is shown in section 6.

:.eyﬁynamical level in section 9, motivating our redefinition of

‘our argumentation, exhibit the redefined potential and present

4.
of the potentialthas been investigated in detail by Wiringa,

Friayr,. Gibson, Payne and Chen{14) In their work we find,'

among;many‘other results that, when the #N cutoff parameter
the 3NP comtribution to the triton binding =
energy 18 -0.41 MeV for the TM potential and -1.10 HeV gor T

{3,159

our %983 alternative form. In more recent works Chen,

Friar, Gibson and Payne have claimed that an increase in'the

Nevertheless. there

In this work we ere mostly interested in the

eonceptual'aspects of the problem, and therefore we divide our

The algebraic details are not considered, since
they can be found in the original references. Our presentation
is oreanized as follousl‘ In sectioniz we give the generic form
of tne ¥UE-3NP ,- ‘that depends on an intermediate N amplitude.
chiral symnetry, whereas in section 4 we combine these results
in order to produce- tne rvE-BNP for point-like nucleons. Form
factorl are’ introduced in section 5 and the potential for

Our expectations i

reqarding the introduction of form factors are displayed in
The causes of this problem are identified at o

the potenttal. The redefined version of the mwnE-3NP 'is discussed

_Finally, in section'i11, we briefly summarize




petential and corresponds to the process whereby the pion

‘designed to be'appliea to loosely bound systems, such as W

. WRE-INP , we consider T

" figure 1, where g is ®NN vertex and T

‘2. nxB-3NP: GENERIC FORM

The =wrE-3NP is the longest range three-nucleon =

’enitted by one of the nucleons is scattered by a second one

before. being abgorbed by the third nucleon. A 3NP describes

.only proper thrée-nucleon interactions, correspending te.
. diagrams that cannot be split into two parts by”eutting only
- forward propagating nucleon lines; in order to' aloid double

‘counting an ilterated two-body force. Moreover, the 3NP is

and 'He , which means that off-shell nhucleon effects can be

. neglected in its derivation. Therefore, in constructing the

N’ the amplitude describing the

elastic scattering of three unbound nuclecns due’ to the exchange -

of two pions, and then subtract the part assoelated with nucleons
propagating forward in time. This Procese is represented in
i is the pion-
nucleon’ scattering amplitude for off-shell plons. .
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Pig.l. Diagram corresponding to the wrnE-3NP.

Adopting‘the pseudo~-vector coubling for tha wNN

vertex, we obta1n111) :

T;:"a E.'I‘Pz)g Ys T \l(pz]-g,/_—z‘}nr{ J’%E(P lu' *’ bu‘pi):]

(1)

where' ¢ 1is theé =N coupling eonstant,’ m and ¥ are the .

nucleon and pion masses, i; anena&tuxs thet _produce ismmeuxs

when sandwhiched between nucleon states, and ‘T N' has the
. ,;_ . general form '
ab . —. ., + WX ). 7
Ton = W{RI) I:{ *ET! B )ﬁab. [ K_ B ] hac c:l u(p1

e _ R m-"'
.. . * ) 2 T . _' . . ) . o
'_The amplitudes - A~ ‘and B* are relativistic invariants and -
"depend on the details of the 'nN dynamice. The nucleons are
assumed to be on shell and hence each of these amplitudes :
13 a function of four variables, namely k’ i k" s v and ¢,

‘where

<
n

‘ -(P{ + P} .kt +K) /4m o
' ‘ ' B . Ly

+
n

k' -k)? .

The variable v is- related to the usual Handelstam varlables
.8 B (Py+k)? and .u = (py-k')? by v'= (s-u)/ém.
- [, An alternntive expression for T:E 1s¢?!

where

LA = ! A . . - ) . ’
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" where g =’ and 1]

and a* and b

+
[
/™

Frog amewp 0L BREY

The potential is a meaningful concept for lmv-energy
processes and, in constructing the 3NP, we assume that
the momenta of the nuoleons bound in nuclel are of the order of

the pion mass. Thus we need only to consider the nm—zelativistie

_ limit of eq. {1), that is given by

g/m  g/7m

/S g o)
K +u _IS,'zﬂl’ . .

1213 )
t3N :(zm))

°

) (1)

indicate expectation values,: B .
= atewp® D

? ' are the non-relativistic versions of the -
ampIitudes A® and B*. ' e

The relationship between the amplitude tBN and

{16}

the three-nucleon potential W, 1is the following

L I BB, > T - (2m! 8'pypy /2 ey L (8

'l—:-l “‘—a"

~ The factor (1/2m)’ has been.intfoduced because. the non-relativistic ‘ :' :

momentum space states are normalized as «<p' > = (2m)® &7 (p’ -g!
The potential in coordinate space is obtained by :

Fou:.ler transt'oming ‘that in momentum space

E‘ug“’.qg xk) b"/zm:l 1°bac ‘“} @

" this expression becomes ‘

. 24

|
<r, 5;5.;' I-i..zr o= :

_'m)‘l dp! - dp

(2mi® ] (2m? (2m?

o

" When velocity dependent terms are negiected in Eane

where

Wow WD W) W, N o

ik L
{2n}? {2w)?

W) - = ]_9.18._..__3._ Sk Ey e—d: (1/2ml’ uk I

-

‘and 1; j', k ‘qorres'pond to cyclic permutatiori's of the integers

1,02, 3.

The generic form o! the potential is obtained by

.comhining eqs. (12) and (6)

ikt 1k r

...‘;(l“.""'j&.—'-ﬂ—tfe’“—“kl _ Lij _g/2m [am L
R (am® @ o Krewt k'leu?

—— A

sev =1 5"E£-21) expEl(-E{ -‘E‘;--n- + p, -.EJ,] t3“ .c'. _. ;

XX, r,’ B 8Mpler, )87 xi-x, )8 (xyar) W 4 (io»): )
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iii)velocity dependent terms in 'tBN can be neglécted.

- explicit form of the notential depends on the knowledge of the

of magnitude:

. off-shell means, therefore, that the_subanplitudes f*

9.

This is the’ basic equation in the calcuiation ofﬁ

the IBE-3NP . It is worth noting that it has been derived Y

_under three assumptions. namely: ) ) - - A ~1
o i) -0ff~shell nuolecn effects « can be neglected;

ii) bound nucleons are ncn—relativiatic, their momenta beingjf

of the order of the plon mass:

‘J'3; THE INTERMEDIATE TN _AMPLITUDE

The expression for W{i) given by eq. (14) determines

" “both the spin and isospin structures of the wmE-3NP. - So, the

subanmplitudes ft and b describinq the intermediate nN

Vscatterinq for off-shell plons, The kinematical variables

' associated with the varicus particles have the following orders

Ipt-1p*l - lkl = 1K'l -w . pe=pi-m

and the pion energies ky and k§ are comparable to ‘ui/ma
Hence the variables that determine t* and .bt assume the
following approximate values: k? « -kz ki' g -E:'.,

v = [2mikbeko) - (PI+P ).(k'+k)]/4m S ut/m, ot oses 93115)='b'

If the picns were on shell tne values of the kinematical .
variables would be very different, since the pion energies

would be w & (u’a;l._c_.’_):v2 ahd w'= (u'+§:_’)1/’ . of crder T and:

we would have: Xx*a=u®, k'*au®, va [(E'4E) (0 +w) - {pj+p;). (k!+k} /dm=-v,
t= (we-w)i- qgﬁggz. “The fact that the'intermediate pions are
‘and.bt

cannot be directly extracted from experiment. Thus, the constnac-

‘tion of the potential requirea the use of a thecnmdral mmﬂiuﬂe

. shell extrapolatio1.

. of reference. In the more general version of Omriand Glockle

510.. .

that s constrained by on-shell N .data.and suited for off-

Chiral symmetry provides a consistent
theoretical framework where such a mN amplitude can be. oxetnxmei-
This is the reason why this symmetry is so relevant in the -
determination of the mwTE-3NP . ‘ _

' The elastic N scattering has been extensively

) studied by means cf chiral symmetry. and agreement wiﬂiexpernmnt:_-:
is good both below threshold and for pion enexrgies up ‘to

{17-19)

- 350 MeV This symmetry has also been tested in many

(20)

‘.other situations and is the most successful theory for

b describing the interactions of low~ener§y nions with other ;‘

hadrona. Its basic assumptions are the approximate invariance
of these interactions under transformations of the group.’
SU(Z)-*SU(2) and that the symmetric limit is attained when the'
four-momenta of the pions vanish. The implementation of chiral
.symmetry in low-energy pionic processes can- be performed by
means of either current algebra or effactive Lagrangians. In
. the TM(5 6) derivation of the TRE-3NP ,. the former method has
. been adopted, whereas our approach to the problem(11' is based

on the latter. Both ways of implementing the-symmetry are

‘equivalent as far as physics is.concerned, Butxcorrespcnditc-'

‘rather different caleulaticnal techniques.

© 3.7. CURRENT ALGEBRA

19

The Tucson-Melbourne potentia wag derived

within the context of current algebra, for a particular frame
(6}

it correepcnds, in the case of point-like nucleons, to the

p follcwing expressions for the non-reiativistic»rn subampl itudes




'Bohler, Jacob.and Strauss’

.- , a 2%, k'nl 2 -2 ____‘ . :
. f. = -3 [:1 - m + “"—u'g&‘- - F"oﬂi:_}\fl'uz,!s:!ﬁ_

2z X : 2 ; R ) Lo " " B '--'7
sy WD vy plep . T qas
<+

",.‘b. = 0 . ‘ . ’ {15)..

RO T O S LT

In these results, g 1s the TN sigma term, f“ is the pilon

LI ' ) .
‘decay constant, -up and n, are the anomalous magnetic moments

of the proton“and_the neutron, whereas gh is the' sNa coupling
constant. The terms proportionai‘to' g? are due elther to the
backward propagating nucleon or to relativistic effectsu

The structure of f£' is determined by low energy

theorems. It is convenient to express it as a sum of two terms,

_one representing the uN gigma term and the other associated

with a background ascribed to different dynamical processes.

' only the former contains leading off-shell effects, through the.

explicit dependence on k2 and k'2?. Even in the current

_algebra approach the expression describing the sigma omundbutkm

is not the outcome of a complete theory and hence should be
understood as a good mathematical model. The numerical values -

of the parameter o.and of the background can be derived in a o

_model independent way from the subthreshold coefficients of

(21, 22‘ ".fhese coefficients are

f .
i

. [5-;1-'.-2%;7-9;(---_{’\;..- R Coan

12

obtained through the extrapolation, by means of dispersion

-relations, of the 'experimental“ amplitudes A IV,t) and

Bt(v,t) to-regions below threshold, where they are expanded_:'

in a power series of 'v and t'. . ‘ o o h ‘
The subemplitude £~ is dominated by the term

proportional to 1/£3, which is associated with the Vector‘

current originating from the conmutator of two axial currents.

It is velocity depemient, sinoe it is 1inear in v, and he.noe it does

not contribute to the local potential. Finally, b~ receives a_

contribution from the vector. current,proportional to 1Ifz and'

' another one from a background, indicated by gA(-..) . The]atter

can be either extracted from the HEJ coefficieuta‘s) or from al

N o +

model associated with the :ilelta,resonance(5 6)

“"'3.2. CHIRAL DYNAMICS

The implementation of chiral symmetry by means of
current algebra is technically envolved and has the disadvantaqe'
of hidirg the dynamical content of the soft pion iimit.' These
problems are not present in the approach based on effective or
phenomenological_Lagrangians, which are constructed in such a
way as to reproduce the resuits.of current algebra when used

(23)

in lowest order perturbation theory As pointed out by

Weinberq(2 ), these phenomenological Lagrangians may even render

unnecessary at all the use of current algebra. It is important

) to stress that these Lagrangians, which constitute the basis of

the so—called chiral dynamics, are different in spirit, for

.instance, from those appearing in quantum. electrodynamics.- The

use of effective Lagrangians should not, therefore.he mkasuxﬂ

‘as an attempt to employ ordinary perturbation_theory in calcu~

. lations of strong.processes. Rather than, being fundamental

-
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objects, effective Lagrangians are gquick and efficient tools
- that allow chiral symmetry to be implemented with the help of

- all the nice features of a covariant field theory. Ancther

.clear understanding of the dynamical origins of the various
c,contributidns to a given'process and hence 15 well suited for

' guidinq our intuition.

- assumed to be given by the diagrams of - fig. 2, corresponding ) K o '

a3 L o o o .14,
"'The diagram associated with the sigma dces not
' descrive the exchange of a real particie or resonance, since no

gserious candidate for the sigma_field seems to exist. 50, it =

advantage of the use of Lagrangians is that it makes possible a nust be'understood as representing the =N~ siqma-term that, in-
the context of current: algebra, comas from the equal-time

-+ commutator of an axlal current and its divergence. The usual

procedure conslste in considering this contribution by means o£

An effective Lagranglan was used by Yang(16, in the Tt :'T' " . a parametrized form(11)
;evaluation of the TAE-3NP . However, his model did not take ' ;: ' fd ‘ _' " rhe sigma term contributes only- to the function a*
into account breaking effects of chiral symmetry as vell as , ff" o :'_of the relativistic N scattering amplitude leq.(zjs. In,lf_ )
did not reproduce on-shell N data. since he disregarded both - E 0 our: derivation of the’ wnE-3NP Ire£.11), we have used the. -
the o-term and the nucleon magnetic moments. The Lagrangian R -'l: T 1: ‘followinq fcrm for the o contrihution
approach was also adopted by ourselves in a recent derivation . ~ . : I " : _ . _
» of the Wik~ 3NP(‘1), where the constraints produced by UM 4'.-“11‘ :_:f;: o . d - A; ° :uul*.au kff k o R L

scattering data were properly taken inte consideration. ' We

where nc” and B "are constants entracted from experiment.'
used a non-lineer Lagrangian, associated with a pseudo-vector

This form has been taken from ref. 17 and is adequate for the .
nN coupling, and the amplitude for the process N +7TH was

casa of tree pions. when the pions are not free, off-shell

" effects must be Included and this parametrization of A% - has
to nucleon and delta poles, rho and sigma exchanges. : : R a

. to be modified, as it hasrbéen'correctly pointed out in ref. 2.

‘l.The parametrization adopted in the TM potential does not-Sufrér“

k) d : : :

f \\ /' } . ‘,_. B = e from this difficulty and is consistent with the theoretical
/ . : % : ' R single and double soft pion limits of the intermediate N
; ) . . . . L
: -+ - X S " amplitude. The parametrization used in the TH potential is_'

¢ . ‘ . B :
‘ . \\ K ._,Vequivalent to the following form for. n
. : . - . . .
g
I
&
4 + g

'AU‘ - ?1-:; {(}—5) _-E‘]_"z'*k""/tlz-ﬂ . BE:(U:_“J}.
'?lq.z. Dilgrnml correspondinq to L i) lcattering: continuoun L _'f .,.‘. o : _ _ .'_,: ) ’ . . -

and thick lines rapraaent rucleons snd daltu. whereas } o . P . - ¥7 El -~28k', kl""_ + (k'2-u?y /ut s (kz-tltlluzj
./ :

broken, wavy and double ches tepresent pions, rhos and . 3 L o } . N -

sigma.
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- it is possible to see that

where we have made the identifications-

[+

. to-\'o.l

the appropriate pa
. following individual contri

. and b

£
fi_rhos'

*
£
£
hP

deltas
'f'
.
By
hﬁ
sigmas

&
f?

+
bg

s« (28/07 )ua‘,

g

which describe off-shell eff

The effective nonlinear Lagrangian,

entering the=intermediate

;'nncleon propagating backward in.times

N.
I
_b;' = 0
2
Vlzf,

o 2
{1+ up-unlﬂf,

892 X' .k/9 (4, -m)

4 g3 m/9(M,~m)

Sy By ki-Xk - "'a[(i‘,“t“z’ * ‘..’.‘.’-*u’,ﬂ‘ o

¥ Eulu
thay differ by the terms proporthal

rametrization for the a-term,produces the
t
butiong for the subamplitudes- £

N amplitude

Comparing eqs. {19) and (20}

combined with

(21}

S22y

(23}

(24)

}‘The results of Yang

E -y, = 0 in these expressions.

.16,

16) o Ceing . =" 5
e correspond to setting "p a_un = ag,

g

3.3, COMPARISON BETWEEN THE TWO APPROACHES .

It is instructive to remark'that the only ﬁuportant

.: diffenauxm between these reésults and those entering the-:TH

) potential are the nucleon contributions present in the- 1atter.'

'-xn order to see this, we note that in the Lagrangian approach

£+ is given by

n

e {.1 v28x x/u? = ['2n?) +(§§miﬂ/u=] + 8g? 5:.‘!5__/9?4"‘¥ml- ‘

g kIt 4 2,52 fy? 2{1-8) ¢ d -
= '?,’,{“2.‘&"2‘.’“ + G/ } - [—r—u - ST Kk . (29

The term within curly ‘brackets is identical, by cbnstruction o

. that ,of the ™ potential,given hy eq.(15}. The square bracket,

~ on the other hand, corresponds to an explicit evaluation of

(17)

; [—7 Fri0,u%;u,m ):1 in the context of the Laqrangian model .« R

:'On the other hand, the nucleon contributions in eq: (15} - repre-

sent just smali corrections to the leading terms, meaning that Z

£* . is essentially the same in both calculations. This is also _

- valid for b . whose value is zero. -

As far as the isospin 0dd amplitudes £~ and b~
are concerned, we note that the contributions proportional to
1/£; are the same in both the current algebra and effective

" Lagrangian calculations. ‘In the former case these terms are

- attributed to tne isovector eurrent arising from the commutator

. of two axial;currenta, whereas in 1atter itfis due to the rho

7/
8
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'Hpotential because the terms present in f

.17,

. meson that is supposed to dominate this isovector current., " In

the T™M calcdletion, £~ alsc contains a contribution from the’

nucleon and a négligible térm associated with the delta. These

. differences do not influence the final. form of the dlocel

are velocity

dependent. Finally, there are no important differences between

‘the results fqr b . since the delta contributions in both

o calculations are essentially the same.

This comparison of the intermediate m™ amplitude

‘correspondinq to the TM potential and that arising from the

‘Lagrangian model shows that the only important structural

difference between them concerns the contribution of backward
;zopagating nuclecns. As we have seen, this difference is not determinant,
since it affects very little numerical results. Neverthelessg
the discussion of this point may nrove to be conceptually

interesting. In Both calculatlons a forward propagating nucleon

" . term has been subtracted from the_intermediate ™ amplitude,

in order to avoid double counting an.iterated one-pion exchange

potential (OPEP). The difference between both results has its .

origin in the fact that the TM calculation is based on a *

pseudoscalar (PS) mw coupling, whereas in the Lagrangian
approach a pseudovector {PV) coupling is used. It is well

known that in the PV case the picn_coupling te a nucleon-anti-

‘nucleon pair is much smaller than in the PS case.’ This is the

reason why there 1s no contribution, in leading order; from -
backward propagating nucleons in the Lagrangian caleculation.
it is‘not a trivial matter to decide which subtraction

procedure is the best. The fact that the eveluation of the

"OPEP is usually based on the PS coupling does not mean much,

since in it the nucleons are oonsidered to be on shell, a -
; | )

I i:situation where the PS and PV couplings hecome equivalent.r'
On the other hand, tne suppression of antinﬁcleons produced in;

:, the PV case may make this coupling more coherent with the i
éhysical picture provided by non-relativistic nuclear physics;
where only positive frequency nucleons are present. It is
useful, however. to bear in mind that this is not- ai strongrs;

xr'argument, which: does not suffice for deciding this matter.
: o "As a concluding remark to this section, we- wouid
like to stress‘that~the treatments of the intermediate TN’
amplitude by means of either ‘current algebra or effective ) ) :
‘Lagrangians producée éssentially the same results because these ;'”:
are - just different methods for implementing chiral symmetry in

aocordance with on shell N data.‘

4. THE-3NP: POINT-LIKE NUCLEONS : -

The nnE-3NP for p01nt-1ike nucleOns is derived by
'using the intermediate 'wN subamplitudes f and b 1nto.the
‘'generic expression for the local potential, given by eq. 114)._

'Adopting the results of egs. (21~24). we obtain
S WL} = -ws(1)7+ Wl e Wé(i) : _ 7__(25),_

where the subscripts 8 and Hp ‘refer'to partial waves in the

intermediate ®N amplitude and

with = (/) TR ’133“? 2eg1 0™ e B o (935 -t

+ [g;%-u’)lu’j U‘rij’“(?ki‘_ S _' Can
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-(28)
; ' ( ), :l) (k) (jl (k) i l
. . w (1)-((: fu* Hit xT’ }(a Vj)(u ¥ )(iu a-.ij"vki) %
; x "(rijIUlrkil . 7 . . ‘. RS '_' (29}
? The strength parameters of the potential are given
i i o ‘ N
H 112 . 2 o
: — 2
; - B &
% . . F ! ’ .o . . -
. . Eh 2 ay L Bga' ; . C
I % = - [w] [Zm] v AT T By : 30
3 v : : - c . ) R
? 2 2 14p, =n 243
: TP v L n 4
€ [“] [Zm] ¥ |:z g ST
a4 | )
‘and  U{r) “is the usual Yukawa function
' gir) - -4_! _L..d ....__.e-i"k*.z'.. - - i
; . : L (2m ’_ ‘]5.1 + u!. .
: AN o e .
. o e
. = SE {31}
: . The terms proportional to Cp and c' in egs.
} © {28) and (29) are the same. as those of eg. (61) of ourdenhmtkm
‘of the . The term with coefficient Cg. on the
7 % . ._ other hand, has been modified by the inclusion of the factors '
: ' A(ﬁ -u?), as the resnlt of the discussion presented in the
. " previous section. o SR ' ‘

S = e g By ‘-Eki).wij'vki)mr 451 0D, -

N SR s TN £ | IR Y
“s‘.”_-, (G0 N R S R ALER FRYR LA
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" 4.1. COMPARISON WITH THE TM po'rzﬁfrxu;

Before discussing the role of form factors in this

problem, it is convenient to compare the preceding expressiona “f:“

with those corresponding to the Tu-potential. In order to do
this, we note that the function Ulr) 18 such that L S

5

e U e - WL e

K This‘reeult'allowe us to rewrite Ws(ilu'as

n’ .
* E“rij’d‘rjk!'-' i 8t uin) - ¥ vl 1j” (‘ki‘]

{33)

Egs. 433}, (28) and (29} can be directly compared with the

often used eq.-(3.1f of Coon and Glackle‘ﬁl, if we note'that__ :f

their function 2;({r) is our - U(z) whereas their Zolx)
becomes %F $%(¥) in the case of point-like nucleons. Thus

we obtain the following strgeéural relations among the various i

coefficients: 5
c, 2 rons L
5 - [%%] (a-2utc)
. .l z 9.?. . S o I a6
= oan) (m ut ¢ o o .
‘/~ -}—‘% = [4"] [%] h '] . '/J.. : : . (35)
' | . o -
e (3% faul® S _,ff S o R
m = Tﬂ Eﬂ ﬁp+dd ° A S (38)

i
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The simultaneous—enfbxcement of boiﬁ“eqnalitiee_ofeeq[I34)

means that the relationship between cs"and. & is

u?
Therefore the atructure of our 1983 alternative version
~of the #n"E-3NP can be ohtained from the TM potential by
‘replaoing a. by -a and ¢ by zero . ‘j

‘In table 1 we display the values of the various -

strengfh parameters mentioned aktove, as found in refs. {11} and’
. . . . |

{5,6). The inspection of thisltable‘ehowe that these pﬁrmmﬁers

do.not fulfill exactly eqs. {34-37}. This happene partly because

the values of Coon and Gldckle 1ncorporaté some relativistic -
'corrections and contributions from the antinucleon aad partly
hecause the two sets are based on different phenomenological
.inputs. Nevertheleas, the disorepancies are not large, being
of the order of 10% , and hence comparakle o the uncertaintie;

in the data employed into the constroction of the potential,

TABLE 1

o _ ' Strength parameters of the wxE-3NP.

- S 21?] [%%}:a .« o, '. . 13'_1’.)

.o [ g
Coelho, Das and Robiloteal!!! Coon and Glackl_e“)

value in MeV
parameter | value in MeV | parameter

2mj .

. L 2
multiplied by [4‘—“] 9—‘11

a u? l 0;99
c + 0,92 - N -
8 . . Ce

c u" . 0.88
cé 199 | bt |7 -2.26

. )

" ——

”c;. 1 -0.67 | dssddut b 1=0:66

22,
o :__-.‘n ' AB a coneluding remark to this section, It 15 uorth
'“-stressing that the expression for the -7mE-3KP given by eqs.
i,(26-30) is a direct consequence of chiral symmetry applied to
the 1ntermedlate N amplitude. But this is as far as chiral

,f_ye= ,'.- -symmetry can safely guide us in the present problem.

5. FORM FACTORS

The wWE-3NP ior point.like nuéleoﬁs. exhibited in

' the previous section,.divetges for very small relative distahces.

'-;1}- i The reason for this behaviour is that the small distance regien

' is outgide the dbmain_of validity of the poﬁential. In order

. to see this, it is ccnveniene to femihd ourselves that, in the
derivation of the nnE-3NP, the nucleons were consistently :
assumed to be non-relativietic, thelir momenta being of the order
-of the pion mass. This allows us to expect the expression for
‘ﬁhe potential to be reliable only for inte;nucleon distances

larger than u" . Hence, as these distances decrease, the

Y potential: becomes progressively less realistic,

The short distanca problem 1s usually tackled with

: the help of ®mN form factors. which are introduced into the

E . V'i potential with a double purpose. The first of them is pnnmemic,
. N Vin ehe gense tﬁat the regularization of the potential at the

L o 'e—.oriéin is essential for realistic applications. For iostapce.

. T as discussed in refs. (11) and (25), the singular behaviour of

- (T . a wnE-3NP for point-like nuclecns is responsible for wiphysical

. nodes in fhe trinucleon wave function. The second reason for

introducing formtfactors is that nucleons do have structure.

At the hadron level, this sttucture co:respoods to the meson

e




- v

. to become dependent of the plon four—momentum.

8w T,

<23, .
 clouds that dress the point-like nucleon whereas.,at.a more

fundamental lével, it is associated with ‘the fact that the

) nucleon 1s made up of quarks.

Form factors can be introduced into the ®nE-3NP
by allowing all the coupling constants entering figs. 1 and 2.
In the case of
" ‘the =N coupling'constant, for instance, we would have
g+ glk?) = gE(kzl, where the function G is such that
' Similar relations should_hold for all the other‘

"~ yertices and, in order to implement this program, we would

" need to have either theoretical or phenomenological information

concerning the structure of these form factors. However, this

information is rather incomplete, and hence it may become a

serious source of uncertainty inte the problem.

_' * The present etate of the ‘art concerning applicathrm

-of the nnE—JNP consists in trying to understand the gross
features of its contributions to various physical-processes(1}
" Therefore we choase to introduce form factors into the pohnndal

in a simpler. although less rigorous way. We do this by allowing

_‘ each pion line, consisting of a vertex-propagatoravertex, to be

multiplied by

Bk [ﬁ-:%k“—;]z l,: g '-(33)_".

- ,where A is a phenomenolcgicai parameter,supposed to‘representf

effectively the dynamics associated with the size of the f JEEE

nucleon. This procedure has been adopted in a large number of

'l3,5,6,7,9,10,11,12.13,14,15,26,27)

.works . and can be interpreted

: either as the use of an univeraal' form factor for all the
1nteractiono or, alternatively, as the correction of only the o

g

i

o4,
nN vertex by a dipole form factor. When needed, the elﬂMnathzt

" . of the form factor can be achieved through the limit A-+ﬂ .

our conclusions are general enough to be easily generalized to

other parametrizat‘ons.

as far as the value of A concerned, various shxﬂes'

have produced a wide spectrum of indications, some of which are

© displayed. in ‘table 2.- Inspecting it, we note that there is a
group of-valuesfaround A-900 MeV whereas another corresponds .
. ko A 571250 Mev.

of values may be restored when we recall that the latter’ is

associated with pion—exchange processes between nucleons. As'{-f”‘=‘”

(28)

pointed out by Holinde ' values extracted from these pnxxﬁses

may also include other meson exchariges and hence correspond to .
7--—“w C ~ effective quantities. If this is the case, the second group

of values may be more suited to the w7rE-3NP. 1In this work,rr

however, we prefer to considex A as a free parameter rather

than to commit oureelves to a particular value.

S

'

«6. WNE=3NP: EXTENDED NUCLEONS -

The introductién into the ATE-3NP of the form '
factors givenrbv eq. {38) corresponds to employing the folh:dng
modified Yukawa functions.

[
|

A’ -y ] - s .

S o
“Uir) = _"l _dk, e’ lc_’__ : )
- p A +k7 L

(2m) Y ka4l

1 u (A2 ) -As
I T

‘In the seguence we adopt the form of G given hy eq. (38},but -

The compatibility between these two sets A
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TABLE 2

parameters of the N form factor, eq. (38).

value of A

Reference ' Process - -
MeV oom fm—?
29 .| dispersion relations 700 5.0 3.5
30 dispersion relations 1200 B.6 | 6.0
3 np +» pn - and pp -+ AR 890 | . 6.4 4.5
RE 32 yp + n'n 1000 7.2 5.1
" .
33,2 dispersion relations 800 . 5.7 4.0
_(half of the G.T. discrepancyl '
4 .
34 pp*ml*,_ pp"p&‘, 1,'1-[:..‘”,"ub-i--w' _800 _ 5.7 4,0
E ' 1000 0 7.2 5.1
*E' 2 _ 35 dispersion relations éOO ' 5.7 4.0.
§ ; (half of the G.T. discrepancy} :
g .
28 NN phase shifts >1530§ >1t1.0 | > 7.7
deuteron gquadrupole moment »1200] > 8.6 6.1
‘ 3¢ | deuteron asymptotic D/S ratio | >1000} > 7.2} >5.1
deuteron quadrupole moment 1 or1400 | »10.0] 27
37 yd + pn 1250 (9.0 6ﬂ3
full G.T. discrepancy (6%)

s70| 4.3

S 2.9
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In the evaluation of the various derivatives of the

,fﬁnction U(r) we use the following results and deﬂniuons o

Wir) . *& 3Ulr)
Eht:_.L r 8 i ;
x; . S » I PRI R T
: Futhln L, _ e L1

L L g L L] 4 %3 M3%u(z) ‘:_1 i)
o, %, "o 043 ¥ -_* [ ¥ “ar ]

m
o .

Ualx) + Lr;i L R 1) I

. He

1j

where the Xy ara'tﬁe_Cartesian domponeni:s of z and

2 A : A .-
S5 e
S T £ £

S . - —ur
= 1 e
Uy (t‘ll E - ['I *E] oE +

Uatr) = 37 3 ) e A’[‘3‘3le"r
Ua tr) -.[“E*;;!?r] T;'ar 13" N TR

- S T
.%%[ﬁr-% o K

Tha a.ction ot the Laplacian can ba obta,ined either -

' from eq. (41} . -

Pui = 3EU) e ptuate) o, U
‘or from'eq. {39)
grom » [ g wEED g eouy?
T, (2m? ‘(},:_ffg‘) Al ¢ k2

¥ - stml . S s
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27.
. ‘I'n this expression, G(ri is a function p;‘oport.’_ménai to the.
. pourier transform of the form factor . ' s
T I N o
AR et o A% 4 X2 3
' . z . . I b
o k) B e
1In order to establish contact with our earlier work, it is woxth
pointing ‘out that. in ref,(11) the combination [U(x) < G(r)l o
" was denoted by -Uglx} - 'Comparing eqs. {44) and (45) ¢ wWe ' '
obtain ' I' ‘ '
2 0im) « U - Gle) - Valr) e un
Finally, it is useful to introdﬁcé the notation _
. Galry = m T . - L R (48_)..
This function is given by A
. 2 42 - . DN
LGt = -3 %- 1] ehr ‘ AR (11}
.i .
6.%. THE POTENTIAL
Using the results given above, 1t is possibla to

_rewrite the various parta of the 1I1TE—3NP, given by egs. (27-29)

as follows'

)

l.Wplli

)

' * “2“'11’ U{rkii -G(rki)] -12— ['Sjk (.'.?-j.j ’ij.j‘_.,f.’.. N

* +

s

Uair ) c,(rkii} E

TXK.

Coie o) 1) 0 o
E”*’aiﬂ- 2 ‘*?jk‘.ﬁxj'ﬁki’]

[2P3lcosb,) Upir,) Vs (r:,“)] IR

-

+ 3(;08.-9; Us (;ijli ?z{rk;j sjk(.fij '-—fki’}

®
ks
-
-
—~
.":

-

gt Lo ”m,]

+

m m Sjk‘rwfn’]

AR A AP 2]

[
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. 5 f3 (k)
3 L "3:; {Ul(rij)ul( )*G;(I.‘ij} Uz(rn -

s

{(H (k) o .
"EL._ SRR {eriﬂ’ -G(rijl) {Uiry ) -Glrn)l

u(k]

Uz(ryy) U_.trl_d.) =Glry,) ‘U?‘rki)___l.sjﬂ_k @-ij.'sij)

E(rij} "’G(rij,] Ul ‘rki) [jk(rki lrki, a'i} - O(J’

E’_(rlj' -G(ru) "_U"rij)] Valry ) Sgy (£, 5 0Epy) ST
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- ! . .‘ - - . R .
+ Valry ;) Ualry ) 3 E"ij.‘f.ij 1Zy4) Spg ey ol
= Syy B Bxy? Sy ‘-’fij'f-ij’_-_l} N o A
_ , .

where the tensor § for two unit vectors d and' ¥ 18
. B . o~ T e

- and

i3 ki

The expressions for wp and Wé are the same as

those of eg. (67) of ref. (11). except for an unfortunate R

misprint in the sign of the term proportional to Cé in that -

squation. On the other hand, the expression for W includes

. defined as_ ' _ !
. Eiy Eys o P
.co88 = T -2t 2 TR o A54).

new Gpir) , the derivative of the function Glr) , due to the - _:

factor (V 2.42),

7. Expscm'rxous FROM FORM FACTORS

The introduotion of form factors in to the nnE—BNP :
derived by means of chiral symmetry is accompanied by engx*atuxm

at various levels.

Exgectation 1: At the first place, we expect that form fectors
should render the potential regular at the origin. For the

form factor of eq. (38) this is indeed the case, as we.can see

A

namely A-+= and A=u. ‘The former represents the absence of

" whole T®HE~3NP . Realistic values of A correspond to a

~nN  form factor, since several values are suggested by different

','rebresenting a -useful potential must be va}id’for generic values

| .30;" i
i

when inspecting the explicit ‘forms of the functions u, U;,'ﬂ;.

.G and G; , responsible for the spacial content of the potential
" and given in the previous section. In this case, the regu= .

: '
_lerization is caused by the powers of k’ .present in its

denominator, that act effectively as a cut off for high values '

of the momenta. It is interesting to note that the nenﬂarizndgn

. .of the potential would not be achieved if only a single moncpole

form factor wereé used, since this would correspond'tocornxnong

the contribution of a given pion as follows

TR Ty YY) D R ()
1{—2+u2 k2+u2 Al+k2 k2+p2 ka_+Az ) o .

el A= Ap— A—

Thus, a single monopole form factor is equivalent to the ‘L-'

introductiocn of a-particle of mass A, with the same guantum _- ' -_}"
" numbers and coupling constant as the pion. The wvarious .

" derivatives of the. Fourier transform of an amplitudé “corrected”

. .

in this way are ‘not regular at the origin.

Expectation 2: 1In the paramettization of the form factor

'._adopted here,_twolvalues of A are of special significance,
" the form factor, whereas the latter causes the vanishing of the '

- compromise between these two 2xtreme situations, allowing us to -~

"understand the introduction of form factors as the result of a

continuous variation off A, from infinity up to the desired

phenomenological, value.' As discussed in section 5, there is no 2

' consensus as to which value of A should be preferred in the

studies.j Therefore we adopt the standpoint_that‘the eqoations'
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[N > W

of A.

. “applied.

_potential.

-Exgectation 3:

l produceo by the introduction of form factors to be confined to

. Exgeotation K

form factors to be restricted to playing a secondary role in

W31,
This means that, in the construction of thie potential,

we are concerned with expressions where A is to be considered

;- as a free parameter; whose value could either be switched off -

So, our second expectation is that this.variation ‘

should be followed by a‘sonehow monotonic variation of the -

should happen when form factors are turned oncr

small internucleon distances. This is due to the fact"
that the potential for point-like nucleons is already_suited‘

for distances of the order or greater than u~! apd cannot

' change much depending on whether form factors are present or

not.

Finally, we expect the contributions of ad hoco

results. This means that the hyerarchy between what is belng
corrected and the correction must be preserveda the latter

cannot be more important than the formera

8. THE PROBLEM _ N N

" A striking feature of the TmIE-3NP for extended

. miclecns, as given by egs. (50-52) . 15 that it fails to fulfil the

expectations 2-4 presented in the previcus section. In the sequence wa
reproduce an instance‘g} where the introduction of form facters into the
ﬂ

In other words, we expect that nothin§ rery dramatic

The third thing we expect is the modifications

+

or fixed, according to the particular case where they are beingf

1.

'_the potential, namely that of a mere correction to nmprelathdstic

Ty

'ipotential does not just regularire it at the origin.

»

.32,

In this

case, instead, itideterminee the behaviour of the 3NP in a-

much.larger region, strongly distorting its original form. In

order to show this, we dnqﬂay the qualitative features of the

expectation value of the ‘operator w on the principal s wave

of a trinuc eon system, which is characterized by totally anti- '

g symmetric spin and isospin states °

‘with the help of equipotential,plots

.useful due to their simplicity.

(1 This expectation_yalue o

is expressed as L o

<SlW_|s> = - st (‘i,‘zl'cs{cosel El; (eg4) ‘U“‘(rkil

°

“ Galrgy) Uilrgy) - Uilrgy) s:trkin] . sy a
+ eyeclic permutations }

where X and y

A

are Jacobi coordinates,and S(x,y) is a fully

symmetric function under nucleon permutations.'

can be understood
(27,9,10)

The main.features of <S|ws]S>
. which’ areAvery

These equipotentialjplots are

' -constructed by fixing the positions of two of the'nncleone and

© and under reflection about the ¥ direction.

using the third one as a probe. The coordinate system employed\:

in tne description of the trinucleon is shoen in fig. 3. All

‘diagrams are symmetric under rotations around the X direction -

Hence the speci-

" fication of a single quadrant is enough to determine uniquely

the complete spacial diagram. We adopt the value r;, =0, as fm

for the fixed internucleon distance, corresponding to the

‘minimum of the Reid two-hody potential“’
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Y

Fig.3. Coordinates of the trinucleon system.

A,

In order to follow the dependence of eq. {56} on

in fig. 4 we show the equipotential plots representing

és;w |s* for six values of this parameter, ranging between

infinity and the still realistic value of 4fit. As pointed out

before, the first value corresponds to the ahsence of form'A

factors. The first and last plots of this figure are very

. different, meaning that the diagrams for realistic values of A .

are not just corrected versions of that without form factors.
'rhe modifications produced by the variation of A on the wTE-3NP-

.are not confined to small internucleon distances, showing that

) the form factor, that should just correct the potential, as a

matter of fact, determines its most important features. A
closer inspection of this figure shows that the potential for
point-like nucleons is so ‘different from that corresponding to
4 fm" , that the latter can be thought as a hew potential. In
both cases, the lines along which the matrix element <S|w_|s>

i zero are roughly parallel, but they delimit regions that N

have changed sign and magnitude when form factors were introduced.

'fnfmq‘

ST I

~ et

!.D Ilfm:

- Fig.4." The influence of ‘¢orm factors on <S|W_|5>. The

) aqul.potential curve: are uymmatr.lc about the X and ¥

_axes, The pol.nt N indicatas the position of one of the

. fixed nucleona; the other one 1a located symmetrically

“about the origin. All energies are given in HeV. The

varlous values of A are shown 711'\ the figuras; A==

correapehdu

to the absenca of fom factors. The

' underatanding of t'hen fiqures becomes aasier when

the avolution of the lines labsled A and B h ‘tollowed, -

U

'
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_ Considering the whole sequence of figurea, 1t 18
possible to notice

“new" potential springs from within the core region as the “form

factor is turned on. It is barely visibla in fiqg. db,qradually

g_expels that corresponding to pointnlike-nucleons, until it

_becomes conpletely dominant in the last two figures. Thic

analysis can provide a hint as to what is the cause of this odd

~ behaviour,

The fact that deformations emexrge from the core
region means that, at short distances, the potential is’ too
gsensitive to the value of A. On the other hand, the matrix

element given by eg. {56) depends on A through two functions,

namely Ui(r) and’ Gy(r) . When r tends to zero, these
functions behave as follows: ' ' - .
Ctim Gadr) = 0 T sm
Ir+0: ’ s a e
) _ . 9 .
- 1 [A2
Lim Gilx} = --—[—T - 1]- T e S
. r...o . 2 11 B “ . ) "

These results suggest strongly that the excelsive sensitivity
of the potential to the value of A is associated with the

functionsG(r)and its derivativa, Gz(r).

. 9, THE DYNAMICAL MEANING OF G(r) - o

. The physical meaning of the terms proportional to
G(r) entering the wwE-_éNP is di\(en by the dynamical content
of the =N form factor. When nc'fcrm factors are present, the

function Glr), given by eq. (46) ;becomeh

" an interesting feature, namely that the .°.

. point in space and have contact.

< .36 _.
G(r) = %;-§"E) T . N : “55’ E tru

"whereas eq. (45) indicates that u{r) turns into the Green's
- function associated with the prcpagétor of point-like pafticlés, e
In thisrcase, the function Gir) describes an interaction _‘ A

- which is effective only when two nucleons concur at the same

These contact interactions yield a NP cn:tesgxﬂing
to pcrmutations cf the configuration space diagrams of fig.Sa.
' In it,. ‘the black dot represents the term assoclated with. Gy
‘whereas the broken line iz a plon—propagation given by the :

‘ reguiarized Yukawa functicn U(r} .

' _l [{-4] ‘ccntﬂhur.l.unl to tha IRF due tc"'contact' interactions betwasn extended nucleons.

-—<:> i ==_- + - \?;

Aaaeasy

"nq.s. Configuration space diagramm: ln)contﬂbutlon to the 314p dum to a contact

o o o]
fr o m
LLEE

l.nteract.ton batwesn two pc'int-uka nucleons: (b} contributions to the N form factor;

In thas- ﬂgugu, continuous and thtok 1ines represent nucleons and dut-l- "h'r“l

brok.n and uavy lines :epredent plﬁhl and rhou,

'When we consider form factors, the function Gtk’)

‘{5 not equal -to one and &(x) ' its Fourier transform,daxzﬂmm

. .o : K
. W . :




‘the terms in the potential containing G(r) cannot be assoclated
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the distribution of hadronic matter within the nucleon._There-

. fore the terms containing this function in”tne T1E=3INP cor=

regpond to woontact™ interactions between ektended objects.

lfIn order to make this statement more precise, we conslder nhe o
';dynamical content of the wN form factor at the hadron level.
In the contexg of the.chiral SU({2) = Su{2) group, it eor-
‘;fesponds to diagrams such as those-of fig. 5b. So, the .
:'centact’ interactions between extended objects contribute to.

. the 3NP represented in fig, 5c=;‘This last figure means that .

with the propagatiqn_of pions hetween different points in

space and do not correspond to a proper wWnE-3NP. Rather, they
could be called ﬂ?E—BNP ’ since the parameter of the form
factor does not let us know the type of particles beinq emduunmﬂ.

in other words, the inclusion of the function G(r)

) into the potential means that we are considering forces whose

dynamical content remains hidden behind a parametrization Thia

makes it difficult to understand which are the Feynman diaqrame

- one is including in the potential. of course, the diagrams

shown in fig. Sc shonld be evaluaéed at some stage of the

research program on three-body'forces, but;.their'inclusion

-should be the result of explicit caleulations, using an

appropfiate dynamics such as chiral symmetry. Horeover, in-
this research Program, the study of many other processes such

as pion- rho('w +39) . rho-rho( 8) -

, plon-omega and three-pion
exehanges should precede those of fig.5c, since they coxresnond_

to forces of longer range.

ER!
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10. THE REDEFINITION OF THE INE=INP

The discussion of the preccding section shows that

.

,.the three-nucleon potential given by eqe. {50-52) 1s compﬁséd1:

T of two tﬁpes of terms. One of them, containing the Fourier

transform of the form factor, describes a contact 1n£er§ctibn
between two extended nucleons and is associated with the emﬁumge-_

of several different particles. The other ‘one contains only .

' the functions Ulr), that correspond to the 5pacia1 pnxﬁgathzl'

of pions. The ' consideratione produced above allow us to

. conclude that only the latter deserves the name of =mnE-3NP, e

as opposed to T?E-3NP. )
All. the problems that we have mentioned regarding’ o

W . can be avoidéd when we redefine the nnE-3NP as the

" ‘potential associated only with the propagation of pkmsabgzﬂmﬂ

by the reéularized Yukawa functions Uir) and its derivatives.

_ This corresponds to the full eliminztion of Glr)-_éndt 61 (1)

'-from egs., {50-52), producing the botential' ﬁﬁﬂ . where the _

caret indicates this modification. The exclusion of Gl(r}. and - -
G;(r) from the original ﬁnE;SNP for extended nucleons amounts
to stating that we should regularize the results of chiral
symmetry by eliminating all pessible G—functien befo;e the
Iinclﬁsh:r.of the form facnone. In deing the opposiie we would
be using form factors to regularize a §-function.

in order to produce a feeling.about the numerical
meaning of the redefinition.of the potential, we show-in fig. 6
the behaviour of the functions U,-Uj, Uz, G and-G: for two
values of A, namely ;. and 5 fm~! . 1In this figure we learn
that the introduction of the form factor into the functions

U, U; ahd U; suppresses considerably their short distance

.
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behaf&our, whereas a §-function and its derivative become G:

and G: respectively. Moreover, when A =5 £t , we note that -
G and Gy are 5tfong19 dominant in theé short and intermedi&té ‘
distanice regions, whefeas"b, U, and U, determine the behaviour -

.. ‘of the patential for large dlstances. The main consequence of

the introduction of form factors is, therefore, the ﬁartial
subétitution of short distance behaviour of U, Uy and .Uz by
that of G and Gi. Thus the proposed redefinition scheme

prbduces a potential that has the long distance properties

‘associated with the pion chiral dynamici and is weak at -small

distances. In other words, the redefinition amounts to keepinq

only the tail of the nME-3NP and deliberately disregarding the

" uncertatnties associated with the short distance region.
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10.1. THE QUALITATIVE BEHAVIOUR OF W7nm ;
. - 1
The problems associated with the inclusion of form

|
factors into the #7E-38P ,° which were discussed 1n section 8,

:are no longer present in the redefined version of the potential.

In order to see. this, we cohsider'the modifications induéed in °

- .. <s|@_|s> by the inclusion of form factors, that can be followed .

by inspeéting £ig. 7, the analoj of fi1g. 4 for.the redefined
:version of the potential. We note that now the differences

'between the various plots are much less pronannced, and thus
the influence of the form factor tends to be confined as it

‘must,’ to small internucleon distances. L
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Pi§ 7. Tha influence of form fagtors on <s{W_|s>. conventions

" as in fig;d.
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- The redefinition of the potential also affects other
results. For instance, the couplings between the prineipal §
and D Etates of t.finucleon syst-.emsno) dué to the original compenents

W . “p *and W; ofrthe 77E~3NP are given in figs. 8a-c, whereas those

‘correspondxng to the redefined version are given in figs. Sd—fl
-'These diagrams show once more that considerable changes are
fproduced by the redefinition of the-potential. The matrix
elements '<D|W$}S> and .<D|ﬁ;|$> » in particular, have opposi;e' 
signs and quite different magnitudés, similarly t& the case of -

"<$[wsjs> and <s]ﬁats> , Giscussed above. These dlfferences L

are entirely chused:by the form factor, = showing that it

completely determines the contribution of the original potentiél;

11. SUMMARY AND CONCLUSIONS

 In_th1s work we have analyzed the construction of

. the rrE-3NP in the cases of both point—like'and extended

nucleons. In the former case, we have emphasized that the

crucial ingredient is the treatment of the 1ntermediaté N
amplitude bﬁ means of chiral symmetry, in consistericy with pﬁ

shell data. We have comééred the current algebra and éffectiﬁe_ e
Lagrangian appreoaches to the impleméntafibn of the'symhetry and l
shown that they_p;oduce essentia;ly the same results.

As far as the case of extended nucleons is ummmrnay'

© we have argued that the expreésions derived by the Tucson-. -

(5,6} PALRE

Melbourne group and by_ourselvés in 1983 need to be
modified in order to be used in realistic .calculations.  Tha

problen with these pdtentials is that they become strongly '

'ﬁistortea when form factors are present. These distortions are

S
¥ifm)
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Fig 8. Equipotentiala for (a) <plwWgls>, (b) <n!w Is>,

te) <p]w 15>, (a) <D|w i8>, (e} <D]w |s>, () <nlw'|s>

Conventione as in fig 4.
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"'et tne'origin. This new version of the potential is formally;
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incompatible with our expectation that form factors should ]ust
modify the potential for point-like nucleons at small distances.-

As discusséd in sects. 8 and 9, thig odd behaviour is associeated

" ‘with terms in the potential that can be interpreted as ”contact'
‘.interactions between extended nucleons. We have argued that the
T eiiminatien of these "contact" terms from the potential makes it
© . much hetter behaved. Therefore we-have proposed the redefinition
:of the mnE-3NP as the.potentiai asgociated only witn the

1_pr0pagation of pions described by ‘Yukawa functions regularized

obtained by eliminating G{r} and Gp{r) f£from eqs. (50-52)_°

Before diSpiaying the redefined potential, however,.

“ it is useful to compare it with other forms. We note that

eqs. (50-52) describe the generic T potential whereas our

version of 1983 can be obtained from these equations by keeping:_

" the function G(r) and disregarding Gy (r). Thus our 1983

potential can be understood as a hybrid situation between the -

TM and the fully redefined version presented in this peper. As .

‘we have discussed in the main text, the motivations for the_'

"redefinition of the potential ars such'that the present version

excludes that of 1983 and, should replace it as an alternative
to the TH forece. o
Except for a qualltative studytio), at present theére :
ere no calculations considering the effects of the full redefif'
nition of the potential on trinuclecn obsexrvables. However, as
we have discussed in the introduction, great sensitivity of

numerical results to a change from the TM to our 1983 version

s

of the wnE-3NP entities us to believe that the same will hold -

"~ for the redefined potential proposed here. It is given by

- ' 3 - - : _'l Lo .
W o= 121 ms'(-“pr‘(“"wpu” . (59)._

amg -

YR
" where h .. ’t
Us (e) Us fry) Ec»ze1 g__fj’.g_f"’ jk(:ij' )] t60)

¢
At = 2 9 _{El(r 105, 2P,bosei) Uz (r jl u,rrki)]

B E"rij’ - “"Hj’] U'“’ki’ ikt (g s

s U?(r;jl U(rki) - Urfrkii] sjk[fijggij).

i) Beosﬂi Uz,-‘rij’ U:lrki) sljk‘(-‘?-ij !‘flkii} I ?. (5” .
_ e . ‘
i . R (;}j";ﬁj’xﬂ")' {E”'ij’"(’ ) 10‘“ G5 xgt |
e Utrijl Ualryy) 5 [jk(rki “ :.:'.,fj ' -.?_fn;.‘_’fj’..s kﬁu'ﬁu’]
. Uitz j“” )1 [ Syl j,rij, d )Eji)-"g-(k)ﬁ(i) -rj]

RN NPT ""u"' [:Lj EIRPITY sxiffki'rki‘ 'su“ '—iu' 513 “'ﬁ"xj]

62y

The meaning of the various functions entering this expression -

- can .be found in sections 4 and 6, whereas the values of the

.strength paremeters are given in table 1.

As a4 final comment, we would like to stress that
#, the redefined potential, 15 Dot the outcome of indisputable -
formal derivations. Instead, it is closely associated with a

particular way of interpreting a physical picture alloﬁeé by

" the mathematical formalism, - ﬁowever,—ge_believe that this.is

. S 1
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Hibe extremely useful in improving our understanding of the

" problem.

ELEI
as far as we can go for the time'being. The test in realiotic

calculations of the conclusions presented in this work would
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.. TABLE 1
B . : : |
* o . : Strength parameters of the umE-3NP. . .
Coelho, Das and Robilotta(‘_”) Coon and Gliic}cle(s} '
) : . . value in MeV
parameter | value in MeV | parameter: 112 qu)?
. multip}iedlﬁy [3;] [2m
a ud 0.99
Cs +0.92 u‘y?kr"'
c u* 0.88 s
C_ - - 1.99 b u* -2.26
P ; .
> <. S =0.67: | (disdu)n® -0.66
R

e

S

|
|
I
.50. _
g
i 1
I
i i
~ TABLE 7'
Parameters of the mN form factor, eq. (38).
B - : " value of A
Reference Process -
Mev “u fm—?
29 dispersion-relations 7 700 5.0 3.5
i 30 dispersion relations 1200 ‘8.6 6.0
’ 31 np + pn and “pp + nn 890 6.4 4.5
32° [yp »'w'n 1000 7.2 5.3
! - ..
33, 2 dispersion relations - . 800 5.7 4.0
thalf of the G.T. discrepancy) Co-
34 pp-*nl\+, ‘pp‘-ﬂ-pﬁ*" "+p+p¢A++ 800 5-7 ._0
. : . . 1000 T.2 -1
\ 35 dispersion relations ) 800 5.7 §.0
- {half of the G.T. discrepancy)
: — .
28 | NN phase shifts >1530] > 1.0} >7.7
deuteron guadrupole moment >1200| > 8.6 | >6.1
16 deuteron asymptotic D/S ratio >1000) > 7.2 »5.%
) deuteron quadrupole moment >1400 ) >10.0[ >7.1
i
a7 vd - pn 1250 9.0| 6.3
full G.T. discrepancy (6%) 570 41| 2.9
v
i .
! - ) 1 o
. w0 ¢
- £
: /
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" Fig.3.
.: Fig.4.

_axes. The point N indicates the position of one of the .
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FIGURE CAPTIONS ' :
it _Fig.l, Diagram corresponding to the TnE-3NP. , C S - . B
! . . o . . . \ - 1
: .Fig.2. Diagrams corresponding to ®#N scattering; continuous b i
éw and thick lines represent nucleons and deltas; whereas o ’ L S i ) - F
¥ . L. . O - . .

broken, wavy and double ones represent pibns;'rhbs and
sigma. l .
Coordinates of the trinucleon system,
The inflience of form factors on <SIW5]S>..fhe R S

. A ]
equipotential curves are symmetric about the X and Y

fixed nucleons; the other one is located symmet;ically'_ . S .- o . .
about the“origin; All energies are given in MeV, The

various values of A are shown in the figures; A=w

" corresponds to the absence of form factors, The

' Fig.s.

nucleons and deltas, whereas broken and wavy lines ]  f —

the evolution of the lines labeled A and B is followed, ' o

understanding of these figures becomes easier when . : ; - h o I

Configuration space diagramég {alcontribution to the.
np dﬁé_to a contact interaction between two péint-iike o . S - L : i
nucleons; (b) contributiohs to the ™ form factorj - . 1,-‘ . g ‘ v : co
{c) contributions to the_SNPIdue to "contact”

interactions between extended nucleons, In these

f;gures, continuous and thick lines represent

represent pions aﬁd rhos.

Behaviour of the functionﬁ ‘g, =U1, Uz, G gnd ;Gx far
A+ (broken lines) and A=5fm~' (continuous lines).
The influence of form fac;ors.on.<slwsls>. Conventionsl‘
as in fig.4. ' '
Equipotentials for (a) <D]W Is>, (b} <nlw l5>,

e} <DIw 18>, (d} <n]w [8>, (e) <D|w |s>, (£) <n|w ls>

Conventions as in fig.4. - —.. ..
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