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Chiral symmetry. implemented by means of effective Lagrangiansg,
1s used to evasluate the axchaﬁga-currant contribution to the
piun-ﬁeutercn'scattaring length., It is shown that this
‘spproximate s&mmatfy is responsible for partial can?allatiunar
yiglding an nvafail contripution of about 10% of the total

scattaring langth.
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Field theory may prove to bse an 1lmportant toal 1in

the study of plon-dsuteron scattsring. in pa?ticular as'far as

contributions of plon-production amplitudes arsrconcefned; Ths

main problem in such an appraoach is that 2t is not possible to

use ordinary perturbation theory on calguylations of strang

"pracesses. Howsver, the interactiuhs of low-energy pilons can

be well described by maans of effezstive Lagranglans based on
chiral symmatry.(1]
Chiral.symmetry predicts that in the wnphysical
liﬁit in which thae pion is soft. i;e{ its fnur-mumentum_.
§anishas. thé outsoma of a Qcattering précess depends only oﬁ

the isospin of the targsttzl.

In particular, when the target is
]

a deuteron, tha axact chiral symmetric 1imit corresponds to &

vanishing amplitude. .

"The poesibility of studying ¥-d interactions using

- chiral symmetry is an attractive ona. for In 1% all ths nice

features of a covarient field theory ars present. Morsover, ths.

nature of this approach is such that amplitﬁdas in agreement ﬁith

low-energy thesrems are ofteh the result of largs cancaliations

batwaén amplitudeas fhat in isolation do not exhibit such an
agreaement. Uné such cancellation has bean found in the evaluaticn
of exchange-currant cnntributi;ns'to the TL-d scattering length,
t:h.e destructive 1ntarfarencalaccurring hetwesan the T N TE.'I.'C,U
and TT -+ 1T amplitudes[S?. The possibility.of this kind of
cancellations could not be éasily grasped without. ths use of
chirél symmatry. .

In the present work the exchange-current cantributilen

to the procass NN ENN, for pions at rest, 1is calculated_

undar‘tna assumption that the nucleon-nucieon intaractlon is doue

1
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t¢ axchange of piens.This amplitude is evaluated by means of

affective Lagrangians which are abproximately chiral invariant
and is denoted by T,{gl, whers g 1s the momentum of the
exchanged pion. Ona subsequantly uses T [qJ betwasen deuteran

wave-functions to obtain 8y s the contribution of the exchanga-

cyrregnt to a « Thus

1
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wﬁera my .My and w are respectively the plon mass, thﬁ
dautaran mass and the deuteron wave-function.

Tha amplitude Te{qi is assumed to be duminated.
by the processes in Fig.t . The vertic;s for thess proceésss éra
derivad from the following effectiva Lagrangians, descr;bing tHe

intefactions_of pigﬁs with piuns{4].'nuclecn5{4),nuclanns and

(s5) (51

deltas .daltas

Lrc- w{ Ot bV (F1-1) & nid ] )

E\:MM =-— (Na‘“t”)(¢xa“¢)f . . .
gm (Rr5-T N)[(x {—‘E)au & 5 (v 1y éa. ] @

fm= tFe (E“M U“_zrsN)(Q«CPvad?)* 5m & m N)3- {f«.c- )

. f—na = araa [LA“(&;guu"au;?SU - 5«%;& + 5.;3) X”. ) 55 T A"]él’(b . (5) s

The symbols (p N and A danate x‘aspactivaly the pion, nuclaun
end Gelta fields, T, A4 and | are matrices that cambine two
nucleons. one nucleon and una delta apnd two deltas intoc isospin 1

states. The paramster % is determined by the group

" {1.1) representations of SU(2)x5U{2)

- taken to be 0,30 m

transformation preoperties qf the chiral symmatry bresking term

in the Lagrangian; for instance, it assumes tha values 0 or -2

. whem™ - this term transforms according te the (1/2,1/2) or

[4‘?); The constant fi

describes the pion decay and the value adopted far it is

(8} 4[5)

85 MeV « Tha axial KNM coupling cunstant is g“m =0. 996 me

" The vecter TMA coupling constant By iz related to the K&Hﬁ

Goupling sonstent BY Fawa® 33,,.,/{{ H9), the value of Bywa 1S

“[10). The axial ¥Wa coupling constant is

(5]

g.un =1.84 mq « Finally, gnm can bé avaluated using symmetry

SU(4) to be gq, =1.2 gmm[11).

Ons raprasants ay Tn,ig} the confribution to Ietqj
of the process n in Fig.1, when the nucleons aré fréa.
nnn-ralativisti; and have zasro total isospin. Thus one writes
e aa L e i _
< .q" a _q— .

2 T Z, £.(8) Ced
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Te(@ = £ Tn(@)
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.) N .
‘Here Cr“ 1s the expsctatinn value of the spin uperatar in the

fermion line 1. Tha uss of =sqs(2-5) and,Faynman rulaa yield

the following values for t“[q]

b ?,, {us (** 5/1?)/(‘%-‘44«:;) v (e sﬂ] o @
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Crv £a = - Brum Guwa Grws [Jg.-mi (2enn s 2D Jays ] o a2
tio = ~Jruw Ghww gue [dowk (huu e 3madegwt ] . 09
} .. One notes thet all but the first two ﬁmplitudes ars

prapartional to mg . Howaver, a partial cancellation veeurs

batwean the amplitudes t; and ta . their sum being proportional

to mg . This is due to the fast that TéEqJ vanishes in the limit of

exact SU(2)x5U(2} end this 1imit is formally achieved by lstfing
Mg o~ O
When the Humberston and Wallaca wava-funcfinn{12),

. containing a d-state probability of 6.953%, is used 1n 8q.(1) aone has

a.= ~(0.00016 953-"— {1+5/2§1 . 0. unsz;é,‘ tn) m3 L)
R e

. This result Is strongly dependent upon the d-wave content
of the deuteron wave-function, for only about 10% of its value coma
from the diagona.l 5-s term in eq.(1). The inclusion of TCAJA furmj
factors can also produce significant changes in these results,
raducing them up to 50%, as shown in Ref.[13).

When the numerical values of the masses and coupling

constants are used in the abovs eﬁuatiun ane obtains
='tu.uﬂ35-u.uu12'§lm;* - sy

The single largest contributien te this value comes

from diagram 10 and corresponds to a, = 0.0025 m? . Tha Ve

importancs of tnis diagram may also prove to be considerabls £o
dynamical calculations of TW-d scattsring away from threshold,
due to the pressncs of fwo delta propagators.The coupling
constant gﬂb_is a spurce uf.uncertainty in the calculation, for

its SU(4) value cen be as much as 30% 1naccurata{1i].

The result of 2q.(15) is of the same order of

magnitude and sign as ths contributions of processes pther

.,than single and double scattarings to ﬂx¢ . as calculated by

'Myhrar(15).

One noteé that the valua of thé paramster | "plays
an impartant role in eq.[15].'Fnr % -2 the ethange-cﬁrrent
contribution to agea 1s,$Buut 10% of the valus mgasursed In plenic
atams bQ_Bailay eat:.a;l.(161 and thsrafurs'caﬁ corrsspunﬁ ta .

obsarvable affects if the prscision of measursments is

incraasad.
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Figure Caption

Fig.l. Exchange-current contributions to TNV - T, Piéns are

represented by broken lines, nucleons by fﬁll ones and

deltas by thick ones.




