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The viork presented in this thesis was carrie
out at the Department of lLathematics, Universily of
Durhar in the period from October 19 to June 19
under the supervision of Dr. D.E. Fairlie.

The author gratefully acknowledges his indebtedness
to Dr. Fairlie for his continued guidance and encourage-
ment as well as the introcuction to the subject itself.
He has also consented that the material in the parers

vritten by hin in corraboration with the present author

nay be used 1u this thesis. The author's thanks are

LRs

also due to his colleagues in particular to Lr. M. Ahmed
ana Grahan Ross for stimulating discussions.

Owing to the cowporative complication of the
mathenatics involved, it was thought aprropriate to
include a fairly comprehensive cescription of the
general framewor!: of the subject. The quotations from
the other authors are ex:licitly indicated in the text.
Otherwise, the work is vased essentially on two papers
by br. Fairlie and the author and a paper by the author
himself as well as some unpublished works carried out
by the author.

Chapter I incorporates those works done by Dr.

Fairlie and the author but also reviews the important
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works of other authors. 1

1.0 claim of originality is

made on Chapter 2, whicn is necessary only to explain

the basic idea of the subject. Chanter 3, Chapter &

and most of Chapter 5 are claimed to be original.
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ABSTRACY

e describe the non linear realizations of chiral
symmetry group and study some of its implications
in elementary particle physics. In Chapter 1, the
basic concepts of non lineur realization technigues
are introducea by the way of reviewing the special
‘case oY the chiral SU(2)x:SU(Z) group.
In Chexter £ the zeneral formalisi for chiral
SUMm )x<SU(p) is developed. This part is wholly dependent
on the worx by Colemnan, Wess and Zunrino.

In Chapter 3 the method is generalized for local

chiral invariance to describe the non-linear pauge

-,

ields.

The Chapter 4 illustrates the uce of non linear
realization technigues in conjunction with the
phenomenolo_ ical legran;ian. This chapter is
introductory to the final Chapter, 5, in which we
have a.temptecd to use thie phenomenological lagrangian
ith non linear realizat.on of chiral SU(Z)xSU(5) to
calculate some low energy hadronic reactions. As an
important acaition, a description of Lroken chiral
SU(3)xS8U(3) is _iven. This follows the general schene

put forward by Gell-llann, Cakes and Renner.



CHAPTER 1

Mon-linear realization of chiral SU(2)xsU(Z)

P

g1 Ion-linear realization with phenowienological

Lagrangian

The "non-linear realization" apgroach to chiral
symzetry has received much attention recently. Heinberg(1)
vas the first to realise that the results of current
algegra technigues which have been so successful
in exwlaining several features of elementary particle
physics can be reproduced very sinmyly by considering
the usual chiral (SU(2)}) symuetry as a dynamical
symnetry of a gauge-iype rather than a conventional
algebraic symmeiry with a linear representation theory.
By implementing this way of "realizing" chiral symmetry
in a simple [ield theoretical model, not only the
current algebra results may be ovbtained with wwuch less
labour but also we seem to pet more insight into the
physics we are trying to understand.

tieinberg's techniques have been quickly developed
by a nunmber of authors(2’3’4’5’6’7’8’9)and now there

are seen tc be rairly simple rules to construct a ‘'‘chiral

invariant" models Zor a wide rcnge of physical situation.
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This elso includes a prescription of how to break the
Syli.etry .

It ie still very difficult to =zee if we can
cstablish trnesze tecinigueus as being basec on the
orthoado:: field theory. A&lthough thcre is considerable

. A\
effort(1u’]1)

to ertablish then ac such by, for instance,
stuaying the possible renormalizability c¢f certain
Lagrangian field theor; connected to them, tihe
complete succews in this direction is not yet certein.

In this thesis, the discussion is confined
siricily to the phenomenological side of these techniques,
that is to say, the cystematic construction of certain
fairly simple dynamical model with a "Lagrangian', which,
in turn, will be considered merely as a way to calculate
physical o-matri: elements. This last statement means
that I use this "Lagrangian' to celculate ordinary
Feynman ravhs with i'ick's theorem but I onl; talie a
class of IFeynman yraphs which are obviously calculabie
(non civergent). These are the yreyphs without internal
loops (so calle« tree grophs) and thus, strictly speaking,

these technigues cannot be cconsidered even as a

¢

[]

rturbation a.irroxiration to quantum fiel: theory at

this stage.



W
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(3a)

ochwin_er in his worl of non-linear realiza-

tion techiniques has sujggested the foszibility of a new
phenounenological theory' of elementary-particle physics
which would give the :hysical basis for the disregard
of various field theorctical difficulties in such a
technique. Although I do not discuuss the _hilosophy
of Zchwinger here his way of develownin, the non-linear
realizzation techniques offers the convenient starting

soint.

g2 OSchwinger's non-linear realizcotion of chiral group

In this §, we follow and expand the amalysis of

chiral 3U(2):8U(2) sy.oetry of T -nucleon s _stews found

. o L {2,12)
in reference ja( ! ).

he low energy rion-anuclecon system can be cescribed

(2a)

=]

by the following phenomenological Lagrangian
oL = 3L - 5 Pt T
+CF(;%——MM)W
- fTrTcyon
AR
{EtGr g (T4
(fﬂjq’r—q’( )

(1.1)



with 7ﬁv 1.0 i&’v veb pive. the coirect voaiuve Zor L
and P viave J, —.. scactering, leu_th (when calculated
vith tr.e _rois oul,,.

nezite vae doveriance ofoé’ uitcer wouel itotonic
S, i. rotetioi..

us —)lT—Q_éAII_' (1.2a)

v ——)(l-f-(i—:_,g?é)kp (1.23)

senwin,er owserve. tiuet arart iro the [ iol oo ter..

-

. I . . N : o . o :
Z is alzo invoricat uncer ihe jaule ty-e trancformation

vwheve the reowld  arareoerc SJ ) S‘# are assu e to be

Treacicraations of nucleon fiel's (T..b ana
1ela) actuall; . enerate upe chniral SU(Z)uSU(L) roup
anu ¢ note thet there the conveutioncl yk~ transiorma~
tiown of nuclcon Tield. undcexr tice cuiral _rov, his Leen
sepliced by trne acduition of ¢ niu_le ion to vueleos:
stetei.

Pie trensiorreticn of joun Tieldn |, cuw tie otuer

8uG, _ives the cenmidir.ct vrocuct SU(I:T.. ilou

-



Schwin_er further observes thet if we rewnl:zce the

"t{ranslation" (1.7aj by the uon linear trausfornation
; /
T - lT+J_2"+(,ﬁ’ )1(21_![17-&")— 7]'152‘) (1.4)
/ﬂl

then voth nucleon and wion transformstionz _ enerzte
the _rou] 8U(2)xSU(2).

The jencratore of the transformation (1.%b) and
(1.4) are the crerators containing the c¢ifferenticiion
with respect to ion fields II.

Ve way write (1.2a), (1.2b), (1.Zb) and (1.4) in

opcrator form as
L 17+(L{ﬁ-1)ﬂ
ql — LP*P(CY,F’I,)LP |
T - T +sa )T

¢ — Y+ gy )

with

. - _° :
.I.: = - Le.'.J'Q Uﬁi (1.e)

(39D, (T2 ,)af (2, (1.7)
Cri= =5 { 5 (-NT)+2X70:5 }5%- (1.6)

(CT-/)J/t’ A (}; N q_';'>:d/{ (1.9)



where we write 20;4;4Ln and also For thoe cewne of

simpiicity, we have used the infinitesimal parumeter
. . . g /

of chiral trans.ormations {J=7]-&é.

It is easy; to show, by cdirect conmputction, that

[CTL/G,‘J":G'-]“ 1e (1.10a)

[Ic, CT)~J= LG"-)’KCT;; (1.10b)

in adcition to the fariliar i=zo-spin aljebra
'OE - ’
[ IL/ Ij J' Cire LA (1.10c)

n

r G.' and
i

Iy
C

ne same chiral SU(2)xSU(2) algebra holds
Ii'. (In showing this, we should rememwver thut the
rucleon transformations (1.2b) and (1.3b) are wriiten
in term of contraj;radient components of a vector,.

The non-linear transformation (1.4) can be regarded

as a simple _eneralization of the trenslation (1.3a)
iu the tence thelt it is o sukgrour of conforral

transiorwations in >S-uimenszioncl euclidian s ace.
(1.2}, (1.3b) and (1.4} with chiral SU(2)=xSU(Z)

realization o¢f chiral [ roun first studied by VWeinberg

ané Schwinger. Wow it will be im ediately observed

4.

that the lagrangian (1.1} is not strictly invariant



uncder these transformations. ©opui before trying to
peneralize (1.1) to "chiral invariant® form, it is
more convenient to study some msthenatical consequences

of these non-linear transforiections.

8> <“he relation withcchiral 4-vector

The exprezsion of generators of the chiral
SU(2)::6U0(2) _rouy (1.6) and (1.8&) car be used when
the _roup i¢ realized as a transformation _rovp over
the field of arbitrary —-olynomial or analytiéal
function of(T&_)fi. Qut of these polynomials, the
convitruction of actucl werresentation (linear) of
chiral suU(2)xSU(2) _rous may be attempted. That we
cannot get an arbvifrary ineducible regresentation of
chiral SU(2)xSU(2) group can be seen by computing the
operator zroduct I G and G I.

I _et frow (1.6) and (1.9)

LG = (-1 Tis g, ) (55, ) (850 (107 T) 42X n,T,,)‘,r
(—' Eist Tis {(B -2 Ty ’f'z)z( SﬁT}r-forTl))"‘
+ {537 (-¥T) +2 X T D3mean,

IG = (7) Eisy Tis] CA DT, + QT2

1y 2° 1
()T )2T¢I)T +2A rTr /ﬁ')ﬂr}



e O
ce Ji G=0

Similarly I get

fax

|
1
O

)

I G=¢CI=0implies (I + )% = (I - ¢)° i.e. in

Ir

constructing the representaticn of chiral SU(2)::85U(o)

- ! .
out of analytical function of T[p, then any such

representation contains the irreducible commponents of
. h nh Teoa o (T £077 0w +h

type ( /Z, /2 ) N,integer only. (I foliow the
usual notation for irrccucible reipresentations of
chiral £U(2)x8U(2) by writing it as (J,,J.)).

This condiiion is also

o]

» sufficient one and any
arhitrary representation of form (J1,J:) with J,]=J2

may be constructed. To sce this, it is sufficient

to explicitly construct the lowest (J,7) representation.
o

This is the so-called 4-vector representastion and must
i

i".
be constructed as a function of '17,»0 . (¢ol_),<=(
[4
Py= G(TV
t
Qpl = F(Tr )r‘- =12, 8

!
whichh under the transforination of?TpdefineQ above

(1.11)

{(1.2a and 1.4) transform as chiral 4-vector. (Or



9.
vector in 4 dinmensicnal euclidian space}. The transforma-
tion of )) punder izo-spin rotation (1.2a) is obvious
and the forums of G and F should be chosen so that under
the chiral vart of the transformation (1.4) q& and Qé:

transform like

$P, = 5. ¢

. (1.12)
S¢L ="¢‘f"ydi
Usin, (1.4) §T = §¥ (§:: (:-)’TI")-J}Q)’]T,-IJ)-);’_. in (1.11)

i.H.8. of (1.12) becomes

Sby = 2G (- X)) T 54 oA
s = 2F (1R .§£ T./22
+ E(CF Tt +2X° T 84 T )/

vihere / d({ /T) "’:/, d/_:(ﬂ‘z)
aTe q 7?2

50 that (1.12) becones

2G /(4N T8 [2) = - F L4
T4 T) 20 F JR-{4 T: /23
TE([=XT17) §6 /23 = G ol

or

= -2G (14T )/2) \
=-4, FO (AT

Tz - F (4T
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oL Cii. Chwoil, inte_rwuce (1.71.) anc  ct the _rnernl

o

colution wanci. iu ro

(1.1%)

L + aeme

Wreve «ois o wreitvary coustont.
Lt i oees, to caec. taot (1.14) actielly - tisTics the
original condition (1.1u).
4
viic b-vecvor coi-oncates (?@2‘ ore not Iiccendent
‘A =l -
ant o tizly a coucsiraint
1
2 2 )
@i+ R = U
st fo1 tie wrbitrary consta..t a, we cheouc it so that
~ = 77- +0(7Tz) “hca a = 1 ane the conslraint
L - L - - -d cll a adia b -
egquation is i.ow

6¢¢Q'+ cpz = %ékz =

(3

LA
“fo

g% Gursey-Cole.cu-.uninc-iccs araneteri:ation of =+
fields; iinearizztion ox nucleon fields

(1.15)

whe ciwplicity of wuin, « (lircar) rewresentetion

ic that wve cair alvays vormally “nteyratve the cifferential

1

rprecsions like (1.5) b, ucing, eox.oneantials. In case

of tne non-liancuor trensformetion of 7T field:, we can
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]
derive anuseful jarameterizction of]?ﬂvdih the aid

of (.,.) reyresentation constructec alove.

The simplest way to exprews the linear transforma-
tion belonging to the 4-vector or (3,7) represzentation
of iso scalor - iso vector pair ( qg qu is to consifer

the 2xz matrix

- b.qT (1.16
M) =-p+iT !
where (czilsare Fauli matrices.
‘then tle qgral transformation generatec by the

= i
infinitesimal forms (1.4) through (1.12) is(“’})

\ - (T.d LE.o
M) = Mig)= EFE Mg e

/ - ., 1y . 0 .

¢ beins the transform of by an element of the chiral

group with finite parameter o . Of course, with

resyect to iso-spin part of the group, we have the

usual
‘E L

M(P) — Mip')= eFEM P TF

In terns of original ﬂ’ﬂ . M(¢) is (from (1.14) with

SR VISR ) U R S
22 1tan? L+ N7
i |-'X'"24’2'\ﬂ'1

IS ER Y

(1.17)
N S S/ A

e

2A =0T T

i 14+ ATT

e.'N(4))___: M(W)‘Z—z

= 2T T
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and (1.17) can be taken as an intejrated form of

(1.4). (%)

v
0

= \T. i 4+cA /T .
HOTT 40T REE M+oz-1 o4 (1.18)

|=iAT.T |~ T/'T =TT
These relations with linear regrescentation automatically
guarantee the consistency of the original non-linear
transformatior. as a groun operation.

Vthen the integrated form of pion field trarsforma-
8

tiors (1.29) are _iven, there is an element of the
chiral _roup c¢f special interest, i.e. we nay look for
a transformation which reduces JC i's at given space
time point ¥ to zero. Putting the corresionding
parameters of the chiral transformation -~ g;(J) ,i2b 2.3
(0,9)

i= 1,&,5, wWwe have

F® (L OTO)T G R

e — €
|=<AT ()T = |
or
et?'sf’)ﬁ |+ AT
I~ 2T (1.19)

(1.19) can be reduced by using the prorerties of Pauli

ratrices



oo VT i F2 pAE _ LRT g7
X (AT 1+A’

=T e (7

3T

S 1

|+ T° Ve

and (1.19) reduces to

P e ta.lFv2)

s I = _L (1.20)
T e
also, the linear quantities can be ecxpressed in term
of new parameter
-0
: b= !
¢f‘ = 3 4—-1 = = CWV:?—,
2Z) L+ 24 2)

- _ T _ 5ol
142717 V3

The transformation formula (1.17) can be written as

(¥}

a transformation amiong corresponding parameters

TS TIY W T T/
e _, € =€% 6116/1 (1.22)

/ ;
where _% and _% are related to T and L through

(1.19) .



{lewe, 16 reizol.itiune 1 te Followin, (vi.:€.

] m i souatity (1..2) ceir ve trei.or .-
1l LatI'i.. C. daslivy e} CCli L€ Crelle,lOoX..w.o el

. i ‘?/'
(e:i-l‘/z e-‘i-l‘/z) eiiT/2
(e-:g.‘z/z e—:ii/z)ﬂc.;q.’:r 2. (1.3

wi.ce all tee Jzccovy 0f (Mee. ., arce unitory - w.irocdular,

the vnole noeri: U 1o re too il €Y e vricvien oS

an e:roucntial Tom

/
U - e-—-fﬁ-'# /2_
- , -«
iatrooucin, ¢ 4o O rewl ar LelLers q-(e encili, on

of cud :E .
LG
. . . SRR (L
Jhus L ocaw vrite (1.2_) as ')

2-T/2 (3.F/2 Rp/fe TR
e+ e = € e

: c.;.:\ T/ e-c;'ll‘! - é--'fl'zlz e:?'#/z (1.24)

(1.24; aciwwll, _ive:r the jroducc or w0 succeisive
ciairal traasiormetion. ¢ Lein, vccoriose: inte the
cLeltet vio& clilaul Lreustor.eztion and an orcinar
igso-5_1irn ireéacioi..aticn. woucl a deco .position 1s
e. sentialliy unicue.

In the couvenrtional trectieat ot chirul ivvorianc.
tue ( ,C) (G,i) reprecent. tien, . ..i_neu o tic rucleon

. . ) . . N Oy - . .
icle is el reasec 7 oupio X}if&flf\ . (o cwveicd

tihe iutrocucli.z of a jarity cGoullet,. It i. clear



that (1.24) can ve written as

e :Q-I/z-ke:;@/z e

Vet < /2 (1.25)
= e" fe 1’

Yor an infinitesimal warameter §é, I sheall comiute

. . ) - 4 . - -
exlicitly the value of ‘:z in teri of 2 ana 5‘?,/ -
e . . . '-'/._ \ .. - ;
First eli..inating ;; irom (1.2L), and takir; the tcri:

Tirst order in Jdonly, I et

(T2 ) F) + 4 ((F/2)(- £ 54 5) [T T[] = 0

Yrom this I ,et

U’¥/= ('___——“"'\)0_?/‘) 3152 (4004"))
?z

i.e. frow: (1.20).

:4_/= XTASL (1.25)

Lut (1.20) is precicely the varwmeter ag;earing in
(1.3a) c¢efining ithe infinitesimal non-linear trans-
forrmetion of uucleorn fielaq (J/under chiral _roup.

Su.pose that an iso-syinor L%f(which i5 also ordinary

Lirac cninor) transiorm:s under oxn infinitesimal

elewent of the chiral _roup accordin; to (1.3a).

o {1HiTh - OmAld) }
= ( l+£¢/?-"'4/)q)



et w. cofine the der Jdeld (’f 1. e . pin cae ico-

. A . "
PTEEV \ LGl Cl el

({' - eci-$/z'rf'(_l/ (1)

whe. frow (1.2, the trincioriciion of uneer au
iizdiciver ol elelint o clLiraol. row. uwill Le
L] /, / ’ /
\ . 20¢
T e'*? P
3 /
n eci"l/z e ocWFl2 q,
- C__,CS'.EI/Z'[r e:i/$/z‘b'rq)
- e:‘:l"I/ZJr &E‘

i.e. q{_# Q:MJ/:J(&P—

/
17 ve wverive '40_ Ll orcelr cu é iz tie nei_ilourhooc

oif dap », (1.2}, L c.u cousidew

&P—ﬁ 8:441./2 (P (1.2

1.2%. e conristuse;

el vhe iute subew Jor. oo (
0y (lear ) ¢ & ,mcv- orevetio: i: _uorentued tlhrouh
. - . rd N . - r -~ -

the welotion (Taez,; wne atris occur lit, (1.07) Wy

z

the Zd.occy wriuusleirtatioo

&I[ — e'2Fils @ (1.2,

Ll L NETC IOV Uil e waC L ULesadEol' Lit.as.or.. Tlcrs
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—~
[N
~

gl i.ovoriant La aci. ini. Qiie co.erlont cevivetives

I now cowc bac! to tle la_.:nziair (1.1). As
hove bee. ru.ari.e in g1, {(1.1) ic not reail; 1., wiavt
under the non-lilcar triu.iow. ctiecu (1.39) 2nd (1.4].
in s arciculayr, tle cdesivotiven il atl_or :}(f ally

trencior.. in v ther corrulicated oy uwider itie non-linear

transfornations ane cir_le iso-upin invariant coupling
canot yrocduce ot iaverient la_rangian. %o {inc

tic way cc construct chiral iuvarisant la, roiay

Clos

ia tnils gon- linecr recliiation scne.e, wll wicl. ives
the fori lile (1.1} az ¢ relevont w«_jro.i:ation, one
canl G, loit tre vels vion witi. linenr re resentatioas
ol cliral _rou tircusnsec ziove. 1t is cosy to
coagstruct ai fuveoricat g rengica i teln.o of tue
liacer re. rcuentietion lile Q' or Cfd iptro.ucer ir gor

onvarcg. ‘Thus o ciigle cliral dnverient _enerciinction

o tii¢ ovuiuar, iLcoe-suil lunvoricat ﬂ—'\/la~r:.;1__ic-.1; vith
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now eneral ig the cuanstruction of invariant legrangian
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ctivec® "o malke the

later _euevalizution tc chiral SU(3) rore straightforward

- (8)

1 will. follow the argument of Colemasn wna Jumino

- .

an original treatment of Veinberg, in

=
M
ct
=3
o]}
1]
ct
N
jus
o
-y

ansvierin, this problen.
buj;ose that.lg is an arbitrary criral invariant
larengian
L LT, 2.7, ¢, 3 4w)

should be invariant under the non-linear chiral
trunsformations (1.1¢), (1.14) and (1.26). 1In
rarticular, the siecial transformation discussed
for the introcuction of the ; arameter E%_(J)(1.19)
should kcepcl3 invariant since this can be formally
considered as & chiral transforiation with parar.‘.eterﬂ
veinpg equal to fgcvwith arcitrary but definite space-

time poiant x. If this transformation is denoted by 3,,

"

as a menber of chniral grouy we pet iror (1.1G)

g¢» LW =0 (1.43)

The replacement of & by -_-2(1/\ in (1.24) gives f‘ﬁl.; o)

1
o

S0, for the anucleon field

9= G(n) (1.44)



A%}
.

Thus at any given space-time roint x, the invariant
lagranéiancz: reuuces as

LTy, @I, ), S uy)
ﬂ[ (o), gz@rl()), (/zl)),?h?r‘[fm} (1.45)
=L7C 3292, 4w, 89 Gm)

As for the quantities 31%---. one rnust remember that
the space-time point x nmust ve considered as fixed so
that the g, is the chiral trancicrmation with

constant parameter (not the local chiral transzformation).

Thus

- D _ .
Ja?,,](‘o;h [—a-gr y,f[)lf-;)_]y_—_o (1.46)
Now
31 u/{]_,_.é) - eo/_v}_($/z q/“_‘_g)
o i+ AG Tty T
= A+ T (AryH)T

7/ . ;
wnere the varameter 2_/ and ¢ are _iven by the

matrix equation (1.24)

6:63{)}- ¥/z e-l_—c,fury)-fl’/f__e-t&?ﬁ"/?ec“#@ﬁ _

To compute the first derivatives t il y

e ~ ~ 1 -
is enou.n to

5
b} e

estinate the above relationc unto first order in
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(It is acsumed thit the "fields" ~§§37 and L}{J) can be
consicered here as suitebly smooth function of %9_).

Thei. I have

eFBOE GE RN, (1402 (r34))
Ix Y+4) & YPhary) + N EY

AT T(ey) e CF72 /2

So, from (1.46)

QY - Y22 Y
c’,\fzg,gr.g - @/2 -y
o FN(YEQZ)_ LFEVi) oF +:5.%/2
T Q9 =L IV I 137G 037
1%/ ?/ 2(__ 'ZL( €‘j$/?; 662'7-’/2__ etiﬂ'/?e 6—2#/1)

-5 T EFh, —FFl
6tl<2r(%/=~{1%rf+i%(€ Qizzgze?:iay?4-é’ ?%.6’ .);}S/)

R/ BT Rk ~ITA
cz zj,@/vm; T ere P TRe )

But these expre:sions are just the ones appearing

and

also

L

Thus

when I have defined covariant derivatives. Thus
looking bacl: at the transition fron (1.32) and (1.33)

(6)

to (1.35) and (1.34), it can be seen iinrediately



27.

=V (-I/ (1.47)

- V,"—t (1.48)

From these discussions, I can counclude that an arbvitrary

chiral invariant lagrangian reduces to the forn
& O

o[ * //(erﬁ); ‘f{]}, g(/{u) (1.49)

On the other hand, I have just zhown that these
covariant derivatives transiorm similarly to an iso-
spin type transformetion (1.28) ( I=} for $7- 5‘

I=1 for Therefere ifOZ? in (1.49) is constructed

in an iso~spin invariant way out of these arguuments,

then it is already invariant under the full chiral

<

SU(2)x5U(2). BSo a general rule of constructing an

invariant lagrangisn is the following: 'fake any iso-spin

. . . s, i -r’ , ,
invariant lagrangian which epends on [Aonly through

its derivatives. (The discussion above, in particularéﬁﬂ]”=0
shovis that there cen be no explicit dependence o@y{ﬂ).

Phis excludes for example, 1) -uwass term in an invariant



la rongian; and ve lace cle Cerivativ.. ¢z the

~

fieras b, corrc. onting coviriant aerivative:.

wnus rile ol course e lier to the Lyoste. ith
Yploas" wile iy LWu.or oo fieleaes witn arvitrar; iso-
woin.

z) Variational nethod

In the current zl eura apjyroaci tu chiral
syuiLeiry, it ig the vector auc anial vector currents
ruther than the lea_rwngian urici: are of central
i ortence.

if the functi nal {1.3%) is touen a:v a field
theoretical legren_ian, the corrcs.onding currents
can Le derived throuph iloether's theorern. (Gell-liann
)(14)

evy « uriting the infinitesiwal parameters of local

-

iso-s,.in anc cairal trensformaticn $¥hrand {g())
recspectively, tue usual cx_ recsion of vector and atial

vector curvents e found.

Y
JYTL g‘4$yp _#:o

r. _ & (1.51)
- 52‘--/- ¢=0

vhere

olvr 3.49/cX. jéyf z Q%_/@

(1.5C)
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irst, let us conzider the systen

- b ' -
w1tnTr;'s only. The

invariant term correspondin, %to this ic (1.39) is

L M

" Z Q)
= »EVE

Then the variation of 2,- 7T_ due to the sizce-tire

(1.52;

derivative ol infinitesimal iso-snin and cairal trans-

formation jarsmeters are frow (1.2a) and (1.4)

SsGT == TPNT + boam paobond T, 54

5491 5'_)} Qe(-ym)+ 23T ie )T } (1.58)

The suifixes "is™" and "ch" refer to local iso-spin and
chiral itransformation respectively

Thus

~ |

disg = (77‘_1—"_)_ 9 gé-@‘A;;.ﬂ)n)é bwne  (1.5%)

_\ et DS
Sad = Ty {q’x 193 0157
tex(n Q1 N1 '9,.3)}2—"/\ +{2 (5

(1.56)



So now (1.50) and (1.51) give

y = I’__ﬂ_pf_l (1.57)

f" Q—fx'ﬂ7 " 9

Ay _ AT+ AT LT

At - — ey | (HT3T+ A2 2)T)
(1.58)

Com:.cre this with the bilinear for:
Vrz*_Ar-z.
Frox (1.56) and (1.57) we have
(V24 hpt) X (4R )
= (T2 5ot (" MRz +R2Qn)n )"
= I) - (39 z)"
+ e (r,;/.n)+(,- yTmas) b0 T’

G X

= (lf’ﬁ\ ] ) 6;) i) )
A"

Gz
\/’,1*/4rz = ! _?f'_'i_)_.

(ATt

Thus

or

L = 27"(\/,}4-/4/.1) (1.59)
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s A PO a4 (15,18)
This is of the fori considered Ly JSugawara .

The nucleon contributios to the currents can he
derived by using the rest of lagrangian (1.39).

With the same notation as above

$4Q C//;cq/c}f_d/lr-a/z Lf +{2 m

(cf 1.28)

and thus . l__Aznd . |

S = MTAQRL T + s TAYfdah)
4—50‘ (oo

= (A7 M2 Tfe =57

”‘VVW' Hl’fr‘ 2
+ (4 (e

also g‘w\q—a}m@({/ Vf'st
{ @4t () 1)+ 28 (1 242)T }w s

Hu" ) -**

zn [+1’TV
+ {7 (e

Thuzs the nucleon part of axial current

‘é), = S‘oe/./”/d 2o
¥ / (”/IT)%

l—mzn'
* '}é{ |+1*"‘ LM’ ]‘“’/’%4—

==

cm)q/}

(1- 60)



For the iso-gpin trencformaiion, similsr argurents

lead to

=GPy ) = - AL Tz, 248) 0P

42T

_ T 124 QT I +04 b
_ g T TNy
Cs($ 452 ¢pro )

=+ GhpzFoUSfIT +E b=

anc thus
NI '
-’Zf ST & /e b// (71/
-+ ‘%Tu_ﬁﬂcp (z:;:f);{k (1.61)
iy .. Gyt
(W)u-f)»ﬁ’qa;r )(f

In the lowest order of F, (1.59) and (1.00) reduce
AN a—

Arf\f.ﬁ ¢J’,Jr T/ ¢ (1.62)
V[ /,_\’ JJ] ',:/2 q/ (1.63)

(1.6 gives the a:ial vector couiling constants to
rnucleon as 1{
c?. = (1.64)
v o
Thus G,/G, can bte accounted by -1l contact interaclions
£ v
in (1.39) (or rather auproximate (1.1)) which in

fact doninateT[ -ii scattering lenyths. Thic is
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essentiallytthe Adler-.eissber, er releciion as have

. : - 1) e . D
been notec by nelnberb( . Yurther, the nionic part
of cixial current (1.57) pives the a:iial vector coupling

to single pion as

Fefz == Yoz =_%_€%,._. (1.65)

‘\ h) .CL e=. +\ — - F"{
Giv T¥; o
Un the other hand {;}“.is the coerficient of derivative

tyve Yukawa coupling in (1.1). Resulting nucleon-

role tern in TT -1 scatterin; emplitude (with tree-_raph

2]

used to define N~ Jf couplin, constant ; as

only)

¢ . £ (1.66)

2 W’N /"‘ T
and thus

%‘l i (1.67)
v

Z2mv +,7)

Yhie is Goldberger-Wreiman relation. Eretnrer—rfeioomns

2 s,

It hrs becn slown thit stion g rwuglian (1.5

ne
~
(]
5]
o
o
(4]

written iu current-current forwm. (Sugaworec type..



Eairlie(1;’1b) has shown thsat the came exvressicn
nolds vorxr the entire TU - lagrangian if certain simple
term. are added to (1.39). “he ori:.inal cerivation
using awirectly the expression (1.55),(1..7), (1.59)
and (1.60) involves len_thy arithretic, sc I shall
leave the proof until the next char-ter wvhere the
convenient exypression for the curreni. is obtainec first.
Here [ shell state only the result. Using the
e:presison of total cu.rents
—_ i
O —m ZAI‘\L
A= 4% T
I D'f{ =21 T AT _u_._'g}(’b
[ (+xm 2 (+2~0 -
- | 21 e )
=) (IFATMYQ T 2227 1T T
(+2* 1) ?7\[( [~ )z
ana L3 1 AN 2
Vi q:()r? AP T | AFRC }c//
f I+x Tt Z |+A‘7’""
£ _2A__ g
- T AT
Fo FATLZ 94?.3}-CJ.A.. ) (#f
o+ (Tno. 7. )
2
(Trxr-rl)

WY e sl LT ) R ZY))

Since the 3leulon of non-derivative terw

22 {(Fn 2 )+ (f (%5 m/#) }

1.58)
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curicLts, trne neu logran,iwai

Lol 2 Z{ICWT/‘”’)I‘*—;(()EHI,TA‘QI (1.6%)

is o1 cupavara fornm
o[./_; ?27(/_)’-1_'_(/"‘2)4— Cﬂ:&ﬁ/wmmhf -Ampm‘f,j (1.°

1% haet Leel. _ro_.oted thit the fi--cint couniuct

oi i ty e (1.¢%) cin o ovooind i o er.tanéiog

. Co . A% .
Li. ener_y uucicoi-nucleon i teriecio. o507 Lo welate

Titic ddoe il oLt cuoveaL—-culre

1o acticcclive apne eve. cercai. “uueric: l cucce. & L.iB

cL e
(‘ [ R

sccerdia, Lo ihie eutihors ci (Lled. 17), i Fferential
croLi £icition sor - ciawtlic cotteria Zer nin

g..ery, —ar. e poumeicu . trint i bucci.co ro:ortiocial
|
co C% {t):icre Chqcﬂi: the “rotor ..a_.itic Loril
M
IﬁL*O' £, ou__C.ot 1 E orceclic el for
[ L 1 ¢ o LLC Lﬂ-,i‘] 2
qt QL) [4 Thy (\‘)ff’f)('s.,
where woie conztunc ond ﬂ(ﬁJ is lo: .ranchul triejectery .

In bheir anclycic, iv we.. _ouud

Q/\_o\x,(—_tﬂslr

interoction
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0w LR L oBe Tt e cor_ute Ll . LilvdT guite

Maivel, accelCi.n o ¢ e =St 1ol Lo terzefion (Moloy

(Caiviic Tese It i #ovie i T.e.. 1o tiooc i dves

[

the correc oun.iua_ cirxeres vill . =..ectio.

ao~ (:+(#/,z..>)
L F - gy
Y. tic re_ 'S —€ >

0 A [dP\ a?Gy, (1)
%E‘d>t-o T"(

vhore ‘- \/_(H(}{;) ) N

(.. the otiler naid trne . litude icocld fro.. (1.C0)

ic re