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y.noro Li (p ' j i s the unitary matrix depending on the pion field 

f, , /• ^ '2 iev i s the weak pion decay coupling constant and 

'* is the nucleon nuiss, In the ch i ra l theory under consideration 

^he jnlt- oi Uie strong; coupling of JT//~int;erac fcion play с the 

,uai l i ,; /l"> • - ' l l e pheno penological constant oi Jij4 - i n t e -

0-1 О ic connected \.ith ^ - / p by the 'loldocr^er-'Pre 

1 , : i n t LOn 

•.here 4 ̂  is the axial current constant,, 
AS to the origin of the constant Q A there exist two points 

oi v;.uv. . Lrctt ono can regard the origin of Qfli to be the 
cii.ect of higher orders of perturbation theory tr. the constant 
/ fr . Second, 4,, arises when ior the realisation of Goldber-

.,i,r-i'reinian relation in the tiee-a.jproximation, one inserts, into 
the ljâ i-an̂ ian, the non ninimiil Ln the number of derivatives terms 
of ЗГJ\ -interaction . e keep here the .Lehmann point of view' ' 
that the origin of Q.^i I s coniected with the higher orders of 
perturbation theory. 

In the present paper the renormalization procedure for 
а юпро1упол1а1 Lagi'angian is formulated and a number of relations 
between the renormalization constants (like the ward identities in 
filial-invariant theory) is obtained, lor the removal of ultra
violet divergences arising while investigating nonrenormali-
zable prrt of the Lagrangian we use the superpropagator ше-
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'. e have considered the strong vertex of -interaction 
and the weak vertex of ft -decay in the one-loop approximation, 
hen taking into account the renormelisations thuy leau to th^ 
same value of Q„ . This follows troia the axial current conserva
tion and confirms the chiral invaxiance o± the accepted гепоп^-
lization procedure. 

iinally, the last question we discuss in l-his naper concerns 
the estimation of the contributions of higher orders ot pertux--
bation theory in. the constant I -=r \ . !'n this со meet.on v.о 
consider the contributions of the tv.o-loup approximation to the 
pi on polarisation opei'ator. '.he perlorraed calculaLiono shô . that 
in spite oi che lact that the expansion paiaiaeter is rather large 
[ ^H/(/ijrf:~')'~ = L\eb\the contributions of the tvo-loop апрюхша-
txon are relatively ::raall and are not beyond the accuracy oi' 

chirtil theory {~LO-yO, ). It should be noted, that our calcula
tions have 'i model character, e do not i,..ke into account, lor 
instance, the interactions Lth all other hyperons ..inch conLri-
;.ut ion ,iay be very oonsideiuule p - . ''herefore, the quant itative 
results obtained, for example, lor the value of Q^ , should b̂ . 
treated rather carefully. 

• The rti:ioimalization scheme. The Ward identiti.es 

onsider the nonlinear La^ran^ian (1; invnriant urn:--." the 
'(/') y. '.'l:(d) group taken in the exponential pararaetri zation. 

'.'o calculate divergent diagrams in perturbation theory v;e 
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iihal̂  u a the superpropagator method, according to >hich for the 
removal ol- the livergences one should calculate the v:hole set 
ol" diagrams with the fixed number oi' vertices and arbitrary number 
oi' j.nbernal lines, in this case our theory will be finite without 
i.ns-.rtin̂  the counterterms . However, Irrespective of problem of 
ultraviolet divergences the calculations by perturbation theory 
ro.-uire the lenorraalization of the physical quantities, according 
tu this ..e «hall insurt, into the Lagran^icm, only such co&nter-
tur;nij !:Lt;h renorrivilize the quantifies of «he initial J-a^ran^ian 
(i; (,1'Lelua, -ms:-es, charges) and shall not insert the counter-
U-rms containinc any new structures. 

:.e should, ho..ever, take care that the lenormali-za Lions do 
not o. cil; the Initial chiral symmetry. This i-equirement puts 
:i;i L:I Lto '. junds between the renormalization constants Jiat results 

in Ъии оа;;1;илс& of definite chiral ard identities. 
'.:u:;, the insertion of the counterterms into the i.a^ran£ian 

IL; u-iuiv 'lent *"э t;he ronor;:iaHzation of the quantities ii\ the 
i-.cory : 

ho counterterms arising under the renorraalization 01 the 
ii-een functions are: ~~ 

+ counterterms which do not 
f - ^ ^ - i y . . . , ^ / ^ ( 4 2 - i ) , 

cunta-n the spinor f i e l d s . 

. I'ora ecj, (2) we have: 
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Z = Z 7 

z -z z z'̂ z'" 
Nov/, i l vje "Aant the counterter.is In the bagran^ian to be cliiral-

invariant and to reproduce the structure of the Lac^angian, v'e chall 

demand the equality 

Z-^ Z_ ^ " ' * * "Z- n„ 

;o the i 

Z = z1; 
This, In turn, leads to the relation 

to be held. (A) 

(У) 

The obtained axd identities (3)» ('*•<' and (3) follow iron eq. 

(2) ai"i irora the ciriral symmetry of the f-i^rang Lan. ?пг consi

deration of рюп-pion interactions also leads to a nuttier of men-

t i t i e s between the renoniK-.lization constants of pion-pLon ver

tices. 

Hence, we have J Independent renorr.ial Lzat: on ronotants: 

/ \ /_ __ / . 'hey are I4xed by the normoli.zution of the 

proper ^enormolized Ireen functions (see fig. 1): 

^ ( tA) .- О , Z 1 ( Г Л ) = О П'.'о ) =0* /-- ' о 

г , р > _ /тик fid'; 

»0 In the case of m л --• О , П л <<-"•) = С 

7 



''лк.лс into account the identities {J>), (4-) and (5) we obtain 
the unique finite expressions for all the Green 
i an J t; i on s : 

GR =Z"G , DrZ*J), Г, = ZS, DR-Z aD, ( 6 ) 

v.here p and Q are pion-'iueleon and pion-plon ve r t i ces , resp. 

"ho re -or.Tialization constanbs are determined by the following 

e q u a t i o n s : 

Z =2 Z - l ^ : W - ^ \ Z u - Z . r

 ( 7 ) 

i . 'tie calculat ion of the strong ver t rex 

As an example consider the three-point vertex func-clon 
(see iig. 2) 

Pi / " • " \ p. 
i A = z r r 

big. 2. 

Lut ue calculate at first the re-normal J nation constant ,2Г_'21У12 • 
in uhe one-loop approximation the contribution to the ^ l r 

cone: o*ily frrra one diagram (Jig. 3) 

a 



U , r ) r JL*'-Kl*4-)lr*)'~-'l-\ 

his integral ас v.eli as the folio. Lag ones an Lu с 

by the same divergent iiifceGral %J ; 

Hi*)* -]M|41 + J ) , Z ' n M - i Р > ( Ь J) 
•hero h = ( "Tk) "- ( ) t:l- ; m d 

'he m t e ral „J ((A)cari Ъе calculated i../ the :-u • o.f i v 

technique (see. append 1.x;. As a result, u ;i^ve 

J (iM = [ Ц ^ Г т .̂ c - ^ ] s - 1 ; v/ _ 

l i t r e С - !."'.. V/ . . . LS tnc U u l e r coi:. c;L'i..t. по:., '; . . ul \ ; : - ; 

Z r . = z h z t - i < ^ ( i> J ). 
о isiUur !iov the v e r t e x iu:i': ':.o:i J . :i the ,,.'ve:i ..; 

aa t ion t h e r e -ле * vt-r tex 6, 'sf^roio (. . ' - , - ,• 
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0, S 

1-iE. 4. 

• upaj.-ati.ng the Lorr. tern, ve come to the lollowing oxpres-
SLOn j or the vertex function 

Г(Р^Р,/^Р^Р^^).1 + Г^ 2Г'^ -\'Л 

-.here J corresponds to the diagram 4a and j corresponds to 
'i-u and '-vz, in the :aass shell we have 

,/Л ( Лк 
С2л)"к- Ju 2-P.i;|V>0 2 ' ' (14) 

" U V 1 > ( Ю 
} n 

(b (1 *- J V 
•lence for the renormalized vertex function on the mans shell 

.• e i ..rid 

(15) 

u^stltutin^ the value ft -O,o6 and J =-0.^5, obtained by the 
г.р.-raethod, for ^д е finally have 

•. "he calculation of the axial constant of p -decay 

i'o show the consistency of che accepted renoriaalization 

10 

http://upaj.-ati.ng


scheme and perturbation theory v.ith the basic retjuire-nunts of 
chiral-symmetrical theory, in particular, ••.ith the Ooldb'.'iyer-
Treiraan relation, consider the renormalization of Ihc a>. Lai 
constant in the weak ft -decay in our aodel. i or this nurriose с 
shall add( to bhe initial Lacrangian (1), the terra deEcri;. Lnf 
the interaction of haurons vith the '• ea*c • . ton current 

T-' = J L- (V/) 

where J,r = Л ) г 7 Ff 1- f Ф f $r ) ' , Ц> 
and jV i s a covaz'iant derivat ive oi the i'orrit: 

The re la t ions bet ,een the renor .laiization constants, obtaii-d 

belovj, J enuire the i.nsertion oi the quite aeli.ned cojnterf:ern.s 

for t h i s Interaction, na:riely: 

Hence, the renorinolized axia l vertex of ft -decay :s 

( i) 

1 , <•-•>) 

•.-.here the contribution to l- со les irom the ijljov' .n^ dia^ji'a'is: 

±6- l; 

.a lculat ing ±п In the one-loop auproxuaatiori, '.e obtain 



x • Г = Y / - ' - м ~ ( ( я г д -*М>(А-кЛ!( - ._ Л к ( 2 1 ) 

V l ' Y V ' 5 ' r ' j r S ( -"-F) ' ! . ) i .K ' -M.^. t ]UK-i^-wSit |Llf«< ' -<l • 

'ri (;hc -lucleon mass s h e l l l o r t h e t r a n s f e r Momentum <V"» 0 v;e 

• y i i ' j r ..LnL, L-he rotLuiviau-ization, a c c o r d i n g t o oq. (--.'0), we 

oot.-iLn the l o l l o p i n g e i : ' r e s r , ion l o r I., 

c o i n c i d i n g . - i th eq. ( 1 o ) . ' "his i s t h e consequence of t h e a x i a l 
f 

4 ; r r c n t c o n s j r v a t i o n . " : ,hus, t h e Х/ч - i n t e r a c t i o n v e r t e x and 
as) -ho a x i a l v o r t e x of Ь -decay a r e e q u a l l y r eno rc i a l i s ed ' . 

'.'• -ho e s t i m a t i o n of t h e tv .o- loop c o n t r i b u t i o n 

h i l u coiaimtin^; ;;uch q u a n t i t i e s a s e l e c t r o m a g n e t i c pion 

i j-i':.i-i;.ictor -*:id ;)ion p o l a r L i a b i l i t y in t h e o n e - l o o p approxi. na t ion 

i t c o n s i d e r e d t h e ^ia^ram .vit'h fcv.o v e r t i c e s of t h e s t r o n g 

type (цее'' ) . Here n a t u r a l l y t h e q u e s t i o n a r i s e s about t h e con -

;;r.buLLo:i of :.he h i g h e r o i d e r s of p e r t u r b a t i o n t h e o r y i n t h e 

гtron^; c ^ u p l i n ^ . To answer t h i s q u e s t i o n ve s h a l l c o n s i d e r t h e 

o n e - l o o p d ia^ra^i w i t h two s t r o n g v e r t i c e s and e s t i m a t e t h e c o n t r i 

b u t i o n of the ne. t t v o - l o o p approx ima t ion ( s e e f i £ . ^ a - e ) . 

*1 ' The v e c t o r c u r r e n t a n a l o g o u s l y v.i th t h e e l e c t r o d y n a m i c s , 
i s no t renor iuul izoa in t h e g iven лоб e l . 
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-О- -<D~ - О -
и ь 

---0-- --0-
lie. о. 

:'о diagram 6a there corresponds the follov.Lng expression 

where 

^'^(SH. . M.2 »itt(i^*p'>':-i-l" 

It is easy to convince oneself that, lor instance, the 

electromagnetic plou radius, calculated in the one-loo:' approxL-

aation, coincides ..ith the value of the second uei Lvatlve of the 

( o" ) taken at p = m •" 

2(-i) J _ LV) i a (25) 

P W J ^ ^ 
Let us sliov: nov v.'hat kind of correct ions ..,..ll bi-ve the next tv.o-

loop aporoxiftiation (-ib'» 6Ъ-е). 
ilote, f i r s t of a l l , tha t four diagrams, represented in i i ^ s . 

6b-e ..ith the ver t ices corresponding to the in teract ion LaBramjian 
' iu r ther ioi' si.mplici.ty ..e sha l l put ITI^-IJ 

13 
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(. i} are и iu L'/.-il'-'ut to three diagrams tepresented in i L&n, 7a-c, 

liuio .JIIC! ui Use w r t i c e s with the pceudnsca r coupling; is 

reduced ; ; the vertex i th the pseudovcctor coupim^. 

€ > - -€>• 
. i .j. 7. 

thei'u' di,', д\; лз there corjespond the I'ollov inc e/pvession 

/T = n;> л,' ' п'Г , O-'bJ 

,,2N - „ . 1 / 
?,.Л.,Ч= ^ ^ N . - ^ ^ T ^ p h . - T . ^ ^ T ^ ^ f ^ j , ^ 

» 67 p * к 

Here Ji and Ji are expressed in ttr::is of divergent integrals 
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R,- -Ц^Ц - i O j - J ^ _ - , ft, ^ X _ i L I JUL 

[.'he second der ivat ives o£ these quanti t ies» unlike (ty), ctumot 
be expressed in terms of f i n i t e in tegra ls î nd contain l o^a r i t ha i -
cal divergences, i t appears thut a l l these quant i t ies con acain 
be ejtpxesed in terras of the in tegra l ,J (see eq. (Ю)) , -.:hich i s 
calculated by the suparpropayator raethod. I t appears that the 
form of the superpropacator ±s the same. Then .e obtain 

' Г (.-7) 

Thus, the t o t a l contribution from, the nonrenorraalized diaeratis 
7a-c (or 6b-e) turns out to be 

The асс-iunt of <,*•••• r e r t ex renorn i izat ion in cfia(;ra-a 6a 
gives the addit ional contribution (se - -q. ('12)) 

СсХг = £ u f t ( l-i 3 ) Г'Э) 
At l a s t ..e have to take into account the contribution fiu;a the 
renormalization of the nucleon Green function and nucleon mass 
(see eqs. (7) and (12);* These renorraaliaations lead, resp. to the 
q u a n t i t i e s : 
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a i i -- - 5 a P> / i t Л ) 

a x л ^ - ,5a ft . 
/ (yi) 

.'u :u:i:;r i/. i ... vx:ro юпп (.-L )-(;.'• I ; , v.e i'in ' . lly ^;et f o r t h e bv.o-

J i / C ' i J : ' 1 J ^ L :1.'!Ъ LOIl 

:i',ir, th ' j ue' onu ciur Lv.'i t i v e wi th r e s p e c t t o p of the e x p r e s s Ion 

•-u'vcr.; oiiiiii;,; J J in, .la.ris Oi'a-e) can be wri t t e n dov.n in t h e f o l -

: • • • - : i ^ a y 

..here X i-Ь Uiu juantLty e s s e n t i a l l y s . a a l l e r than u n i t y . Ilonce, 

..с -an :'-еи Ihu'- I lie i -^cic i :ontr l ou t ion to t h e ML on " reen l u n a t i o n 

л . t h ihc IL'I С <\! the VJSS : ;he l l uoraes ijom the o: ie- loop a;t;iroXi.i,ia-

11. on. 

и s i o n 

'•и;хшг iz 1.ПС ali the results -e have obtained it should be 
noted the ioliov. uif,: /in the basis of che chiral- invariant jodel 
ol interactions *.e have shov.n how the consistency renori.i-iiza-
t LOII theory is constructed using the superpropa^ator method Гог 
the re^ulurir.ati on of divergent expressions. A number of relations 
bet. een the re. lormali nation constants is found and the j. и If linen t 
uf the Goldber(jer-,!'reiman relation in the accepted perturbation 
theory is tested. lor this purpose in the one-loop aoproximatton 
there are calculated the corrections to the ЗГл -vertex in the 

i6 



1 i.'ait 01" P'rialI t ransfer ;0 nenta 4nd thosu *.,o the e;jk <• uu . i LDJJ 
constant '. -th ui Lai current / Ч д ) • Thu tv.o-loo;< corrections to 
the ael±u::crgy operator are computed, an - e l l . 

it should be noted also that a l l I;he calculated correctU : 'ir, 
cue to higher orders ci' perturbation theory turn out '[;•:• be a.i-'il 
• n z :atu oi' the aLir.cnce oi зтаП ycr-meier in Sho n^rt uxLci'.• LOU 
theory is a ployed, 

7he authors ..ould l ike to express the i r deep b ivi t i tude to 
i>,.".: loizhlntsev and IV/.^hirkov 1'or i-e^ulai' in terest ::i "Пь-
v.jrk and also to W/ . erebryakov, -..,•.. 'l^vnov ХПЦ J.. r i . : addeev 
Гог Гги Ltf ul d Lscursions. 
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\ji и::- . i.'"io;i:jlraf.t; he re ho\ to c a l c u l i . t o trie i i и i. t e p a r t of 

t..n i :i Or i . i l .](.M) by the s u p e r p r o n a e a t o r nethod " / , 

o.. \.\\ Lr urr-oot; села Liier, f o r '.'xa.'upie, M;fc e x p r e s s i o n c o r -

j ' :;-,•:;;!! •),' ' > 'he : ac ieou -nass rerior:a*.:lL7.ati.on </_, {M \ in t h e 

L o -vur l ex apiiJ'oxiiriat Lon wi th a r l u t i ' a r y nu:abei* of v i r t u a l plons 

bet.v.*.'on -Liic- tv.'O vei-t icen С1 i[> о j 

P 

, iOi t i l l s u -n t i t y •.-• GLjta .n th'-1 i o h o -

;;>:' I'i;.L* 10.1 

(Л . 1) 

-' 1.— - J-- - Ц Ч м м Л "-4 

L: :i :Cii] f" chu t u r ~ . i t h o u t : ; t j i v ; i t . v t j r , e have 

r £1 ч а — " > H , 

i o r tlie one- loop appro-<i-па t ion only "..he i . r s t r.ui^er ;>i op;i„ t o r 

J-U e . : . ( . i , 2 ) i.s r e q u i r e d . Wr i t i ng dov.-n t h e s u i in che 1'огл oi" t h e 

. и -unerfeld- a t son i n t e g r a l and i n t r o d u c i n g t h e i n t e r m e d i a t e re . ju-

l o r L z i t l o n v i t l i the h e l p of parameter ( s e e ' " " ' ' ; , v.e s h a l l r ev . r i t 

u.;. ( « . 2 ) in t h e form 
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-(.-,!» 
«IF- J J.„УГВ Га>Гц,2)f4sFУ 

,-•>*= J 4 ' 

Г ( 2 i i 4 

'h. integral .7(.fW") -'-i £ - О oi-псЫиг; ifch the n tu j ia l 

Л ( М ) ' e ;'-re i.at'..it;;-ted m. However, unl i.ku .J(i4) , the Lute'iral 

( .•() if e l l defined l'or .RE ? < О (see (/..;..)}. Л г to tlie .oi.nt 

£--0, i.t har: the pole sL:gUioritj there . ,;'ho value 2-C' c.orre;;-

:to:iJs t fho uric-loop ui.ufr "i, Lut lor the "lentioned геасчта i t 

• a -not be calculated I n espectlve of the hole set ol tv o-vci-t.c-x 

Jliji.-r-s contained in e:<prer.slon (.-,5). n hereiore the iuacti-On 

Jlh 1 V'j chould be calculated i i r n t ol' a l l 1л- K?Z<0 '-''• then 

til-; i-e:-. Ldue in ('>.;; sfioald be taken a t ;£ - О • 'his viula ccaie:;-

..and Li the one-loua approximation. .'Jor-r.al iz in/; the cxpi ск-.ion 

(.\. ) ',c the function cJ(K)» '̂.e find In the une-loop a. :.iox L;ia-

- H&f-*-.! *-*"-
^ote , that the fora o±' the superpropa^ator, 1,ч» the shape of 
Che coeff icients for / t Д , \ in the sum over _K Ln Che expressions 
s i a i l a r to (\*2) is the sa:ae as in the cKa^raas of in te res t '„ 

_̂  
' in i;he present paper for calculat ion of the superpropa^a-

tor ve use the uovariant perturbation theory /10 / . 
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i'tKH'cL'oi'e the quantity ,J (J4} 1 Ч independent of the diagram we 
use to obtain the i;uperpropa^ator. 

Ii the :;uperpropagator contains the derivatives (see (Л.1)), 
i.he described procedure nay lead to -lominique rusulta. Differed.; 
authors .iiopcccd the additional prescriptions i'or the unique 
«ei'hutLon of such supernropagators (see, i'or example'7'). However, 
such 'irescr i >t, lone cainot be regarded yet to be satisfactory 
eiou^h. l-i thin paper v.e propose another principle lor calculation 
oi the suuerpiopag&tor with the derivative, lamely, ш the case 
>-пеп the divergent integral, corresponding to the loop,contains 
the derivatives v-e express it through the integral without deriva
tives us LP», the relations of the type 

—. - - / Л 14 р - П ,, 6 ) 

'"he finite n.'irt of the integral without derivatives (without 
Hie .tomo'ita of virtual particles in the nominator ) is calculated 
lу the LMitjerpropnf;ator method. 

i 
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