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1 . INTRODUCTION 

Let us consider the Fourier transform of а correlation func­
t i on of three fermionic currents 

i Ta
11

v (k,p) = (d 4x d4 y ei(kx+py' ) <01 T(VIl (x)Vv (y)Aa(O))I 0>, ( 1) 

where Vll цnd All deno t e vector and axial currents r .esp. *: 

V11 (x)=ф(x)yllф(x), A/X)=ф(x)yll у5 ф(х). ( 2) 

For convenience we suppress any internal-symmetry indices (which 
might eventually label the currents) since these are irrele­
vant for the subsequent discussion. In the one-loop approxima­
tion (i.e., using the · free fields in (1), (2)) one gets formally 

Та ll v ( k, р) =Га 
11

,., ( k, р) + Га v ll ( р, k) , (3) 

where 

d4 r 1 1 1 ) 
Г. ( k , р) .. ( --- Tr ( ~~. у" -1- Yv " J. У а У 5 • 
a11v · ( 217 )4 r-~~.-m ,.. -m • +v-m 

(4) ' 

The expressions (3), (4) represent the contribution of the 
familiar VVA triangle graph, whictv has been discussed in nume­
rous papers in connection with the famous axial anomaly 11 -31• 

Let us firs"t summarize several well-known facts concerning 
(3), (4) (see, e.g., ref. 141 ) : · The definition of the integral 
in (4) requires special care; its contribution is finite (even 
without any explicit regularization) after the symmetric in­
tegrations, but ambiguous with respect to the shifts of the 
integration variaЬles owing· to the superficial linear divergen­
ce which persists in (4) even after peJforming the trace. In 
order to satisfy the usual vector Ward identities (gauge inva­
riance) 

• Throughout the paper we employ the metric gllv = diag(+-,--) 
and adopt the conventions ~:y.!ly 1 y2 y3 r-47rr~>Г,._,i l · . 
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tPTa/lv(k,p). p11 Ta/l 11 (k,p) • О, (5) 

one has to make а shift r ... r+(2+8)k+~P (with ~ being an 
arbitrary constant) in (4) and then integrate syппne~rically 
around the origin. Another possibility would "be to regularize 
the integral (4) from· the very beginning in а gauge-invariant 
way (e.g., А la Pauli-Villars) and then let the cut-off go to 
infinity. If (5) holds, then the axial Ward identity picks up 
an anomalous term 

1 р q 
qCIT (k,p).2mT" 11 (k,p)+"""'2-ItiL"' PUk р ' apv r W 

(б) 

where ч= -k + р and the T/l 11 (k,p)(corresponding to the "normal 
term" which vanishes for m -+О) is given Ьу the formulae comple­
tely analogous to (3), (4) with Уа replaced Ьу the unit matrix. 
The integral representing T/l 11 (k,p)is convergent. 

The amplitude (3) satisfying (5) has been first calculated 
Ьу Rosenberg /Б/ who parametrized Tap v(k,p) in terms of inva­
riant amplitudes ("formfactors") and represented these iti 
the form of the integrals over Feynman parameters (cf. 
also 12,3/ ) • Dol gov and Zakharov 161, in an attempt to elucidate 
the origin of the axial anomaly, have calculated explicitly 
the imag-inary ("absorptive") part of а formfactor for k2 .. р2 .. О, 
m .J. О and shown that in the limit m -+ О this is nonzero, pro­
portional to д(q 2 ) (see also ref.17/ ·). Nonvanishing of such 
an absorptive part ·in the massless limit is in turn related to 
the existence of the axial anomaly via ~ . dispers~on relation. 
The absorptive part of the VVA triangle diagram has been recon­
sidered later Ьу Frishman et al. 181 in connection with а formal 
proof of the so-called· ·, t Hooft anomaly condition /9/ via dis­
persion· relations (cf. also 110,111 ) • In ref. 181 the absorptive 
part of а particular formfactor has been given explicitly for 

2 2 m. О, k = р S о. . . 
In the present paper we extend and generalize the earlier 

results /6,8/ Ьу presenting the formulae for the absorptive part 
of the amplitude (3), (4) for m J. О and t 2 • р 2 .$ О. There are 
essentially two independent formfactors describing the Ta/lv(k,p) 
(if (5) is imposed as well) and we calculate the imaginary 
parts of both of them explicitly. The .limit --m-- О, -t -2....--p.2. О 
is also considered. The properties of the (pseudo) tensor basis 
employed for the decomposition of T0 /l 11 (k,p) are discussed in 
а rather pedantic way, in view of an ambiguity in the definiti­
on of the formfactors encountered in the current literature 
(cf. 12,3,6-8,10,121) • : 

The paper is organized as follows: In Sec.2 the definition 
of the relevant invariant amplitudes is discussed. In Sec. 3 
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we presen~ the general formulae for the absorptive parts of 
the invariant amplitudes for m ~ О , k 2 = р 2 S О. In Sec.4 the 
limi ting cases t2 = р2 .. О and/or · m =О are considered. We 
compare our results with those followi ng from 131 ; the compari­
son with 16•81 i s straightforward. Sect i on 5 contains а suппnary 
of the main re.sul ts and some concluding remarks. 

,g 

2. INVARIANT AМPLITUDES 

We will suппnarize here the relevant formu l ae concerning 
general tensor structure of the amplitude (1) (or (3) in par­
ticular). ·For the purpose of later references, our discuss i on 
wil l Ье somewhat more detailed than is usual in the standard 
literature (cf., e.g., 1 2- 5 • 121 ). We restrict ourselves to 
the external momenta k, р such that 

k2 = р2 ; (7) 

for def i niteness, we shall therefore refer only to k2 hereaf­
.te.r . -

The amplitude (1) is а Зrd rank Lorentz pseudotensor, sym­
metric under the inteтchange (k,p) and (p,v) .Further,. one may 
impose the vector Ward identity (5). The Ta/lv(k,p) may Ье then 
written as · 

4 2 2 ( i ) 
Ta/l v(k , p) = i:

1
F i (q ,k )Tap v(k,p), _ (8) 

where 

(1) р а (2) ) • D о. 
Tap v(k,p) = fм v pak р Ча • Ta /lv( k,p) = (ta/liJ(JPv- fa v pak/l tr р ' 

(3 ) р (J (4) р р(9) 
Ta мvC k,P)=(faмpak J/ -fa v p aP/l)k р • Ta мv (k,p)=ta/l V P(k -Р ) • 

and t he · invariant amplitudes Fi( q 2,k2)( occas ionally called 
factors) satis f y 

F4 = k2 F2 + ( ~ q 2 - k2 ) F8 • 

as а cons equence of (5) . However, t he f our (pseudo)tensors 
i n (9 ' are linearly dependent 12•8 •5•121 as .the following iden-
tity holds ' · 

( 1) (2) (8) .1 2 (4) . 
Ta м v ( k, p ) + Ta /lv( k, p).+ Ta/lv( k,p ) + 2 q Ta/l v (k,p) = О • ( 11) 

То prove ( 11) one has to employ the ident i t y ( c f . I Б, 1 2 / ) 
1 

g>.. af/l v pa· - g/l a1Лv pa + gva1 Л/lpa- gpa1 >.. /l v~ + gaa1 Л/lvp= 0 • ( 12) 
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From (9) and (12) one obtains 

т<2> ( ) т<з> ( ) . ( л р и л.о и 
. ap.v k',p + ap.v k,p = gp.Лlvpиa . - gvЛlp.pиa )(р k Р + k ar Р ) = 

=-(g f -g t · +g f )qЛkрРи= 
рЛ р.vиа uЛ p.vpa аЛ р.vри 

(1) (4) 2 р 2 р 
=-Tap.v(k,p)-(k·P)Tap.v(k,p)-fap.vp(P k -k р ) , 

and taking into account (7) we arrive at ( 11). 
Thus. in viey of (10) and (11). only two of the formfactors 

appearing on the r.h.s. of (8) are truly independent. In other 
words. the definition of the in:variant · amplitudes according 
to (8) through (10) is ambiguous owing to (11) and one must im­
pose а subsidiary condition to fix them uniquely. Let us mention 
several conventions · encountered rn the current literature. 

I. Following Bell and Jackiw /3/ (see also 1 121 ) one may 
. require 

F2 = -F3 • ( 1 3) 

It is easy to find the relation of any other set of the form­
factors to those constrained Ьу (13): Let the F1 , i=1 ••••• 4 in 
(8) Ье arbitrary; using (11). the decomposition (8) may Ье re­
cast as 

(1) (2) (3) 1 2 (4) 
Tap.v =(F1 -F+)Tap.v +F_Tap.v-F_Tap.v+(F'4 - 2 Q F+ )Tap.v• (14) 

where 

F+ = ..!. ( F2 ± F3 ) • · 
- 2 

/ '< 15) 

II. In (8) one may express Т( 1) in terms of Т(2 ), Т(3 ) and т<4 > 
using (11). setting thus effectively (see. e.g •• /2,5,81 ), 

F1 ,; О • (16) 

III. For k 2 =О а particularly convenient option would Ье to 
eliminate Т(3 ) with the help of (11). setting thus 

F3 =о; 

according to ( 10) then also 

F 4 =0; 

This js apparently the convention used in ref. 161 ; note that 

(17') 

(18) 

in /6/ the F2 has been neglected as well. assuming tacitly that 
Ta/lv is to Ье contracted with the polarization vectors ·of phy-

4 
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sical photons. Let us also remark that in ref.f7/ (see р. ,224 
therein) the tensors Т(2) • Т(3 ) and т<4) are di.scarded from 
the very beginning. since they do not in general satisfy (S) 
individually; however. in view of the preceding discussion 
such an approach is evidently impiausiЬle. 

Let us a.lso consider the 2nd rank pseudotensor Tp.v(k,p)ap- • 
pearing in .the axial Ward identity (б). This is described Ьу 
means of а single formfactor G,namely 

т 2 2 р и. , p.v(k,p)=G(q ,k )tp.vpиk р , 

(б) may Ье then recast as 

2F 1 q 1 - 2 F 4 .. 2mG + -- • 
2772 

Let us remind that 2mG -+0 for m .. о. 

(19) 

. (20) 

If one considers the formfactors pertaining to the amplitude 
(3). (4) as functions of а complex variaЬle q2 at а fixed 
value of k2 , these ~ossess а cut along the real axis. beginning 
at q2 =4m2 (see / 6, 1 ) • The corresponding _ discontinuity of 
а formfactor Fj or the amplitude Ta~vresp •• divided Ьу 2i. will 
Ье called its absorptive (imaginary) part and denoted Aj or . 
Aap.vresp. According to the preceding discussion we may write 

4 2 2 2 (!) 
Aallv(k,p)= _I A1(q ;k ,m )Tallv(k,p) (21) 

1= 1 

with Td~v , i = 1 ••.. ,4 given Ьу (9) * .The Aap.v may Ье calculated 
with the help of the well-known Cutkosky rules / 13/, Using such 
а method. one deals only with truly convergent integrals; thus, 
the integration variaЬles may Ье shifted with impunity and the 
vector Ward identity (cf. (10)) 

2 1 2 2 
А4 = k А 2 + ( "2 q - k ) А 3 , (22) 

should Ье satisfied automatically. For the same reason, the 
"normal" axial Ward identity must hold for the absorptive parts, 
i.e. (cf. ref. / 8/ ) 

q2A 1 - 2А4 =2mB, (23) 

where в is the absorptive part of the formfactor а (see (19)). 
Needless to say, (23) may Ье trivially recovered from (20), as 
the anomalous term in (20) is real. 

*For convenience. the Ajs will Ье frequently called simply 
invariant amplitudes (corresponding to Aap.v). 
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3. GENERAL FORМULAE FOR m .J, О, k2 ,S О 

The direct evaluat i on o f the quantity 2 iAa 1111 ( k,p).Ьy means 
of the Cutkosky rules 1 131 amount s to the f ollowing r ep l acement 
in (3), (4) : 

( f - t - m) - 1 ... - 2 "i (f - lf + m) S (( r - k )
2 

- m2 
) 8 ( k0 - r0 ) , " 

,_11!' 

(f+p-m)-1 ... -2 77 i(f+ P +m )S (( r+p)2 -m2 ) 8 (p 0 +r 0 ). 
( 24) 

Note that for c al culationai conv enience it is then also helpful 
to shift t h e integra t i on variaЬles , е . g., s o that r -+ r- р\ Fur ­
ther, as we have a l ready mentione d in the preceding sec tion, 
(24) implies that Aa 11 11( k. p) can Ье nonz er o only if q 2 = (k + р)2 > 
>4m2 >О. · . One may the refore choose t o work in the r e st fra-

me of q, which gr eatly f acil i tates the ca l culation ( c f. 1141 ) • 
Thus, the ex ternal momenta may Ье conveniently paramet~ized a s 

kll=(a,O,O , b), pll = (a,O,O,-b). : ( 25 ) 

Then in turn 

. 3 2 = .!.. q 2 : ь2 =.!.. q 2 _ k2 
4 4 

(26 ) 

Substituting (25) into the general decomposition (21) , and , 
using (9), one finds _t ha t among the component s of Аа 1111 there 
are essentially three independent combinat i on s of the invariant 
ampl{tudes Ai (we do not impose (22) beforehand and rat her 
verify it Ьу an explicit calculation, see be l ow), e.g. , Л. 012 , 
А 102 and А 123 : 

А 012 = -4а2 ьА 1 +2ЬА4 
А 102 = 2а2 Ь(А2 +Аз)-2ЬА4 ' 

А 123 =- 2аь 2 (А2 -Аз) ' 

( 27а) 

(2 7Ь) 

(2 7с) 

А s traightforward calculation based on the Cutkosky rules (24 ) 
yields the following result for the components on t he l.h . s. 
o f (27): 

Ао1 2 =--1-8(а2 -m2) m2 ln а2 + Ь2 -2abR 
477 а а2 +Ь2 +2abR' 

~ 
(28а) 

= _1_ О'( а2 _ m2 ){ За2 - Ь2 R + ( 3а2 + Ь2 )( а2 - Ь2 )+-4m2ь2 ln а2 -t= b
2 

-2ab R] 
877 ь 2 • 4аЬ a2 +b2 +2abR 

А 102 

( 2 8Ь) 

6 

А128 =- .!_ А 102 
ь 

where we have denot,ed 

Rc/1-.JE:_ 
а2 • 

.if 

(28с) 

! 

(29) 

From (27), (28) it is easy to see that the vector Ward identity 
(22) is satisfied. Indeed~ using (28с), one gets imme~iate~y . 
from (27Ь), (27с) А4 =(а -Ь2 )А2 +(а2 + ·ь2 )А3 and th1s co1nc1-
des with (22) owing to (26). It can Ье shown that (27а), (28а) 
constitute the axial Ward identity (23). 

As for the invariant amplitudes, we shall give th_em expli­
citly, e.g., for the convention II (i.e., А 1 =0, cf. (16)); 
the passage to any ot,her convention mentioned in Sec.2 may . be 
easily accomplished with the help of the identity (11). For 
А1 =0 we obtain from (26) ,. (27), (28) (we omit the ubiquitous 
fac tor 8 (q 2- 4m2 )hereaft~r) 

А (Il) ( q' 2 . k 2 2 ) _ 1 q 
2 

- 2k
2 

[ rf + 2k 
2 

R 
2 ' ,m -- . + 

2 77 q 2 ( q 2 - 4k 2) 2 

~2 2 42 
+ _ (q 2 -k2 +2m 2 q- k )InS], 

y'q2(q2 _ 4k2)б/ 2 q2- 2k 2 

А (11) ( q 2; k2 , m2 ) ". _1_ - 2k
2 

[ Q
2
+ 2k

2 
R + 

3 277 'q 2 ( q 2 - 4k2 )2 
.. 

2 2 2 q - k q - 4k2 
...-".- - + m2 rf- - 2t2 -2 (_k."..2 -)2- ) ln s) • 

2k2(q2 _ 2k2 ) + _____ ,;___ 

v' q2 ( q2- 4k2 ) б/2 

m2 InS' I
.I) 2 2 2) .. - _ 1_ -==::;2~ 2) А<4 (q ;k ,m 2". v' q2 (q -4k 

where (cf. (26), (29)) 

R .. y' 1 - 4m2 
q2 • 

... 

q 2 _ 2k2 _ R V q 2 ( q 2· _ 4k2 ) 
8.. • 

rf- _ 21t2 + R v q 2 ( q 2 _ 4k2 ) 

( . 
\. " 

"' 
(ЗОа) 

с 

(ЗОЬ) 

\ 

"' 

(ЗОе) 

(31) 
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LIMIТING CASES k
2 = О AND/OR m = О 

For k 2 = О and m /,. О the formulae (30) take the simple 

1 R А~ II) ( q 2; m2 ) = 2; 7 • 

А ( 11) ( q 2 . m21 = - _!_ m 2 ln 1- R 
3 ' 11 ( q 2 )2 1 + R ' 

А~~~ ) ( q 2 ; m 2 ) = ; q 2 А~~~ ) ( q 2 ; m2 ) • . 

(32а) 

(32Ь) 

(32с) 

For а comparison with the result of ref/61 we must transform 
(32) with the help of the identity (11) to comply with the con­
vention III (cf. (17), (18)/. We thus obtain 

1 m2 ln 1-R A(III)(q 2 ·m 2)=- 2 2 -1 R' 
1 • 11 (q ) + / (33а) 

А ~ш) ( q 2 ; m2 ) = _1_ ( ~ + 2m
2 

ln 1-R ) , 
2 11 q2 ( q 2 )2 1 + R 

(33Ь) 

А ~ш ) ( q 2 ; m2 ) = А ~ш ) ( q2 ; m2 ) = О • . (33с) 

Now (33а) coincides with the result presented in 161 (up to ~n 
inessential overall factor and an obvious misprint occurring 
in the formula ( 14) of ref /61). · 

As а pedagogical exercise we may also compare our results 
with those following (after some manipulations) from ref. 131 • . 

То this end, we have to make а transformation to the c.onvention 
I according to (14), (15): 

Ali)(q2;m2)=-_!__1_(R- 2m2 lnJ.::.!!_), 
411 q2 q2 1+R 

A~I)(q2;m2)=-A~I)(q2 ;m2)=-1 __ 1_ (R+ 2m2 ln 1-R), 
411 q2 q2 1+R 

A~I)(q2 ;m2)=..!. q2 A~I)(q2;m2). 
2 -

In ref./ 3/ an integral representation of the formfactors 
F1 (q 2 ;m2):orresponding to (3), ( L1), (8) and (13) has been 
ven, which for our purposes · may Ье written as 

8 

(34а) 

('J4b) 

(34с) 

gi-

"" 

!.. 

J 

./ 

1 1 1-х 1 
F1(q 2 ;m2)=--- r dx r dy · 2 2 [Х+У-(Х-у) 2 ]. 

4712 0 0 m _q ху 
·. (35а) 

1 1 1-х 1 
F2 (q 2 ;m2)=-F3 (q2 ;m2)=--

2 
J dx J dy 2 2 (1-х-у)(х+у), 

411 о о m _q ху (35Ь) 

1 1-х 1 F4 (q2;m2)=--1- ( dx ( dy [(a-2)(m2-q2xy)+ 
4 112 0 0 m2- q 2 ху 

\ 
(35с) 

1 2 . 
+-Q (1-х-у)(х+у)]. 

2 . 

In conformity with ref./41 , we have taken here into account the 
afore ·mentioned ambiguity with respect to а general shift 

~ 

< 

- '; 

r ... r +(а+ f3) k + fjp in the integral ( 4). Notice that the vec- ~ :.w ~ 
tor wa·rd identity (10) is satisfied just for а=2. The formula ~",J 

(35с) demonstrates once again that the ambiguity (the dependen-
ce on а) resides solely in the real part of F4 • Performing now 
in (35) the - integration over у, one gets for the imaginary parts 
(dropping the manifest~y real terms): 

Im Fi ( q 2 ; m2 ) = 

i 1 1 m2 m2- q2 х ( 2х+ 1) q2 
=- ---- Im (dx L Х-1+ -------] ln { 1-- х( 1-х)], 

411 2 q2 0 (q2)2 · х3 m2 ( 36а) 

Im F2 ( q 2 ; m2 ) =- Im F3 ( q 2 ; m2 ) = 

1 2 2 2 (2 1) 2 
=-1 ___ 1-lmJdx{X-1+ m ~ +q :-x-=-Jln[1--q-x(1-x)], 

4112· q2 о (q2)2 х m2 (36Ь) 

Im F 4 ( q 2 : m2) = ~ q 2 F 3 .( q2 ; m2 ) • . (36с) 

Obviously, the logarithm in (36) may develop а nonzero imaginary 
part only if q 2 > 4m2 and х <:;; ( х_, х+) ,where х:!: = ( 1 ± R )/2. Such an 
imaginary part may Ье then set equal to -11 according to the rule 
m2 ... m2 - iO. · The integration over х in (36) is then elementary 
and one arrives at the desired result 

Im F 
1 

( q 2 ; m2 ) = А 
1 
( q 2 ; m2 ) , Im F2 ( q 2 ; m2 ) = А2 ( q 2 ; m2 ) , , . 

\oтhere А 1 , А2 are given Ьу (З4а), (З4Ь). 
9 
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from the absorptive parts A 1 (q2 )дbviously, it is most conveni­
ent to consider only such sets (44), for which the integrals 
in the unsubtracted dispersion relations 

(un) 2 1 "" А i ( t) d . 1 . 4 
F1 ( q ) = - J !> t , 1 = , ... , 

1Т 4m2 t- q 
(45) 

converge (cf. 16 •81 ) • This is the case, e . g., for the conven­
tions II and III (see (30), (32)), while the convention I cer­
tainly does not meet such а requirement (see (34Ь), (34с) or 
(39) resp.). Note that similarly inconvenient would Ье the op­
tion А 2 =0. On the basis of ( 10), (22), and (45) ~t is then 
easy to realize that in the technical sense one may encounter 
just two alternatives, when defining the formfactors F1 ( q2) Ьу 
means of the dispersion relations: First, А 3 =0 (the conven­
tion III); then F1(un)( q2) given Ьу (45) satisfy automatically 
both (10) and (20), and ' the anomalous term in (20) is due to 
(38) (cf. 161 ). Second, А3 ~О; then one has to modify the 
definition of the F4 in order to satisfy (10), namely (see 
also 181 ) 

F4(q2)=F1un)(q2) __ 1_ r Aз(t)dt. 
217 4 m2 

The anomalous term in (20) is in such а case due to (37Ь) or 
(43) resp. More pr-ecisely, the result 

q2 Fl( q2 : k2 ~ m2)- 2F4 (q 2; k2 • m2) _. ~ 
m-tO 2rт 

may Ье reproduced (at least for k 2 ~o considered in this paper) 
with . the help of the dispersion relations (45), (46) in the 
following way (adoptin~ for definiteness the convention II): 
For an arbitrary k 2 <0 one uses (40а) and (cf. (4Ос), (41), 
(43)) 
~ 1 
f А 3 ( t; k 2 , О) dt = - • 
0 2rт 

For k2 =0 one has to employ (37с) and the fact that (cf. (32Ь), 
(37Ь)) 

"" f А 
3 

( t ; О , m 2 ) dt = _1_ 
4m2 2rт 

for any m ~О. 
The peculiar behaviour of 

A1(q 2 ;k2 ,m2 )for Jt 2 .,.m 2 .. О 

12 

the relevant absorptive parts 
(see (37Ь), (38), (43)) has been 

--
:.!<. 

e staЬlished so far Ьу means of particular limiting procedures, 
namely k 2 ... О followed Ьу m ... О and vice versa. It would Ье 
interesting to use the formulae (30Ь), (31) for an investiga­
tion of more general limiting procedures, e.g., m ... О, k2 .. О 
simultaneously. This point will Ье discussed elsewhere. 

REFERENCES 

1. Schwinger J. Phys.Rev., 1951, 82, р. 664. 
2. Adler S.L. Phys.Rev., 19б9, 177, р. 2426. 
3. Bell J.S., Jackiw R. Nuovo Cimento, 19б9, бОА, р. 47. 
4. Jackiw R. In: Lectures on Current Algebra and Its Applica­

tions, eds. D.Gross, R.Jackiw, S.Treiman (Princeton Uni­
versity Press, Princeton 1972). 

5. Rosenberg L. Phys . Rev., 19б3, 129, р. 278б. 

б. Dolgov A.D., Zakharov V.I. Nucl .Phys., 1971, В27, р. 525. 
7. Huang К. Quarks, Leptons and Gauge Fields. Chapter XI 

(World Scientific, Singapore 1982). 
8. Frishman У. et al. Nucl.Phys., 1981, В177, р. 157. 
9. 't Hooft G. In: Recent Developments in Gauge Theories, 

Carg~·se 1979, р. 135, eds. G. 't Hooft et al •. (Plenum Press, 
New York 1980). 

10. Peskin -м.Е. In: Recent Developments in Quantum Field Theory 
and Statistical Mechanics, Les Houches 1982, ed. R;Stora 
(North-Holland , Amsterdam 1983). 

11. Coleman S., Grossman В. Nucl.Phys., 1982, В203, р. 205. 
12. Llewellyn Smith С.Н. In: Quantum Flavordynamics, Quantum 

Chromodynamics and Unified Theories, Boulder,1979, eds. 
K.T.Mahanthappa, J.Randa (Plenum Press, New York 1980). 

13. Cutkosky R.E. J.Math.Phys., 19б0, 1, р. 429; Eden R. et al. 
The Analytic S -Matrix (Cambridge University Press, 
Cambridge . 19бб) • 

14. Berestetskii V.B., Lifshitz Е.М., Pitaevskii L.P. Quantum 
Electrodynamics, р. 567 (Nauka, Moscow 1980) (in Russian). 

Received Ьу PuЬlishing Department 
on December 10, 1984. 

13 

" 



--

"' 

""" 

--

И.Горжейши EZ-84-783 
Абсорбтивная часть треугольной диагра~1 типа VVA: сводка 

формул 

Представляется сводка некоторь~ формул для абсорбтивной 

части известной треугольной диаграммы с двумя векторными и од­

ной аксиальной вершиной. Детально обсуждаются свойства псевдо­
тензорного базиса, используемого для определения соответствую­

щих инвариантнь~ амплитуд,и неоДнозначность такого опреде­
ления. Существуют две независm1ые инвариантные амплитуДы, и мы 
представляем обе в явном виде. Та:ким образом, мь.1 обобщаем 

результаты прежн~ работ ' других авторов по этой теме. Обсужда­

ются также предельные случаи нулевой массы фермиона или ~вето­

подобнь~ внешних импуль-сов. Рассмотрен также вопрос о вос­

. становлении аксиальной аномалии при помощи дисперсионных соот­

ношений. 

Работа вьmолнена в Лаборатории теоретической физики ОИЯИ. 
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нorejsi J. Е2-84-78З 
' Absorptive :r'art of the VVA •Triani.,le Graph: A.Collection 
of Formulae 

А set of formulae is ·presented for the absorptive part of 
· the familiar VVA triangle ··graph. Properties of the. pseudoten­
sor basis usect' for the definition of the corres.ponding inva-

. riant amplitudes and the ambip,uity _of such а definition are 
discussed in detail. There are essentially two independent 
invariant amplit-udes and we ~ive both of them expl.icitly. Не 
thereby extend and generalize results of the prevfous treat-

.ments dealing with the subject. The limiting cases of vanishing 
fermion mass and/or some of the external momenta being light­

·like are briefy discussed, as well as the recovering of the 
-- axial anom~lly via dispersion relations. 

The -investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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