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I. In this letter we continue work on the construction of the 
full system of composite conformal operators built bilinearly 
from spinor fields. In ref,/ 1/ were constructed all conformal 
symmetric traceless tensor operators of Lorentz type (r/2. e /2) 
with minimal twist that can be built from two spinor fields 
with noncanonical dimensions. The limit to canonical dimensions 
(i.e., free spinor fields) was also demonstrated. Here we shall 
construct the other possible class of operators that can be 
built from two spinor fields, namely tensor operators of Lorentz 
type (( P +2)/2, P/2) e ( P/2,(P+2)/2). In ref./1/ also a survey of 
the applications of composite operators of QFT was made and we 
shall not persure this here. In the meantime some of the results 
of ref./l/ were applied to the operator product expansion in 
asymptotically free QFT (cf.IV ). 

2. An irreducible tensor FJ~.a 1 ... af 
((P+2)/2,f/2) e(P/2,(P+2)12) if it is: 

(i) antisymmetric in p. ,11 ; 
(ii) symmetric in a1 ... a y; 
(iii) traceless in a1 ... a~ 

is of Lorentz type 

(Iv) traceless In one antisymmetric and one symmetric Index; 
( v) and c F I R • 0 ' f 1 f ' 1.1 d PIJ.II a1 p.11, a1 ... a p Is u I e . 
It is easy to build a tensor fulfilling (i) and (ii) and we 

assume that we always start with such a tensor Fll11 ,a 1 ... af • 

Now instead of fulfilling (iii) we replace (cf./I,Y ) F 
il'' ,a1"'a t 

by a homogeneous polynomial of degree f 

F ( )2F J ... J • p.11 J - I'll ,a 1 .. . ay a 1 ap 

(l) 

K n I en 2 2 2 I Jc; '!! Jc; IJ""Jl+ ... +,.n•O, 

or by the unique harmonic extension to the whole en (see 131 ) 

FH (().,. F ( ... ( , 
IJ.II /Lll, a 1" • a f . a 1 af 

( c; en , (2) 

r--~-~-- ···---,,, 
ll) 

l 
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a2 

.1~FHILva)"' a.(aaCa FHJLv(() .o. FHILv (")I C 2 .. o"" F !LV(.() • 

Now conditions (iv) and (v) are imposed respectively as 

IR 
diLF/lV ('f),.. 0, 

f d FIR P ~v A JLV ('f) • 0, 

where 

a2 
n a)a-.1.,.--

d "' (-2 - 1 + 1-aa; a; 2 IL a 'f a 'fa 
IL "a 11 a 

(3) 

(4) 

(5) 

(6) 

is the interior derivative on K0 

(5) for the irreducible part F 1R 
JLV 

(see 131 ) . Solving (4) and 
we obtain (n .. 2h) 

I R f (f -1) i 
F /LV ( 'f) '"' F !lV ( 1-) - 'f[ II G v l ('f) - 2 L !LV ('f) -

4(h-1+ 0 r-

(7) 

0-tr,t.. . n n n\ n , n .. , .... 
_ __::~uu-r" c -..,, H ( j-) + C \ L -J.)\11"1" L L 'f K ( 'f)• 

2(h+f-1)(2h+f-2)'f£JL v] 2(h+f-1)(2h+f-2) [IL v] 

where 

) F 'f 1- ···1-Gv(l-., ,\J..(,aaa 3 ... ae A a
3 

ae 

H ( ) ,.. F 'f . ·. 1-a • v 'f - av,aa 2 ... a,~ a2 f (8) 

K/,.) - F, 'f,'f ···'f "a,vaa 3 ••• ae "a 3 ay 

LllV(,.) "' F,[ ] 'f''f ···'f "JL,va 2 ... ae"a 2 av 

We shall make a convention to denote the application of (7) by 
writing 

IR 
F JLV ( 'f) '" F JLV ( ,.) - traces . (7#) 

3. Our method of derivation requires the knowledge of the 
conformal invariant 3-point functions of operators with the same 
type of Lorentz rerresentation and two spinor fields. We recall 
the formulas (see 11 ) : 

2 

dr+ dz-d+f+I d+di-d 2-r d+dz-di-r 
2 2 2 2 -2 --~-d -

<,Pd (xl)F (x3,'f)l/'d (x2)> 
' 1 /lV 2 0 .. (-2) (-::2) (-:z) 

xi2 xi3 x23 

(9) 

p 
I~ (-y~ r A[JL(13()y vl :}2 + 1.8Jtv r JLl A(23) yA) + fp 1)! Jt!L n ,/]31! I (n· ,._) -traces, 

12""xi-x~, Jt3 .. (xi3)1LyiL, r!L)13),., _:<xl3)~(xl3)v_a 'n "'2((xB)JL_ ~x23)fl) 
X JLV /1 2 X 2 

13 xl.l 23 

for the y5 -even function and 

di+d 2-d +f d+d 1-drf+I d+d~d1 -f+I 
( 5) d - 2 __ 2____ 2 ---z--- 2 2 

<.Pd (xi)FJLv (x3,,.)1/'d2(x2)i)•(-2) (-::-1) (2) x 
I X I2 X]~ X 2 3 

2 2 
(Sl 1(5) xl3 x2l 2 2 

x !f 0 1$y[ y ]3~ + f 0 2 (-:"21;.J(x 13 )[ (x 32 )] 3,2-+ 
r !1 v r 2x x IL v x 2 

12 13 23 

(I O) 

r 
+ lt Y(

11 
n v] - Y[ll n vl 31!) I (n • '3-) - traces, 

f · h , r'5 l r,(sl · d or the Ys-odd one, wlt fy, fe , f , f arb1trary constants, 
is the dimension of F d (x, '3-) , d I and d 2 are the dimensions of 
the spinor fields. T~v two-point function of two spinor fields 
is well known 

<r/td (X) if; d (y)> • C (" •')( 2 )dk+l/
2 

k k 0 dk ,. -~ -(x-y) 
(II) 

4. Let us recall the method for the construction of conformal 
operators used in ref,/ 1/ . For a conformal covariant operator 
with the properties of a ((1'+2)/2, f/2) e(U2,Cf+2)/2) Lorentz 
tensor with dimension d ~:v we write 
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~d - ~ ~ 
!LV (x, i- )=-: 1/Jdi (x)Hf.!V (ax,ax' j-) !/Jd2 (x):' (12) 

~ ~ 

where Hllv is a polynomial in 1- and ax,ax with unknown coeffi-
cients. We sandwich ~~~ of (8) between two spinor states. On the 
one hand,from conformal invariance this three point function is 
given by (9) or (10). On the other hand, using the fact that the 
fields are generalized free fields we may apply Wick's theorem 
and get the operator in (12) between two conformal two point 
functions: 

<ljl di (x l) ~~~v(x 3) ~ dz (x 3 )~ •<1/J d/X l) ;zdl(x3 ):0 HILV (a;' w) <0d2(x3)tu d2(Xz)~ • 

(13) 

In this way we determine the coefficients in the polynomial Hllv' 
The conformal operator of minimal twist rm'!!d-P .. d 1+d 2+1repro-

ducing the structures in the y5 -even three point function is: 

+- -+ 
-<dr~.a-~\ ~ ~- 1+ d P1f(di+V2)r(dz+~~~;:b (x) l f V Pf [--y[u YvfJt/v~ ~ (x, i-).. dl . 2dc3 r 1:" /LV cdicd 2 

._!. 

... 
_(d +~.d -141... _rr_ 1 _ 

+ (f'cf~)P£ [a[ll Yv1 -y[ll Yv12d2-3 

-(d2-\4,di+lh) +- i 1 
-(ff +f£)Pe [~IL Yv] + 2dr3 J{IL Yv1 + 

(14) 

_(dz+ \4,dl + \4) .. ~ ;;. '-> 

+ Pe 1 [Cfe + r~)a[ Y 1 (y· i-)--+<rrre)--Cy· ~a[ Y 11-
.- t 11 v 2d

2
-3 2dc3 IL v 

- ( d2- \4 'di + :v 2) :;. ... 
(f f + ff ) pf-1 2d

1
-3 ( y• ~) tt[ILY v] 

, _(d2+3/2,dr-\4l-. ; 
+ (fo - f o_) Pq I a[ y ] ( y· i-) -- - traces lt/ld (x):, 

t '- - - 1-' ~· 2d 
2
-3 2 

a ca = --
fL ax~'-

!r=ylla,l), 

'} 

:} 

where 

... .. p ({3) ...... 
-p<a.f3l = <t·a+ ra) pt c.L:.L-:..t.:.?..), 
e i(a+ 1+0 f(/3+1+0 i-"a + i-'r! 

-(a,f3l 0 
p "" • -1 (15) 

(a/31 · h b' 1 · 1141 p e' ~w) be1ng t e Jaco 1 po ynom1a 

e r -k k r-k 
(x+ylP(a•f3\x-y)•i(a+1+e)l(f3+1+e)~ (-1) x_y • 

f X+Y k=O k! (f -k)! 1 (/3+ i+k) i(a+l+f-k) 

The y5 -odd three point function (10) with coefficient r?1 gives 
the following conformal operator with minimal twist rm"' 'd I+ d2: 

(~ u) 
<sld re ~!f(d 1+14)1(d.l+l4) _ _ld2- 1h,dc'2 

~!LV (x, i-) •- : 1/1 d (x)}: Y ] p f 1/1 d (x):- (16) 
cd c d l [!-' v 2 

I 2 -traces. 

The y5 -odd one with coefficient fe151 has 'm'"di+d2+2 and is: 

~ ,( 5) h, i-)"' f,( 5lf! l(d I+l4)r(d 2+ \4) 
/LV f cdc~ 

I "2 

: ¢ d (x)!P(d2+¥2.~+¥2l ... ... 
1 e [-a[ a _ 

ll v] 

... ;r ;y ... i ~ -1: y 1--- y[ a 1 + (di+ d 2 + £ -1)--y[ y 1 --1+ 
1-' v 2d2 -3 2d I -3 ll v 2d l-3 11 v 2d 2-3 

1 -+ .,._ it-

-{d2-Vz,dl +Vzl... _!:_ + 2-a
1 

Yv] 1 + 
+ P f I a[llYv] 2d2-3 2dc3 ll 

11' ... ... _(d2+Vz,dl-~2, rr. -a + y a -L-] 
+ pf 1 2drayll-' v] (Jl v] 2dr3 

... ~) ... ... ... .... ~ 
- p~~2I+3'2, dt+ 2 [(d J+d2+ f -1) 2~-3 Y[IL av{Y•i-)¢. -a[ivl(y· i-) 2dz-J+ 

( d + V2 , d 1 + 3'21 } .. ;. _ 
p 

2 
[(d 1+d 2 + f -1)---(y· i-)a[I-'Yv] 2d3-

+ f-1 2dF3 'r 
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?J ... 
-(y·~ )a[ a ll-traces!tjld (x):. 
2d 1-3 11 v 2 

(17) 

Note that only the operator (16) has a limit to canonical di
mensions dp. d2 .. 3/2. 

5. We shall not write down the explicit application of (7) 
to (14), (16) and (17). However,we shall give a list of struc
tures which are not included in (14), (16) and (17) because 
their irreducible counter-parts obtained by applying (7) are 
zero (h .. 2) 

Y [ 11 Y v l ( Y • -a- ) ( a. -a- )P ( b • -a-) q ' 

y[l1 '3-vl(a. -a-)P(b. ~)q 

~ ~ ( y. ~ ) (a. ~ )P (b • ~ ) q , 
[11 v] 

a[
11 

i-v]( a. ~ f (b. ~ )q, 

1 11 -a- v l ( Y • -a- )(a· -a- )P ( b • ~) q , 

(I 8) 

and a and b are arbitrary vectors (in our case they are the deri
vatives a and l ) . 

If we want the most explicit expression for our operators 
-,;.:_ iuu6i. apply uui.. uuly (I) imL aiso write tnei'r narmon1c exten
sions (since f2.Q kills all terms that have 8a·a· in them). 

I J 

The general structure which we have to extend harmonically is 
of the form 

p Sj 
f(~)· ll(ai.~), (19) 

i·l 

where s i are integers, a i and vee tors, ~ 2- 0 • Its harmonic 
extension is 

6 

-
iH<O • 

p Sf 2kjj +kj~Sj 
( n ( a r . C:) ) ( n I. ) 
f-1 l~i ::;j ~ kij,.O 

1 

(2-h- 1 s!) 2! ki' 
lkl 

,.. 2( ) knm 
P P - c, a, • am 1 . . n (-'s ) - n c ) -. lkl .. I. kij 

1,9-Sj.~ n•1 n 2k +knm>n 2($1. .J")(a ·C:) (k )! 
nn -· 11 ~ m · nni 

p 

lk\' .. I.k ..• 
i*l 11 

" 

.. 

p p 

1 s! = I. ·s. k .. I.k. 
n j /. n n] 

(a\ 

i·l 
1 

,. r(a+ k) 

r(a) 

i•1 

kij .. kji(i>j), 

(20) 

6. Further on the operators with higher twist r ... r m + 2k (k-1,2, ••• ) 
will be given (rm is the minimal twist displayed above for each 
series). Work on the operators in QCD is also in progress. As is 
noted in ref./ 2/ conformal operators can be used in !-loop QCD 
calculations and the relevant operators can be obtained by re
placing in the above formulas a with the covariant derivative 
D (colour indices being suppressed). 
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~o6pes B.K., ra~es A.X. E2-82-881 
KoHipOpMHble orrepaTOpbl H3 CITHHOPHbiX rroneti:: 
CJiy~afi aHTHCHMMeTpH~eCKHX TeH30POB 

IlOCTpOeHa IIOJIHafl CHCTeMa KOHc!IOPMHbiX aHTHCHMMeTpH~eCKHX TeH-
30pHbiX orrepaTOPOB JIOpeH~eBCKOPO THIIa (( e + 2)/ 2, f/2) Ell(f/2,(f+2)/2) H 
MHHHMaJibHOrO TBHCTa, COCTaBJieHHbiX H3 ~BYX CIIHHOPHbiX IIOJieti:. BMeC 
Te C paHee CKOHCTPYHPOBaHHbiMH CHMMeTpH~eCKHMH TeH30pHbiMH orre
paTOpaMH JIOpeH~eBCKoro THIIa(P/2,f /~ 3TO ~aeT see KOH~PMHble 
JIOKaJibHble orrepaTOpbl MHHHMaJibHOPO TBHCTa, KOTOpbie MOJKHO IIOCTpo
HTb H3 ~BYX CIIHHOpHbiX IIOJieti:. 

Pa6oTa BbiiiOJIHeHa B na6opaTOPHH TeopeTH~eCKOH ~H3HKH ORHH. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePH~X HCcneAOBaHHH. AY6Ha 1982 

Dobrev V.K., Ganchev A.Ch. E2-82-881 
Conformal Operators from Spinor Fields: 
Antisymmetric Tensor Case 

The full system of conformal antisymmetric tensor operators 
of Lorentz type ((f +2)/2,f /2)e(f /2,(f' +2)/2) with minimal twist con
structed from two conformal spinor fields is given. Together 
with the earlier constructed symmetric tensor operator of Lo
rentz type (f /2, f /2) this gives all conformal local operators 
with minimal twist that can be constructed from two spinor 
fields 

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