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ABSTRACT 

Using eight peeudoparticles the precise procedure of Gupta-Bleuler 
quantisation is given for the free nassless spin 2 fiald. 

АННОТАЦИЯ 

Даяа точная процедура кааятоааиня Гупга-Блеялеоа дгя свободного веэмлс-
еоаого поля со спином да«. Мелолмуегся восемь псещдочаст-лц. 

KIVONAT 

Nyolo pszeudorészecskát felhasználva »agadjuk a cupta-BJ.eular~.ttle 
kvantélási aljária pontos formáját a szabad kettes apinü töeegnélküli тегб 
•••tér«. 

http://cupta-BJ.eular~.ttle


As far as it is known, the precise procedure of Gupta-Bleuler 
quantisation for the free massless spin 2 field was not given yet. 
Indeed, already Gupta formulated the procedure a long time ago 
[1], but he used ad hoc nine pseudopartisles. This is in fact an 
uncomprehensible choice. The potential of the spin 2 field is a 
symmetric U -,=U^ tensor, and therefore there should obviously 
be two physical and eight unphysical polarisations. Of course, 
from the physical point of view the choice of nine or eight pseu-
doparticles is not essential, because in any case there are only 
two physical polarisations. Nevertheless, the precise formulation 
of the Gupta-Bleuler quantisation procedure is all the same use­
ful. As it is well-known, in the case of self-interacting gauge 
fields the pseudoparticles determine the behaviour of ghost part­
icles in Lorentz-gauge [2],[3]. 

This paper gives the precise procedure of quantisation. Of 
course, the questions that are identical to the case of spin 1 
field - opposite sign of commutators, indefinite metric, etc... 
(for details see, e.g., [4]) - are not considered here. 

In the Lorentz-gauge the equations of the free massless spin 
2 field are given by [5] 

DU1* - 0 ; 2 U i j,. - U' 1 ; uj s U, (1) 

where an index after a comma denotes partial derivatives, 0=Э Э. 
and the Latin indices take the values 0,1,2,3. The indices are 
moved by the n *«n =diag( 1,-1.-1,-1) Minkowskian metric tensor 
of flat space-time. He have still '' following gauge freedom» 

U i j - U 1* + V ( 1 , : , ) ; DV 1 - 0, (2) 

1 i where ( ) denotes symmetrisation without the factor « and V are 
3 i 

С functions of x coordinates. In the momentum space we have 
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ik_xn ^ . -ikx D 

J/5v~ 
^O 

«her« к = [к ,ícJ is the wave vector. Of course, all this is not 

In order to introduce the eight pseudopolarisations we shall 
use the orthonoraal e,f,n,e vectors, whicn are well-known [4]. 
They fulfil the following relations: 

• V - « V - f V - n V - n1* , e1., - f *f ± « п \ = - 1., = -1. 

**fL - e ^ - e1«^ - ̂ п ± - Л ± - n ^ - О? k*^ = (k°)2 - |*l2=0; 

k 1 - k^n1-»«1)» е1гГ0,е]» f1 н [o,fb n* 5 (о, -%-]; 

1*1 
i ( 4 ) 

m x £ [1,0,0,0]. 

One nay write: 

/2 ü i j(S> - í(íc) ( e V * f Af j) • B(Jt)e ( if j ) + é(S)« ( in j) + 

* S i f t e d • Í(E)f(1tfJ> • EC** 1*» + ScfcCmV+aV) 

* »ft - *fo («V • fV). .., 

One has the conditions 

(2 0 1 3(1б)к- - к 1 ü(Jc))|#> - О; <• I (2"5*^ (Jc)K3 -Ät f jk 1 ) « О, (6) 



- 3 -

where |t> is th« state vector of Pock-space. Hence 

(d(£) - c(í))U> - (h(k) - g(k))|*> « (p(í) - r(JÍ))|*> » 

- (G(Jc) - •(£))!«> - 0 

(7) 

and 

/2 ^(Ölf» = UíkWe* - ílfh + Sföc-Uf» • Щ± ."к*> • 

+ Щ f^j)*. Eí|) ki kJ + » í l L < (щ*-п*)к* • k 1 ^ 
k° (k<V / 2 k ° 

- . 1 n J)))i*> 

( • ) 

follows. The obvious relations for <«|(d(£) - c(íc))... and 
(к) were not written down. Denoting 

k_ /2 V(k) - c(is)ex + д(£)х г 4- p(í) (ш 1+п 1) • Н1*1(ш*_п1) 0 П 
(9) 

one immediately sees that only the polarisations given by opera­
tors a(£), B(k) have physical meaning; ccnpare with (2). Th« 
commutators are the following:-

ti(ic), Uq)l - tb(lt), Uq)} - [c(lt>, S(q) 1 - -[ЗОЕ), í(q) ] -

- [g(í),.g(q)J - -IhOc), Ä(q)] - [p(S), $(q)] - -[?(*), í(q)] -

- [5(Jc), u(q)] - -tv(Jc), v(q)J - 6(íc - q). 

(10) 

A long but straightforward calculation leadr to the relations 

2[цЦ&); ЙРГ(5)] - act - 5)(n i pn j r • n l rn jP - n i jn p r>. (11) 
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In order to write down the dynamical invariants »*e proceed 

as follows. As Lagrangian one may use 

L-^U^N^r-JrU'1^:. (12) 

where s is an arbitrary real number* z f* j . For any z one ob­

tains OU ' « O. In standard way fron (12) one obtains the four-

tum: 

P 1 - fdí.k1 (0J"(Í) 5 j m{í. - z 6(É)Ü(Ít)) (13) 

and hence 

<#|Pi|*> « <*|fdí.ki(a(ic)i(it) + &(£)b(it) • (1 - 2z)v(ic)v(k*)) |4>. 

(14) 

Thus obviously i « T ii the right choice in (12). 

Note still that (11) is not the only possible commutator, 

because as potential one may use (U •* + yn ̂  U) too, where у is 
real and yf- j . Because bit) • 2 v(Sc) holds, (11) may be substi­
tuted by 

г[Ъ^&). « P r(q)J - «(Jt-Í)(niPnjr • A J P - t n i j n P r ) , (15) 

where 

t « 8y2 + 4y+ 1 > £ . (16) 

ffe have seenx if one uses the vectors e>f ,n,m, then the 

quantisation is straightforward but not trivial. 
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