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Summary.  - The three fundamental  series of uni tary irreducible repre- 
senta.tions of the Lie ~lgebra of the eonformal group in Minkowsky space 
are described. We use the homomorphism between conformal group 
and the group Ge,~ of linear transformations which leave invariant  the 
quadrat ic  form - - Iz l  12_ [z~ [2 + Iz 3 !2 ~ Iz 4 :~ 

1. - I n t r o d u c t i o n .  

Tile c o n f o r m a l  g r o u p  in M i n k o w s k y  space  h~s been  s t u d i e d  f rom w~riou~ 

po in t s  of v iew b y  seve ra l  a u t h o r s  (1-% This  g roup  is ~n ex t ens ion  of the  p r o p e r  

i n h o m o g e n e o u s  L o r e n t z  group ,  which  inc ludes  d i l a t~ t i on  (change  of scale) and  

u n i f o r m  ~cceler~t ions .  I t  is '~ s imple  Lie  g roup  of r a n k  th ree  a n d  o rde r  15, 

~md i t  is t he  l owes t -o rde r  s e m i - s i m p l e  g roup  c o n t a i n i n g  the  i n h o m o g e n e o u s  

(') Supported in par t  by EURATOM/C.N.E.N. (I .N.F.N.) <, Basse Energie ~). 
(**) On leave of absence from Ins t i tu to  de Fisica, Alonso de S.t~ Cruz, C.S.I.C., 

Madrid. 
(1) E. CUNNI~'(~AM: Proc. Lottd.  Math .  ,%'oc., 8, 77 (1910). 
(2) It .  BATEMA~: Proc. Loud.  Math .  Sot . ,  8, 223, 469 (1910). 
(3) j .  A. SCIfOUTEN: Ret~'. Mod.  Ph ys . ,  21, 421 (1949). 
(4) y .  MURAl: Prog. Theor. Phys . ,  11, 441 (1954). 
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Lorentz  group. This p roper ty  and the fact  tha t  some impor t an t  field equations 

~rre invar ian t  under  its t ransformat ions ,  are well known arguments  giving 

physical  impor tance  to the eonformal  group. 
F rom a quite general point  of view, independent ly  of any  field-theoretical 

description of in teract ing particles,  it m a y  be noted that ,  in principle, using 

as s ta r t ing  da ta  only the measurements  of angles in space-t ime in collision 

phenomena  ( that  is angles between p~irs of ingoing or outgoing particles and 

their  fi-values) we can determine the m~ss-ratios of the involved particles and 

also check the val id i ty  of the conservat ion principles associated with Lorentz-  

invaria.nce. The physical  results obta ined only with this type  of al~gub~r ob- 

serwl.tions (in adimensional  form) are clearly il iv~riaut under  the  conformM 
group. This r emark  is a fur ther  a rgument  showing tha t  the conformal  group 
could have an impor t an t  role in physics,  even if it is a critical question if really 

all physics can be deduced f rom observat ions on a sympto t i c  st~tes only. 

MUt~AI (~) has t r ied the classification of the un i t a ry  irreducible represen- 

ta t ions of the conformal  group extending a. me thod  used by  THO3fAS for the 

l)e Sit ter  group. Unfor tuna te ly  this extension seems to be uncorreet ,  ~s we 

show below. 
For  the groups of type  A~ tire complete  set of eomnlut ing operators  (6) 

whi(.h ca, n be used for ch~ssifying the basic functions of the irreducible repre- 
sent~rtions contains 21+l(1--])/2 operators.  1 are the inv~l.riants of A~ char- 

a, cterizing the irreducible representa t ion;  the rem~ining are convenient ly  
chosen (7) as the / infinitesimal operators  H~ defining the r~,nk, and the 

l(l-- 1 )/2 invar iants  of the sugroups in the chain A~_~ 3 A t-2 3 .-. ~ A~ 9 A~. For  
the groups of type  Dz, the complete set of commut ing  operators  (s) contains 
l+l( l - -1)  operators,  1 of which are the invar iants  of D~ and tire remaining  
l ( ~ - - l )  are usual ly taken (s) as tim invar iants  of the subgroups in the eha,in 

Bt-ID Dz-ID Bz-2D ... ~ B1D D1 • 

In this ehain only the invar ian t  of D~ is linear. 

For  the case of the conformal  group since it is equivalent  to the group 

of re~d l inear t ransformat ions  on a six-dimensional  space, leaving invar ian t  

the qu~dr~tic fo rm --x~--x22+x~+x~+x~+x~, the corresponding algebra is 

of type  A3=--D~. 
The number  of independent  commut ing  operators  is tl~en 9. In  the cb~ssi- 

fic~tion given by  3iURAI, it is implici t ly  assumed tha t  5 operators  besides the 

(5) y .  MURAl: Prog. Theor. Phys., 9, 147 (1953). 
(~) G. RACAH: Group Theory and Spectroscopy (Princeton, 1951), p. 49. 
(7) M. GEL'FAND and M. L. ZrnTIAN: Dokl. Akad. Nauk S.S.S.R., 71, 825 (1950). 
(s) M. GEL'FAND and M. L. ZETLIN: Dokl. Akad. Nauk S.S.,q.R., 71, 1017 (1950). 



CONFORMAL GROUP IN  b I INKOWSKY SPACE ETC. 475 

3 invar iants ,  suffice to specify complete ly  the  basic functions.  The choice of 
these 5 opera tors  does not  correspond to any  of the  two schemes given above  and  
it  is ve ry  difficult (if not  impossible) to find some other  set of 6 independent  
c o m m u t i n g  opera tors  containing these five. 

I n  the following Section, we show the homomorph i sm between the con- 
formal  group and the group G,.~ of the series of real forms G~.~. I t  is known (9) 
tha t  these groups have  q + l  fundamen ta l  series of un i t a ry  irreducible repre-  
sentat ions.  The three fundamen ta l  series do, d~, d2 of the conformal  group are 
described in Sect. 3. 

2.  - H o m o m o r p h i s m  be tween  G~.~ a n d  the  c o n f o r m a l  group in  M l n k o w s k y  space.  

We shall s t a r t  by  considering the  well-known homomorph i sm between the 
proper  s ix-dimensional  ro ta t ion  group R 6 which leaves invar ian t  the real  
q u a d r a t i c  fo rm 

~ ~ ~ ~ +  x l  (2.1)  x 1 ~- x~ ~- x s ~- x 4 ~- x s 

and the  four-dimensional  un i t a ry  un imodular  group SU(4) which leaves in- 

va r i an t  the quadrat ic  fo rm 

Le t  ~¢ be the set of 4 x 4 complex matr ices  such t ha t  

(2.2) A,~ -~ - -  A¢~ -~ ½ e , ~ z A ~  

the  matr ices  A E ~ /  depend clearly on 6 real pa ramete r s :  

A t ,  =- x l  + ix~ , A~,  =- .~12 ~ x l  - -  ix~ , 

.:(2.3) 
A ~3 = - -  .A24 = x~ + i x 4 ,  A1 ,  = A~3 = x~ ~- ix~ . 

The t rans format ion  

(2.4) A ' =  U A  U 

is such t h a t  A ' ¢ ~ ¢  if A e ~ ¢  and U e S U ( 4 ) ;  in fact ,  A '  is clearly an t i sym-  
met r ic  and  in order to show tha t  i t  satisfies (2.2) it  will suffice to restr ic t  our- 

(9) M. L. G~AEV: Dokl .  A k a d .  N a u k  S . S . S . R . ,  98, 517 (1954). 
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selves to  t he  ease of U = 1 4 7 B  with  B i n f i n i t e s ima l  ( B = - - ] ~ ) ;  we have  

2 w,z Akz ~ eijkl(Akz ÷ B k A ~  + A~, B z) 

= A,k ÷ [%k:, ,¢ .~tJk~A,  = A ~  ÷ (A~),~ q- (BA) i  i = a '  
ig  " 

The  t r a ,n fo rma t ion  (2.4) induces  a line'u" real  t r a n s f o r m a t i o n  R,, on t im 

six p a r a m e t e r s  x l ,  and  s ince  

2 ,2 2 2 (2.5) Tr  (A ' tA  ') = Tr  (AtA)  = 4(x~ -k x2 q- '~'3 ] x4 ~- x5 ] '~J('~) ' 

'2" f u r t h e r m o r e  i t  is a, p r o p e r  t r a n s f o r m a t i o n  s ince  i t  ('a,n be R~ conse rves  ~a~, ,  

t r a n s f o r m e d  in to  t he  i d e n t i t y  b y  a c o n t i n u o u s  change  in U, so R,,c R e. 

The  p r o p e r t y  

A " =  V A ' V =  ( V U ) A ( V I : ) -  

shows t h a t  t he  a p p l i c a t i o n  U-->R: is ~n h o m o m o r p h i s m .  I t  is no t  diff icult  

to  f ind the  u n i t a r y  m a t r i c e s  c o r r e s p o n d i n g  to  t he  15 e l e m e n t a r y  r o t a t i o n s ,  

e ~~:~ 0 0 0 

0 e -i~:2 0 0 

0 0 e -i':'~ 0 

0 0 0 e "/2 

for  instanee~ 

1 

0 

I0 

0 

o 

o 

0 0 

1 0 

0 1 

0 0 

0 0 

0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 0 

0 ('os a - -  sin 

0 sin a cos a 

cos a /2  - -  sin a/2 0 0 

sin ~/2 cos a/2 0 0 

0 0 cos~ /2  - - s i n a i 2  

0 0 sin ~/2 ('os ~/2 

1 0 0 0 0 0 

0 1 0 0 0 0 

o 0 1 0 0 0 

0 o o cos ~t 0 - - s i n  

0 0 0 0 1 0 

0 0 0 sin ~ 0 cos 

' y 

e tc . ;  c l ea r ly  SU(4)  is t he  c o v e r i n g  g roup  of R 6. L e t  us cons ide r  now the  

g r o u p  G~,2 of 4 × 4 u n i m o d u l a r  m~t r i ee s  which  l eave  i n v a r i a n t  t h e  quadra . l i e  



C(~NFORMAL ( ; t¢ ( )UP  IN MINKOW.~KY SPA('b;  E T ( ' .  477 

J'o Fin 

w i th  

( 2 . 6 )  s .... 

- i z ,  I ~ -  Iz~ I" + Iz~ I" + I-', 1~ = z',~." 

- -  1 0 (} 0 

0 - -  1 0 0 

0 (} 1 0 

0 0 0 1 

I f  MEG.,,,,  z ' % z ' =  z t M * s M z  = z*sz, so t h a i  

(2.7) M%'M = ~" 01' ,s'M%'M ---- 1 ,  (let M = 1 . 

In  (~omt)h'.tc anMogy  wi th  tit(; p re( :ed ing  case, t he  set of a n t i s y m m e l r i e  

m a t r i c e s  wi th  the  ( ' ,ondition 

(2.8) A .  = - -  A .  = ~..~,(.~A.~)~,~ 

t r a n s f o r m s  in i t se l f  u n d e r  t he  t r a n s f o r m a t i o n  

A ' =  M A ~  

if M ~  G.,,2. 

To p r o v e  i t  we cons ide r  a, gMn M : 1 + B  wi th  B in f in i t e s inml :  

s g s  - - -  ~, 
t h e n  

½ e,jk,(.s'A's),~, l~:,j~:,[(sA.~).., + (s[Ls%~(sAs)., + ( .~As), . (sBs), ,]  = 

--  A .  t-  }ei,**e.,.~(sB,s')..A,,, = A~2 + (A~3),, + (BA)~, = A',,. 

\Ve have  now, def in ing  A12, A , , ,  A .  as in (2.3): 

(2.9) Tr  ( sA '¢sA  ') = Tr  (sA+sA) = - -  4 ( - -  x~ - -  x~ + ~x;, + x~ + x~) , 

whi( 'h p roves  the  h o m o m o r p h i s n i  be tween  the  ( .onformM group  and  G.,,z. 

3.  - U n i t a r y  i rreduc ib l e  r e p r e s e n t a t i o n s  of  G~,~. 

(~RAEV (9) has  g iven  the  generM f o r m  of the  u n i t a r y  i r redu( . ibht  r epresen-  

t a t i o n  of t he  g roups  G ~ ,  def ined  as g roups  of unimodula ,  r ( ,omplex m a t r i c e s  
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of order p + q  (p>q)  levering inw~ria.nt the nondegener:m~d hermit  ea.n form 

In his work, GRAEV found q + l  types d0, d~, . . . ,  dq of fun(l~mlental series 
of irredueil)le represent~tions. 

In the following we expliei tate the formulas for the fund~mental  series 

do, d~, d2 of the group G2, 2. 

a) The series do is :~ssoei:~,ted with the re,Miz~tion of the group obta.i~led 
taking as inv~a'iant hermitean form ttle expression 

(3.1) 

I 
l q  
i 

1 
i 

z*~z= ]5~5~5~54]'! 

1 0 0 0 

0 - -  1 0 0 

0 0 1 0 

0 0 0 1 

~t 

Z2 

Z:I 

Z4 

If  g is :m art)itvary matr ix  of the group, we wnre  

I gLl g12 
g = [  

where g ,  is a 2 × 2  m ~ t t ' i x .  

The invari~me.c of z*sz implies gt~g =.% tha t  is 

(3.'2) 

gugn--g21g21 = 1 , 

f12Yl~-- * .q~2922 = -  - -  1 , 

- -  g 2 i  g 2 2  ~ 0 . (Det g = 1). 

The represent~tions are given in the Hilber t  space of the functions J(x, y, t) 

of the three complex '2 ×'2 matrices x, y, t s~tisfying the following conditions: 

~) For y, ] fixed, j is ~ lmmogeneous polynomial  in xn, ,r~2 of ~ given 

degree m~; and for x, t fixed, f is :~ homogeneous polynomiM in Yn,  Y~ of a 

given degree m~. 

fl) / is an anMytieal function in the four elements of t in tlle region R 
where 1-- t t*  is definite positive. Another  par t  of do is obtMned taking J as 

~mti~malytieal function ill t. 
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7) For  a, g iven inle~Aer r, the integra, l 

/"  
I[/17 J[ju[(i t*t)½, c(1--tt*)) ~,tJi'~'(det(1--tt*)r-4"d~(u)d#(v)d#(t), (3.3) 

converges ,  where  u m~d ~, ~re 2 x 2 nn i tm 'y  lmimodn la r  ma t r i ces ;  dp(u), d#(~) 

the cor responding  invaria.nt mea.sm'es, d#(t) the produ(. t  of the  differentiMs of 

the rea.1 and  ilnagim~ry pa,rts of the  elenients of t. The integTa.tion extends  on 

the (:omp~et spaces of the  ma.tri(.es u and  v, a.nd on the  region R defined in/~). 

The condi t ions  a), fi), 7) fix the three  pu, ra.meters m~, m~, r eln~racterizing 

the  different i rredneible representa t ions .  

The opera,tot of the  represent~t ion  is given by  

To [(.r, y, t) : J [x(.<~lt + t"<.12,), y(tg,.~ ~ g.~.,_), (tgt2 ~ g2~)-~(tgn -1- g~l)]" 

• (det  (tg~ + g~))-r 

(3A) 

(3.5) 

In  order  to ~'ive the expli(,it form of the infinitesimM gener~tors  we p u t  

g = l  ~e0~,  

F r o m  (3.2): 

e tea,1 << 1 and  g .  =: 1 + e ~ j .  

a* u = = 0 0~11 

0~12- 0~21 

~22 0 

The trallsfornla, t ion of / by  g I i-e:~ becomes  now 

(3.6) 

Tr ~ u  + Tr  oq.z = 0 . 

• (/(1 ~ c a , , ) @ e : a 2 , ) ] [ ( l e t ( t ~ a l 2  ~ 1 @,~:~22)] r =  

- - -  f [ . l '  4 e( ' l '~ l l  ~ '1'~0~'21), !1 ~ e(]/0~L2 @ ]//al '2), t @ a ' ( ta l l  -}- ~2l - -  tarot-- a j ) ] "  

• [1 - -  e r - T r  (~2 + tar,)] • 

I f  T~ is the  opera to r  of the  representa t ion  cor responding  to the infinites- 

imal genen~tor ~, we ha.ve 

(5.7) T~ = x(o~, + t ~ , ) . ~  + !J(~2~ + ta~2) '~}  + 

4- (t~n+~.21--toq2t--o~2~t)'~. r Tr  (%2-c toq.o) ,. 
cg 
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where 

We can conveniently take the following reMization of the 15 independent  

infinitesimM operators, in agreement  with (3.5): 

(3.8) 

with 

1 e i  0 1 ! el ,  
, B.  = - ~  

A i : -  -2  0 e i i 0  

i 0 e,  1] 0 
c , , -  

0 

- -  el, 

0 

e~ : - - 1 ,  e~ej=e~, eo=-i ( # :  0, 1, 2, 3; i, ~, k=1,  2~ 3). 

From the commutat ion  relations deduced by (3.8) we can obtain the fol- 
lowing correspondence with the physical co-ordinate t ransformations in Min- 

kowsky spaee: 

A,-~- x j ~ - ~  , 

( ~+Xo ~ ) C,-~- x~ ~,x~ ~ ' 

Co --> x ,  ~xt~ (dilatation),  

B,  + D r ~ 
ex ' 

(spatial acceleration), 

( temporal  acceleration). 

B i  - -  Di 1 c ~ 
- -  X,u X Ij - -  - -  X i  Xl~ 

Bo -- Do 1 ~ 
-~ __ __ X p X  p - -  __ XOXl t  

The representat ion of (3.8) using the eq. (3.7) becomes 

t3.9) 

Ta,-- 21 xei ' -~+ye~'~y+(tei--e~t)  ~ , 

Tsl ,=-- xeu '~x- -Y%'~y+ (t% + eut)'-~+ rTr(teF,) , 

i[ x~"~ ~ ~ 1 Te,= ~ .~- -y te , . -~y- - (e , - - t%t) . -~-~  rTr(te~) , 

I I ~ c5 ~ ~ rTr(t%)] T~,= :~[xt~,.c~ x ~- yt%" ~yy-- (e, + te , t ) .~- -  
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The three  e o m m u t i n g  ol)erators cor responding  to the  three d iagonal  mat r ices  

in (3.8) are choos ing  ea = 
0 - -  

T A. = ~ - -  Xu ~cxn + X~ ~Xx + yt~ ~ y u  - -  y ~  ~y~ + 2 t~  s ~  - -  t~, ~ l~  , 

TB. = ~ 

Being 

211 ~XlU I I- X12 8,Xl 2 -{-- Yll ~Yll @ Y12 ~Y12 - -  

for the  func t ions  of the st)ace of the ret)resentat ion , we have  

(3.10) T s . = ~ - [  ~ + ma 2 r ] - -  i 8 ~ ~ 8 

Choosing the  basis so tht~t T~° is diagona,1, (3.1(i) shows t h a t  the  funct ions  
of the  b:~sis :~re homogeneous  polynomiu, ls in tu, t~2, t~t, t22. I n  a s imilar  way  

can be t rea ted  the. par t  of the series d,, cor responding  to the  ease where J is 
an t ianMyt iea l  in t. 

b) The series d~ is obta.ined s t~r l ing  f rom the realiz~tion of O~,2 which  
leaves invari~mt 

0 0 o 1 

0 - -  1 0 0 
~ .  ! (3.11) zfs 'z  = ~ i 

(1 0 1 o 

1 0 0 o 

0 

• z = ~ -+'  {1 

1 

0 

0 

1 

0 . z .  

0 

The matr ices  g leavintz inw~t'i:mt (3.11) are related by  a s imi lar i ty  t rans-  

form,Mion M with the mat r ices  which h,a, ve inw~riant (3.1); M is the  ma t r i x  

for which M s ' M  ~=:s.  

31 - l l  ~ \ t u w o  C i m e . h ~ .  
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We wri te  every  geG~,~, accord ing  to the  s t ruc tu re  of the  m a t r i x  s', as. 

!gl~ g~2 g~a 

g : !g~l g~2 g~ • 

i g.~ g3~ g~ 

(where for  ins tance  g2~ is ~ 2 x i r ec t angu la r  mat r ix) .  

Inv~r i anee  of (3.1l) implies g*s'g = s ' ;  for  g = 1 + z~, ~ real  ~< 1, this  give~ 

= 0  (~31 ~- (~31 

t ¢ 

t t = 0  ~ : 0  
~33 ~ ~11 = 0 ~ ~23G3 - -  ~12 ~ ~13 ~ ~13 " 

The represen ta t ion  is given in a Hi lbe r t  space of func t ions  ](t, z) where  t 

is ,~ complex  number ,  ~nd z is ~ tri~ngub~r m~t r ix  of the  g roup  (72,~, h a v i n g  

the  f o r m  

Z = 

1 0 0 

z21 1 0! . 

Z31 Z32 ] i 

The func t ion  ] m u s t  be ~n~lytical  (or ~nti~n~litic~l) in t in the  region 

t t l <  1, ~nd the  in tegrM 

Jill[ 2 = f ]  ](t ,  Z)Is.  (1 - -  t t )  r-2 d#( t )  d t t ( z ) ,  

m u s t  converge  for  a g iven in teger  r. 

The in tegra t ion  ex tends  on the  region It I <  1, and  on the  whole  range  o f  

the  pa rame te r s  of the  ma t r i x  z. 

I n  order  to describe the  opera to r  Tg of the  representa t ion ,  we no te  t h a t  

the  p r o d u c t  zg can be univocMly wr i t t en  ~s zg----k~, wllere ~ is a m a t r i x  o f  

G~,2 h a v i n g  the  same s t ruc tu re  of z, and  k is a t r i angu la r  m a t r i x  of G2,2 of t h e  

fo rm:  

kll k12 k13 

k = 0 k~ k~ 

0 0 k33 
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The oper~tor of the r{'l)rese;~t:~tio]~ is ~iveu by  

' I. i r '  + i~*--2 (3.12) T ](t,  z)  = T ~ , ] ( t ,  "2).k~.;j,,~B~ 

= / [ ( t ( k&~  + (&~)~)-, .  (~(~:~),, + (/,.~)~,), ~] .(~(/,2& ~- ( z ~ ) ~ ) - ' - ~ ; :  - t~,:~,l ~ +~ 

The explicit  expre.~sion of ~, k~:, k:~3 a.re: 

(3.13) 

k3a - -  z3~g13 -H z.~2g~.~ :- g3"~ , 

~2~ / , '~ l ( z :ng12 - -  &'}g22 ~- ggz) , 

I,'.,.~ - -  z2ig~ g~2 - -  (z.,.lg~;~ + g~3) "2~ , 

Z2, = ]¢~-2~ (~2,(l~t 2_ , ( ] ~ , _  (;21913 ~ g2a)Zs , )  • 

The p~r~mmters ch~r~wterizing the unit:~ry irredueibh~ represent~tion,  :~re 

r, r ' ,  ~; (r, r '  integer,  ~2 re:fl). 
We l imit  ourselves to give the expression of the three commut ing  (}peru- 

to ts  corresponding to tim (li~gon~d forms of z{ (being g = l+s :{) :  

A = 

1 o o 

0 o o 

0 o - - 1  

i 0 0 :0 0 O: 
I 

i ~ - ~ i o  - - i  0 , c = r 0  ia~ o 
i 

~o o i [0 o o 

Being z an e lement  of (/~2,2) the (.ondition (3.11) implies tha t  i t  depends only 
on five real parameters .  

We c~n t,~ke for instaawe 

(3.14) z =  

1 

(z~)~ 

Z31 

0 0 0 

1 0 0 

0 1 0 

z32)1 (z32)~ 1 

] 

x2 + i &  

,r~ + i &  

1 / ~ 2  I ~ 2  2 2 r ," 
~ kw 2T - w  3 - -  , T  4 - -  ,T,,5) T-  t X 1 

0 

1 

0 

X2 - -  i x  a 

0 

0 

1 

- -  & + i&  

0 

L 
0 

o i 

11 
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The expressions for Ta, T~, Te, deduced f rom (3.12), (3.13), (3.14) are:  

(3.15) 

~ ~ ./ = 2~ + ~  + x . ~ + ~ , ~ + ~ - ( i ~ - 2 )  , 

TB/(t; x~, x~, x~, x, ,  x~) = 

Tof(t; xl, x,, xs, x,, xs) : 

c) 
of the quadra t ic  fo rm 

0 

0 
8r l  ~ 

0 

1 

The series d~ corresponds to the realization of G2.2 wi th  the  ma t r ix  

0 0 1 

0 1 0 

1 0 0 0 

0 0 

0 

1 

The e lements  g eGs.  ~ can be wr i t t en  in the  fo rm 

g __ 
gn ~12 

g21 g~ 
with g ,  2 x 2  matr ices .  

The representa t ions  are defined in the space of the functions /(z, t), where 
z = x ÷ i y  is a complex number ,  t is an  an t ihe rmi tean  2 x 2  ma t r i x  

IJ it~ t~÷it4[ f l  
t -= i ~nd ] / l  dx dy dtl dt~ dt3 dr4 < c~.  

- -  t3 + it4 it2 

In  this space the operators  of the representat ions  are given by  

(3.16) 

where 

T/(z, t) ---- f(~, t ) '~ (z ,  k22)" ldet k~l iQ , 
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Each  representa t ion  is character ized by the three numbers  5, Q'~ m being 
m integer  and ~ ~' real. 

As for the series dl, we give the generators  corresponding to the three dia- 

gonal matr ices  of the Lie algebr~ 

A = I  e3 0 i !  ea 0 1 1 0 i 0 
= ~ C = -  e a =  

- , B 2-1 0 - - e~  I 0 - - i  2 0 e3 21 0 - - 1  ~ 

~ ~ ~ im 

T .  = X ~x  + Y ~y - -  t~ + t~ ~t ~ 2 ' 

~ ~+ ~ ~'-2 ie. 
To---- t~ + t 2 ~ - 4 - t a ~ t 3  t, 2 

The calculation of the  other generators  and of the invar iants  for the three 

series is straightforward~ bu t  more involved. A more interest ing point  will 

be to look for possible physical  meanings  of these irreducible representa t ion;  
the va r ie ty  of the  ma themat i ca l  s t ructure  of the three series d0, d~, d2 seems 
indeed very promising.  

R I A S S U N T O  

Sono descritte le tre serie fondamentali di rappresentazioni irriducibili dell'algebra 
di Lie del gruppo conforme nello spazio di Minkowsky. Si fa uso dell'omomorfismo tra 
il gruppo conforme e i l  gruppo G2. ~ delle trasformazioni lineari che lasciano invariante 
la forma quadratica - - ] Z 1 1 2 ~ - - ] Z 2 1 2 ~  - ] g 3 t 2 ~  - 12'412. 


