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S u m m a r y .  - -  In this paper the <~ crossing relations ~ of the usual elemen- 
tary-particle (high-energy) physics are derived on the basis of Lorentz 
covariance, generalized also to Superluminal inertial  frames. In  this 
framework the <~ analit icity ~ postulate is unnecessary, and is better sub- 
st i tuted by the G-covariance requirement (i.e. covariance under the new 
group G of generalized Lorentz transformations, both sublunfinal and 
Superluminal). Moreover, new <~ crossing type ,~ relations are predicted 
on the basis of mere <~ extended relat ivi ty ~. They may well serve as a 
test for relativistic covariance of <~ force fields ~ like strong interactions 
and. particularly, weak interactions, and possible new ~ interaction fields ~ 
(which a p r i o r i  are not relativistically covariant). 

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

Let  us confine ourselves  to  t he  f r a m e w o r k  of s t a n d a r d  special  r e l a t i v i t y ,  

i . e .  a s s u m e  the  fol lowing pos tu l a t e s :  

i) P r i n c i p l e  of r e l a t i v i t y  (PI~): P h y s i c a l  laws of mechan ics  a n d  electro- 

m a g n e t i s m  are  c o v a r i a n t  u n d e r  t r a n s i t i o n s  b e t w e e n  two i n e r t i a l  f rames .  The  

v a c u u m  is also cova r i an t .  

(*) To speed up publication, the authors of this paper have agreed to not receive the 
proofs for correction. 
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A DERIVATION OF (~ CROSSING RELATIONS t) AND ITS PHYSICAL MEANING ~ 9  

if) Space is isotropic ~md space- t ime homogeneous.  

I t  is well known (~.~) t h a t  f rom postula tes  i) and  if) the  existence of an inva- 
r ian t  speed follows, which is recognized through experience to be the  light 

speed. 
:Now we wan t  in t roductor i ly  to show tha t  a third postulate is necessary (2), 

in usual re la t iv i ty ,  to avoid the  possibil i ty of in format ion  being sent into the  

past .  Le t  us first s ta te  the  (~ th i rd  pos tu la te  ~> t h a t  we shall c~ll the  Dirac- 

Sti~ckelberg-Feynman-Sudarshan principle (") (RIP)  as follows: 

iii) Thi rd  pos tu la te :  For  any  observer ,  physical  signals are actual ly  t rans-  

por ted  only b y  posi t ive-energy objects (i.e. by  the  objects t ha t  appea r  to the  

observer  as carry ing posi t ive energy and  going forward in t ime) (~). 

The (~ th i rd  pos tu la te  ) )may  seem a priori obvious and  superfluous. On 

the  contrary ,  it is necessary for solving the  following two basic problems:  

a) I n  Minkovski space. Let  us consider the  chronotopous as referred to 

a cer tain observer.  W h a t  prevents ,  in the  re la t iv i ty  framework~ a (chronolog- 

ically subsequent)  event  A2(x, t~) f rom affecting a (chronologically preced- 

ing) event  A~(y, t~), with t I ~ t ~  th rough a signal sent back  (into the  past)  

b y  A2 to AI? (4). 

b) I n  ]our-momentum space. See Fig. la) ,  i.e. the  f ree-par t ic le  hyper-  

boloid [c ~ 1] 

(1) E = ± V p  ~ + m~; 

how to in te rpre t  the  lower hyperboloid  points  corresponding to the  negat ive  

sign in eq. (1)? 

(1) W . v .  IGNATOWSKY: Phys. Zeits., 21, 972 (1910); P. FRANK and H. ROTHE: Ann. 
der Phys., 34, 825 (1911); E. HAHN: Arch. Math,. Phys., 21, 1 (1913); F. SEVERI: in 
Cinquant'anni di relativitS, edited by M. I~ANTALEO (Firenze, 1955); M. CAMENZlND: 
General Relat. Gravit., 1, 71 (1970); V. BE~Zl and V. GOnlNI: Journ. Math. Phys., 10, 
1518 (1969); V. GORINI and A. ZECC~: Journ. Math. Phys., 11, 2226 (1970); A. AGODI: 
unpublished (1973). 
('~) E. RECAMI and R. MIGNANI: Riv. ~UOVO Cimento, 4, 209 (1974); R. ~/IIGNANI and 
E. RECAMI: Int. Journ. Theor. Phys. (to appear). 
(3) The ((third postuIute ,) is known also as (~reinterprctation prineiplc~) (RIP). 
See ref. (~), and P. A. ~[. DIRAC: Proc. Roy. Soc., A126, 360 (1930); E. C. G. STi)C- 
KELBERG: Helv. Phys. Acta, 14, 32L, 588 (1941); R. P. ]TEYNMAN: Phys. Rev., 76, 
749, 769 (1949); 0. M. P. BILANIUK, V. K. DESHPANDE and E. C. G. SUDARSHAN: 
Amer. Journ. Phys., 30, 718 (1962); S. WEINBERG: Gravitation and Cosmology (New 
York, N.Y.,  1972). 
(4) Notice that, in relativity, all events of the Minkowski space should be a priori 
considered as ((always cxisting~). Cf., e.9., G. fl~RCIDIACONO: Relativit5 e cosmologia 
(Roma, 1973). 
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At  this  po in t  it is i m p o r t a n t  to  r e m e m b e r  t h a t  we have  shown (2) t ha t ,  

if a par t ic le  t rave ls  backwards  in t ime ,  t h e n  it carries also nega t ive  energy ,  

and  vice versa ("). I t  is easy  to  see t h a t  those  two  pa radox ica l  occurrences  al low 

an  o r t h o d o x  reinterpretation (s) when  t h e y  are  (as t h e y  do) s imul taneous .  I n  

py 

K 

J 

Pz 

Fig. 1. - Representation of the hypersurfaces E ~ - - p  2 =p2 for a) bradyons, with 
p2 ~ m2o ~ 0 (timelike case); b) luxons, with p2 ~ m~ ~ 0 (lightlike case); e) tachyons, 
with p2 ~ - - m ~  0 (spacelike ease), where m 0 is always real. In a) the points A '  and A ~ 
represent the particle kinematical states obtained by applying the operations C/ST 
and CT, respectively, to the kinematical state A. In  the case when we con]ine ourselves 
to subluminal frames and to usual LT's,  then it happens that  the ~( matter  ~) or (~ anti- 
matter ~) character is invariant for B's, but relative to the observer for T's. When 
eliminating the previous restriction, we may pass from particles to their antipar- 
ticles (through GLT's) even in the case of bradyons. 

fac t  (3)7 let  us suppose  (see Fig.  2a)) t h a t  a par t ic le  P ,  wi th  nega t ive  ene rgy  

(and,  e.g., (~ charge  )> --  e) (5) a nd  t rave l l ing  b a c k w a r d s  in t ime ,  is e m i t t e d  b y  A 

at  t i m e  tl and  absorbed  b y  B a t  t i m e  t2 < tl. Therefore ,  a t  t ime  tl t h e  objec t  A 

(~ loses )~ nega t ive  ene rgy  a nd  (~ charge  )~ - -  e, i.e. gains ene rgy  and  (( charge  ~) 

+ e; a n d  a t  t i m e  t2 < tl t h e  ob jec t  B (~ gains ~) nega t ive  ene rgy  and  ~ charge  7) 

- - e ,  i.e. loses energy  and  (( charge  ~)+ e. Such  a phys ica l  p h e n o m e n o n  will 

of course  appea r  t o  be n o t h i n g  b u t  t he  exchange  ]rom B to A of a ( s tandard)  

par t ic le  Q wi th  pos i t ive  ene rgy  (and (( charge  ~ + e) and  t rave l l ing  fo rward  

in t ime.  

:Notice t h a t  a priori  we can  a d o p t  e i ther  t he  first descr ip t ion  or the  re inter-  

p r e t ed  one t h r o u g h  t he  ~( R I P  ~). The  t h i rd  pos tu la te ,  on t he  con t r a ry ,  tells 

us t h a t  we must  use (( g I P  ~, i.e. t h a t  we must  a d o p t  t he  r e i n t e r p r e t e d  descrip- 

t i on  (and forge t  a b o u t  t he  first one). 
Moreover ,  we h a v e  seen t h a t  Q has t he  oppos i te  ~( charge  )) wi th  respec t  to  

P ;  this  means  t h a t  t he  t h i r d  pos tu l a t e  ( R I P )  opera tes ,  a m o n g  others ,  a charge  

(~) In this work the word (~ charge ,  is used in its widest meaning to indicate any pos- 
sible (~ additive charge )). Cf. ref. (~). 
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con juga t ion  C. A closer inspec t ion  of ((RII)  ~> (see Fig.  2b) and  ref. (~)) tells 

us t h a t  a c t u a l l y  

(2) (, m p  , ) =  ~ : p ,  

where  b y  /~ and  ~ we m e a n  the  opera t ions  of ene rgy  and  t h r e e - m o m e n t u m  

reversal ,  r e spec t ive ly  (2). Not ice  tha t ,  in our  t e rmino logy ,  (~ means  conjuga-  

x 1 x 2 l Z 

(;,) (;,,)~ 
Y~ 

Ill>t21 
f -~ (P) ; -q  ;E<0 ; 7 ;p  <o 

(tl, x l ) (~) I . . . . . . . . . .  
(O); +qr, E >O;?;p >O 

a/ 

[t <t'] 
F-'--I (-~q);g>o; T ;p -~ > 0  . r - - q  

ph = 
(t~x) (tr~ x') 

..... . ~ (--q);E>O;T;p<O 
Cf(Ph)=L~'J (-} 1)~v <0 [ ~ ]  

(- t,x) (-t'~x') 

"R IP"(ph)= [-~-'] (-q);E <O;T ;p<-O 
(+;t);v>O 

(t ,x) (V, x') 

~;~5,., ~(-q) ;E>O; ] - ' ;p>O 

b) 

Fig. 2. - a) repre,s(:nts the" exchange from A to B of a particle P with negatice energy 
(and (( charge" ~) and travelling backwards in tin,(; (t~< t i ) .  Such a process will appe,ar 
to be nothing but the" exchange ]tom B to A of a (standard) particle" (2 with positive energy 
(and ((charge ~>), travelling forward in time. Particle, Q may be shown to be, (maybe 
except for the hclicity) the a t~tiparticle of th(, initiM particle,: 0 =  ]5. See the text. 
b) shows a ce,rtain phenomenon ph, i.e. the exchange from emitter A to absorbcr B 
of a ce,rtain particle, and the transformations on ph (and on A, B) operated respectively 
by OT, by the (~rcinte,rpretation proce(lure, )) (RIP:  se,e, the te'xt) used in case a) and 
by 0[@. 

l ion  of all (addit ive)  charges  (e.g. also of m~gne t ic  charge~ if it exists) (8). I t  

is possible to  show rigorously (~) t h a t  Q will a p p e a r  exac t ly  as the  antiparticle 
of P in the  usual  sense (~). 

Therefore ,  if we go back  to  our  two prev ious  problems,  we shall  have  t h e m  
solved as follows: 

a) I n  Minkovski space: t he  par t ic le  P poss ib ly  going (backwards  in t ime  

and  wi th  nega t ive  energy)  f r o m  A2 to  A~ will be no th ing  b u t  the  exchange  

(6) By the" way. le,t us mention that  in ref. (2) we havc shown that,  when assuming 
(~ RIP ,>. it is always possible to write the" relation 

which is very inte,rcsting for the" physical umtcrstanding of (~ charge conjugation )). 
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]rom A~ to As of its antiparticle F (with positive energy and going forward in 
time). 

b) In  ]our-momentum space: as the upper hyperboloid points correspond 
to the kinematical  states of a free particle P, as seen by all the inertial frames, 
so the lower hyperboloid points will represent all the possible (free) kinematical  
states of its antiparticle P. 

I t  is quite interesting the fact tha t ,  once the notion of particle (as usually 
done) is introduced in special relativity,  then  the concept of antiparticle fol- 
lows merely from special relat ivi ty itself (~). Precisely, since 1905, on the basis 
of the double sign entering eq. (]), the existence--for  any  part icle--of  its anti- 
particle could have been expected, provided tha t  the third postulate had been 
used. 

2. - A no te  o n  extended re lat iv i ty:  t a c h y o n s  and S u p e r l u m i n a l  f rames .  

In the first Section we essentially introduced for special relat ivi ty a third 
postulate, the <( RIP  ~. 

We want  to stress tha t  its wdidi ty  has been already checked by us, since 
its application allowed us, in the previous Section, to give a correct meaning 
to the lower hyperboloid, i.e. to predict the existence of antiparticles (pre- 
diction verified by experience). 

Le t  us now pass to consider, besides the usual (let ~ c) particles (bradyons) 
and luxons (photons, neutrinos: see Fig. lb)), also faster-than-light objects 
(tachyons) (~). A << classical theory >> of tachyons has been recently put  forth 
by  us (~-). We have shown (~-) tha t ,  given a tachyon t,  a class of (usual) Lorentz 
t ransformations exists for which--roughly speaking-- t  is t ransformed into the 
ant i tachyon (") ~. The meaning of such a sentence, however, vanishes (e.g. 
because of the possible exchange of emission and absorption processes: el. 
Fig. 2a)) if we cannot refer our particle to some interaction (space-time) regions (7). 
For example, when a tachyon overcomes the divergent velocity (see Fig. lc)), 
it passes from being e.g. a tachyon t entering (a certain interaction region) 
to being an ant i tachyou t outgoing (from tha t  interaction region) (2). In  conclu- 
sion, the third postulate will be completed by preeising tha t  <(under suitable 
"Lorentz  t ranformat ions" ,  when e.g. the rSles of emission and absorption 
happen to be interch.~nged, any negative-energy object in the initial << state ~> 
corresponds physically to its positive-energy antiobject in the final ~( state >~, and 

vice versa ~, in the above sense. 

(7) Tlm pal'ticle source and detectors must as well be taken ahvays into du(; considera- 
tion. Scc ref. (e) and A. AGODI: Lezioni di ]isica teorica (Catani~, 1973), unpublishcd. 
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I f  we deal with tachyons  (and ant i tachyons) ,  t hen  the  (( Lorentz  t ransfor-  

mat ions  ,> we are speaking of can be just  the  usual  proper ,  or thoehronous 

Lorentz  t r ans fo rmat ions  (LT). 
However ,  if we deal with usual particles (bradyons and  ant ibradyons) ,  the  

suitable Lorentz  t rans format ions  of the  th i rd  pos tu la te ' s  last  fo rm mus t  be 

chosen among  the  (~ Super luminal  Lorentz  t rans format ions  ,) (SLT) (8). We must ,  

then,  refer  ourselves to the  theory  of special re la t iv i ty ,  generalized to faster-  

than- l ight  inert ial  f rames.  Such an (( ex tended re la t iv i ty  ~>, with its (, gener- 

alized Lorentz  t r ans format ions  )) (GLT), has been by  us buil t  up and  recent ly  

pu t  for th  (2). I t  comes down exac t ly  f rom the  same postula tes  i), ii) and iii) 

of Sect. 1, provided t ha t  we do not  confine ourselves a rb i t ra r i ly  to slower- 

than- l ight  speeds (2). 
The ex tended  re la t iv i ty  m a y  be folmd in ref. (~-). Le t  us repor t  here only 

its features  more  re levant  to us: 

i) The SLT's  resul t  (2) to have  the  form SLT ~ i i A > ,  where, if the  ma-  

trices A< : A<(fi "~ ~ l ) represent  the  usual (9) LT's ,  then  A> ~ A>(/3 2 ~ 1) are 

(complex) matr ices  ]ormally identical  to the  A<'s, bu t  corresponding to values 

Ifil ~ 1. I t  is easy to ver i fy  e.g. t ha t  the  produc t  of two SLT ' s  yields a sub- 

luminal  LT. 

ii) While sublmninal  LT ' s  (io not  change (as usual) the  four-vector  type ,  
on the  con t ra ry  the  SLT's  t r ans fo rm t imel ike  vectors  into spaeelike vectors,  

and  vice versa (even if t hey  preserve the  four-vector  m a g n i t u d e s - - e x c e p t  for 

the  sign) (~-). 

iii) The ex tended  velocity composi t ion law bears for instance the  conse- 
quences listed in Tables I and I I ,  which will be useful to us in the  following. 

TABLE I. - -  Consequences o/ the extended velocity composition law /or velocity magnitudes. 

V 2 > C2 ~ ,?/2 > C 2 

l~ 2 ~ C 2 V 2 ~ C 2 ~ V z2 === C 2 

,t:2 > C 2 ~ ,~/2 .:~ C 2 

(s) <~ SuperluminM >) means faster-th~n-iight, and (~ subluminM ,> slower-than-tight. Cf., 
e.g., ref. (2) and references therein. 
(9) However, wc are not considering space-time translations. Cf., e.g., ref. (2). 
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TABLF II .  - Effect o/ GLT's o~J the sign o/ various /our-eeetor components o/ an observed 
object, in the case o/ eollinear motion along the x-axis. Both subluminal  (u ~-u~) and 
Superluminal (U = U,~) relat ive velocities are considered. Analogously, both bradyons 
(having velocities v, relative to the ]irst, unpr imed frame) and tachyons (having veloc- 
ities V, relative to the unprimed frame) are as well considered. For  simplici ty,  only 
the e~ses + A<(flo-<c °") ~ n d - - i A > ( f l 2 > c  2) ~re considered, as well as the ot~ly caoses 
v > 0 and V >  0. Notice expl ici t ly  tha t  only x-components of v or V are effective, 
in this  context .  For  compactness '  sake, it  is assumed t~ > c. 

Rela- luA~lu l<c ,  IU~l~lVl>c I~1: lul<e, 
rive ve- V,~>e 0 < % < c  Vz>e O < % < e  
loei ty  

u > O  u < O  U>O U<O U>O U<O u > O  u < O  

s i g n  x' + + + - -  ± - -  j= + 

s ignx for U ~  t~, for u~v~ 

sign t '  =E + ± - -  + - -  + + 

sign t for e~/V~.><u for U)c2/v~ 

sign p'~ + + + - -  i - -  ± + 

signp~ for U ~  V~ for u Xv~ 

sign E '  :E + :£ - -  + - -  + + 

s ignE  for eo'/V~u for U'-~c~'/Vx 
• ! 

signv~ for co-/v~.Xu for U~c2/v.,. for U<> I~ for 'aX'v~ 

+ 

sign i'~ + + + - -  ± - -  Jc + 

sign j~ for U ~ l'~ for u % % 

sign O' ± + Jc - -  + - -  + + 

sign O for c2/I~.~u for U~c2/% 

3 .  - D e r i v i n g  c r o s s i n g  r e l a t i o n s .  

W h e n  t h e  s a m e  i n t e r a c t i o n  p rocess  p o r i g ina t e s  d i f f e ren t  d e s c r i p t i o n s  (~) 

f r o m  d i f f e ren t  obse rve r s ,  i.e. a p p e a r s  as d i f f e r en t  s c a t t e r i n g  p rocesses  d~(p) 

~nd d2(p) in  d i f f e r en t  fr,~mes rl  a n d  r2, t h e n  t h e  Pt~ r e q u i r e s  t h a t  d~(p) a n d  d2(p) 

be  r u l e d  b y  t h e  s a m e  d y n a m i c a l  l~w (2). The re fo re ,  b e c a u s e  of r e l a t i v i s t i c  

e o v a r i a n c e ,  processes d, and do present the same scattering amplitude A = A(s, t, ...), 
p r o v i d e d  t h a t  the physical meanings (~nd p o s s i b l y  t h e  s igns)  of t h e  i n v ~ r i a n t  

M a n d e l s t a m  v a r i a b l e s  s, t, ... (~o) ~re  a c c o r d i n g l y  c h a n g e d  (~0). N o t i c e  t h a t  G L T ' s  

a n d  <( R I P  )) do a u t o m a t i c a l l y  save  t h e  v a l i d i t y  of t h e  u sua l  c o n s e r v a t i o n  l~ws 

as  wel l  (o-). 

(10) See, e.g., R. HAGEDORN: Relativistic Kinematics (New York, N .Y. ,  1963); 
G. CH~W: S-Matria: Theory o/Strong Interactiot~s (New York, N. Y., 1962); P. ROMA:N : 
Introduction to Quantum Field Theory (New York, N .Y. ,  1969). 
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Now, let us consider subluminal and Superlumin.fl  boosts along the x-direc- 
tion. We sh:fil first consider only tachyons IT) having V: > c. I t  is then  easy 
to observe (e.g. f rom Table I I )  tha t  ("): 

1) A subluminal boost, L = ± A<, applied to an interact ion among T's 
(and/or luxons) ~llows "~ t ransi t ion (~1) from ~ certain process p ei ther  to p itself 

or to i) any scat ter ing p' obtained by CT-ing (~.~2) one or more particles, ii) any 
scat ter ing p" obtained by  ]5-ing no, one or more particles and (~/ST-ing all the 

remaining particles, provided that processes p' and p" are kinematical ly allowed 
(or, bet ter ,  satisfy the  conservation laws of energy, momentum,  ~ngular mo- 
men tum and all (~ charges )>). Scatterings p" are nothing but  the CPT-ed ones 
of sc:ttterings p'. Besides: 

2) A Superluminal  boost, L = -~ i A > ,  applied to an interact ion among B's 

(and/or luxons), allows a t ransi t ion from a certain process p either to p itself 
or to i) any scattering p' obtained by  CT-ing (~.~) one or more B's with v~ ~ 0 
and CP~-ing all B's with v~<~O or vice versa, ii) ~ny scat ter ing p" obtained by  
ei ther /5-ing or C/ST-lug all B's with G ~ 0 (and leaving unaffected all B's 

with v,<~0) or vice versa, provided that processes p' and p" satisfy the conserva- 
t ion laws of energy, momentum,  angub~r momen tum and all <( ch~rges >). More- 
over, the Superluminal  boost will t ransform B's into T's (i.e. will change s, t, ... 

into -- s, --  t, ...). As before, sc~tterings p" are the  C/ST-ed ones of scatterings p'. 

I t  is not iceable- -as  we have sa id - - tha t ,  by  using SLT's,  we may  get results 
holding ]or usual particles (br'~dyons) (,0). In  f~ct, if two processes among B's 

(e.g. an interact ion and the crossed one (~)) are different reactions 1)1, P2 t~s 
seen by  us (frame so), but  they  are seen as the same interact ion (~) d~ : d I d2 

(among T's) by i,wo dit'ferent superluminal  observers, ~ ,  ~2 (cf. ref. ('~)), then 

we may  conclude the following. We may get the scattering ampli tude (~4) 

of Pl, i.e. A(p~), by  applying the S L T ( S I ~ S o ) -  L~ to the ampli tude Adds)  
found by  S~ when observing s(.~tterint~ " Pl (~') 

(4) A(p~) ~ L d A d d ~ ) l  ; 

conversely, we may  get the  scat ter ing ampl i tude  of P2, i.e. A(p~), by applying 

the SLT(S., -+ so) L., to the ampl i tude  ('~) A~(d2) found by  S~ when observ- 

(11) M. BALDO, G. FONTE and E. RECAMI: Lett. Nuovo Cimento. 4. 241 (1970). 
(12) See. e.g., E. C. G. SITD~RSIIAN: Proc. Indian Acad. Sci., 69 (3A). 133 (1969); in 
1968 Proceedings o] the V I I I  3"obel Symposium (New York. N. Y., 1970). 
(13) Sec ~Iso D. A. ATKINSON : prcprint (Tckn. Technology Univ.. 1973); A. YACCARINI: 
Can. Journ. Phys.. 51. 1304 (1973); 3Jl(| to appc:tr. 
(~4) Notice that a scattering amplitude may be introduced cv(;n in classical (macro- 
physical, nonquantum) theory. Cf. ref. (2). 
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ing scattering p~ 

(5) 

But,  since by  hypothesis  

( 6 )  

it follows tha t  

R, MIGN2~NI &12(| E.  RECA.M] 

A(p~) = L~[A2(d2)]. 

At(d1) = A~(d~) = A(ds) , 

notice explicitly tha t  in eqs. (10) (and following ones) the arrows a t tached e.g. 
to the  t r imomenta  ~? and ~?, appearing inside brackets,  only record the versus 
of the  t ransformed (~) t r imomenta  with respect  to the original ones Pc, P~; 

5) the (( decay processes ~) of the  type  (2) 

(11) C(p~ , - -q~ , - -~ ) -~A( - -~ -~ , - -qA ,  ~- , ~ ) ÷ B ( p ~ , - - q ~ , - -  ~B)~- D ,  

when kinematically allowed; 

6) the  (~ formation processes ~> of the type  (~) 

(12) A ~- C(~z., -- q~, -- ~ )  ~- D(--  ~ ,  -- q~, + ~.) - ~ B ( ~ ,  -- q., -- 2~), 

when allowed. 

2) and the  total ly  C/3T-ed one (2); 

3) and the crossed processes like (2) 

A + C ( ~ ,  -- %, -- 2~.) -~B(p~,  -- q~, -- ~ )  + D ; 

4) and tile par t ly  CPT-ed and par t ly  CT-ed precesses (~) like 

(--P~, qc, ~- ~c,) -]-/)(P~, q.,  ~ )  -~ 

- ~ ( ~ ,  - q ~ ,  - ~) +B(- p ~ ,  - -  % ,  + ~); 
(10) 

( 9 )  

(7) A(pl) = A(p~) 

for all reactions among B's satisfying the initial hypothesis.  
Then, if we limit ourselves, for simplicity, to four-body processes, it follows (:) 

that  extended relativity requires the scattering amplitude A(s, t, ...) to be given 
by the same ]unction oJ the kinematical variables Jor the Jollowing reactions: 

1) the process 

(8) A ( ~ ,  q~, 2~) + B ( ~ ,  q~, 2~) -~ C ( ~ ,  qc, ~c) + D ( ~ ,  q~, ~ , ) ,  

where ~, q, ;t are t r imomentum,  (( charge ~> and helicity (2), respectively; 
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Of course,  t he  k inema t i ca l  var iables  (13) 8 ,  t ,  o.. will have  for  the  different  

processes t he  different  mean ings  a nd  values pe r t a in ing  to  t h e m  for  the  new 

processes.  I n  par t icu la r ,  no t ice  t h a t  

(18) (SLT) s - -  - - s ,  {SLT) t ---- - - t .  

We  conclude  t h a t :  

1) We have  der ived  crossing relations (~0), even for  B's ,  f r o m  mere  ex- 

t e n d e d  re la t iv i ty .  

2) New (( crossing type ~) re la t ions  are  requi red  b y  P R :  such re la t ions  m a y  

well serve as a tes t  for  re la t iv is t ic  cov'~riance of ((force fields ~)like ((strong 

in te rac t ions  )) a nd  pa r t i cu la r ly  (( weak  in te rac t ions  )) or, possibly,  new (( interac-  

t ion  fields ~) (which a priori  are no t  re la t iv is t ica l ly  covar ian t ) .  

3) E x t e n d e d  r e l a t iv i ty  itself requires  t h a t  t he  same  func t ion  A(s ,  t, ...) 

gives the  sca t t e r ing  ampl i tudes  of different  processes (as channe]s  s, t, u, ... 

of a f o u r - b r a d y o n  react ion)  in cor respondence  to  the i r  phys ica l  domains  of 

s, t, .... Therefore ,  in this  f r a m e w o r k  (, analiticity (lO) is unnecessary, and is better 

substituted by the G-covariance requirement (i.e. eovar iance  unde r  the  new group  G 

of GLT ' s ,  b o t h  sub lumina l  a nd  Super lumina l )  (~). 

To fu r t he r  c lar i fy  the  phys ica l  m e a n i n g  of our  procedure ,  let us las t ly  observe  

the  following. I n  a t w o - b o d y  to t w o - b o d y  sca t t e r ing  be tween  e l e m e n t a r y  par-  

ticles (let us consider  it as the  reac t ion  s-channel)  the  squ,~re t of the  t rans fe r red  

f o u r - m o m e n t u m  is well k n o w n  (~'~) to  be genera l ly  negative (~0,10.17): 

(14) t p"- < (}. 

This q u a n t i t y  is m o r e o v e r  k n o w n  (15) both to  become  posi t ive  and to change  

its m e a n i n g  (e.g. f r o m  (~ square  m o m e n t u m  t r ans fe r  ~) to  (~ square  to tM ene rgy  ~)) 

when  pass ing f r o m  the  s -channel  to  the  t-(qmnnel. 

This accords  to  t he  above-seen  fac t  t h a t  a SLT m a y  t r a n s f o r m  a reac t ion  

(among bradyons) in to  the  crossed one (among tachyons). 

(15) V. BERESTESKY, E. M. LIFSI[ITZ and P. PITAEVSKY: Relativistic (2uantum Theory 
(London, 1971), p. 34. See also E. C. G. SUDAt~SIIAN : Proc. Indian Acad. Sci., 67 (SA), 
284 (1968). 
(16) I. FERRI~'TTI and M. VERDE: Atti Accad. Sci. Torino (1966), p. 318; F. T. HA- 
DJIOANKOU: 2VUOVO Cimento. 44A.  185 (1966). 
(17) Since 1968, within the framework of (~ p{~rip]wrM models ~ (e.g. the one-particle 
exchant~c nn)del), th(~ possibility that  ltsual ((virtual particles ~) be actually consid- 
ered as t achyons has been suggested: sc(~ quotations in ref. (2). 
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T h e s e  p o i n t s  (~) h e l p  c l a r i f y i n g  w h y  r e c o u r s e  t o  t w o  S u p e r l u m i n a l  L o r e n t z  

t r a n s f o r m a t i o n s  (e.g. o n e  S L T  c h a n g i n g  c h a n n e l  s fo r  B ' s  i n t o  c h a n n e l  t f o r  T ' s  

a n d  o n e  S L T  c h a n g i n g  only T's i n t o  B ' s ,  w i t h o u t  a f f e c t i n g  t h e  c h a n n e l )  is n e e d e d  

t o  p r o v e  crossing relations a m o n g  bradyons. 

$ $ $  

T h e  a u t h o r s  a r e  g r a t e f u l  t o  P r o f .  A.  A G o r a  fo r  v e r y  f r u i t h f u l  c o m m e n t s .  

T h a n k s  a r e  a l so  d u e  t o  D r s .  R .  A~ATO a n d  L.  R .  BALD~M, Mrs .  G. GIUF-  

P ~ D A ,  Mr.  S. LEOTTA, D r .  S. R o D o N b  a n d  ~ r .  P .  ZI~GALE fo r  t h e i r  k i n d  

c o l l a b o r a t i o n .  

(~s) Since GLT ' s  m a y  change also the  observcd channel, in order  to avoid  confusion 
it  is be t t e r  to consider  the  ac t ion  of GLT ' s  on physical quantities as the  (~ observed to t a l  
ca te r ing  f o u r - m o m e n t u m  ~ (or the  (~ observed t ransfer red  fou r -momen tum ~>), r a the r  
than  on the i r  formal expressions accord ing  to a cer ta in  observer  (i.e. re la t ive  to a cer ta in  
channel).  In  fact ,  such expressions for the  above-men t ioned  physical quant i t ies  m a y  
well  change when changing observer  (i.e. whcn the  observed  channel  changes).  See 
also rcf. (z). 

• R I A S S U N T O  

In questo  ar t ieolo si de r ivano  la <~relazioni d ' incrocio  >> del l 'usuale  fisica delle par-  
t icel le  e lc lncntar i  (ad a l ta  energia),  sul la  sola base del la  covar ianza  re la t iv is t ica ,  estesa 
anche a s is temi di r i f e r imento  Super- luminal i .  In  un talc  contes to  il pos tu la to  di <~ ana-  
l i t ici th ~> non r isul ta  nccessario, e v i t a e  anzi  sost i tui to  dal la  r ichics ta  di G-covar ianza 
(cio5 di covar ianza  s()tto il nuovo gruppo G delle t r a s fo rmaz ion i  <( di Loren tz  ~> genc- 
ralizzatc).  Si prcdicono inol t re  nuovc re lazioni  dcl t ipo di qucl le  d ' incrocio ,  sulla base 
semprc  della <*relativitb~ estcsa ~>. Esse potrclobero scrv i re  comc tes t  della covar ianza  
rc la t iv is t ica  di <(campi di forza ,> come quell i  dellc in tc raz ion i  L>rti e, spcc ia lmentc ,  
delle in te raz ioni  deboli ,  e pe r  a l t r i  even tua l i  nuovi  <~ campi  d ' in te raz ione  ~) (i quali  a 
priori non sono rc la t iv i s t i camcnte  covar iant i ) .  

Bb[BO~[ << nepeKpecrtlb~X COOTHOmeHHfi >> H HX ~bH3HtleClCHH CMblCJl. 

Pe3IoMe (*). - -  B 3-tort CTaTbe Ha OCHOBe f[opeI-I-FU-KOBapHaHTHOCTH, O606U~eHHOfi Ta~<e 
Ha c~yqa~ cBepXCBeTOBbIX HHepttHaYibHblX CHCTeM oTcqeTa, BblBO,/I~ITC,q <<nepeKpecTrtble 
COOTHOILIeHH~I )> ,/L;I~I qbPI3Hl<14 3J'IeMeHTapHblX qaCTHIA npl,l BblCOKI4X 3Hepl'I4~IX. B 3TOM 
noaxo~e  nocTynaT <(aHa.,qt4TI4aHOCTH)> He ~IB.r[~IeTC~ Heo6xo,/IHMblM, H Off 3aMeH~eTC~ 
rpe6oBaaHeM G-KOBapHaHTHOCTH (T.e. KoBapI4aHTHOCTH OTI-[OCI4TeYIbHO HOBO~ G rpyHnb[ 
o6o6meaiablx r ipeo6pa3oBam~ J-IopeHTua, ~a~ cy6CBeTOBI, JX ra~ ~ cBepxcBeTOm, lx). 
KpOMe TOFO, HOBbIe << nepe~<pecTHb~e COOTHOIneHI4~[ )'> npe,~cKa3blBarOTC:a Ha OCHOBe 
<< rIpOT~:~KeHr~O!~ OTHOCHTe.rlbHOCTH)'>. OHH x a K ~ e  MOFyT c.qy~Kl4Tb UpOBepKo-~ penaTH- 
BHCTCKO~I KoBapI4aHTHOCTH (< CH..,qOBblX rlo..qe~l )')', rlO}lO6HblX CHJIbHblM B3aI4MO,/Ie~CTBI4~IM 

H, B qaCTHOCTH, C.rIa6blM B3a~IMO,Z/e~CTBHaM, rt BO3MO:~KHblX HOBblX << none~ B3arlMO,Zle~- 
CTBH~I )) (KO-ropr~le, anpnopm ae ~BY[I;IIOTCH pe.rI~/TI4BIICTCKI, I KoBaplJaHTrlblM/4). 

(*) llepeeeOeuo pe~)a~4ue~. 


