


LETTER]~ AL NUOVO CIMENTO VOL. 9, N. 9 2 ]~a rzo  1974 

Magnetic Monopoles and Tachyons. 

R.  MIGNANI a n d  E .  R ~ . c ~ I  

I s t i tu to  di  tZisica Teorica dell' Univers i th  - Catania 

Is t i tu to  .Nazionale di F i s i c a  .tYucleare - Sezione di Catania  

Centro 8 ic i l iano  di  F i s i c a  ~ u e l e a r e  e 8 t ru t tura  della Mater ia  - Catania  

( r i c e v u t o  i l  12 N o v e m b r e  1973) 

1. - R e c e n t l y  in  re f .  (~-a) t h e  e x i s t e n c e  h a s  b e e n  g u e s s e d  of  a l i n k  b e t w e e n  m a g n e t i c  
m o n o p o l e s  (4) a n d  t a c h y o n s  (5.6). A n  e x p e r i m e n t a l  g r o u p  (s) t o o k  s e r i o u s l y  t h a t  sug-  
g e s t i o n ,  a n d  s e a r c h e d  fo r  (( t a c h y o n  monop. ' . , les ~), e v e n  if  t h e y  b a s e d  t h e i r  e x p e r i m e n t  

on  a t h e o r e t i c a l  a s s u m p t i o n  t h a t  we  d e e m  i n c o r r e c t  (s.9). 

I n  t h e  p r e s e n t  l e t t e r  we  w a n t  p r e l i m i n a r i l y  s h o w  t h e  n a t u r e  of  such  a c o n n e c t i o n .  
W e  a re  b a s i n g  o u r s e l v e s  o n  s p e c i a l - r e l a t i v i t y  t h e o r y ,  g e n e r a l i z e d  (67) fo r  S u p e r l u m i n a I  

i n e r t i a l  f r a m e s  a n d  f a s t e r - t h a n - l i g h t  o b j e c t s .  F o r  s i m p l i c i t y  we  sha l l  r e f e r  o n l y  to  x - ax i s  

b o o s t s .  T h e  m a i n  c h a r a c t e r i s t i c s  o f  (~ e x t e n d e d  r e l a t i v i t y  ~) of  i n t e r e s t  h e r e  a r e :  

i) t h e  g e n e r a l i z e d  L o r e n t z  t r a n s f o r m a t i o n s  (GLT) ,  w h i c h  (in t h e  case  of  x - a x i s  
b o o s t s )  r e a d  (o,7) 

(1) 

x =  C(x '  c o s ~  + c t ' s i n ? ) ,  y = ( - - ~ ( ~ ) y ' ,  

x' ) t ~  ~ ~1,  
t = C ( t ' c o s ~ §  , z = ( - - ~ ) z ' ,  

(1) L. PARKER: Phys. Rev., 1118, 2287 (1969). 
(z) Jr). WEINGARTEN: Report NBI-HE-71-3, Niets Bohr Institute,  Copenhagen (1971), Ann. o] Phys., 
76, 516 (1973). 
(3) E. RECAI~II: in Enciclopedia E S T  Mondadori, Annuario 1973 (Milano, 1973), p. 85. 
(~) P . A .  1~I. DIRAC: Proc. Roy. Soc., A 133, 60 (1931); Phys. Rev., 74, 817 (1948); J. SCHWINOER: 
Phys. Rev., 144, 1087 (1966); N. CA]3XBBO and E. FEmnARI: NuoVo Cimento, 23, 1147 (1662). For an 
extensive bibliography see, e.g., E. AMA~DI: in Old and New Problems in Elementary Particles, edited 
by G. PuPPI (New York, 1968); E. AMA/;DI and N. CABIBBO: in Aspects o] Quantum Theory, edited by 
A. SALAM and E. P. Wm?CER (Cambridge, 1972). 
(~) See, e.g., O. M. P. BILANIUK, V. K. DESHPANDE and E. C. G. SUDXRSr~A~: Am. Journ. Phys., 30, 
718 (1962). 
(8) R. MIG)rA~r E. RECA~I: Riv. Nuovo Cimento (to appear). See also ref. (3). For an extensive biblio- 
graphy, see, e.g., ref. (7). 
(7) R. MI~AI~I and E. RECA~tI: Nuovo Cimenlo, 14A, 169 (1973); 16A, 208 (1973); E. RECA~t[ 
and R. MIG~.~I: Lelt. Nuovo Cimento, 4, 144 (1972); 8, 110 (1973); and references therein. See also 
ref. (~). 
(') D. F. BARTLETT and M. D. LAIIANA: Phys. Rev. D, 6, 1817 (I972). 
(~) R. 1VII(~NAI~I and E. RECXMI: Lelt. Nuovo Cimenlo, 7, 388 (1973). See also ref. (*). 
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w h e r e  (*) 

]/1-- t g2q  
fl_-----tgqo [O<qo~<2n] ,  ~ - - = + [ 1 - - t g 2 ~ o [  - �89 ~ - + [ i i ~ t g ~  [,  

-~ tg2~ ~ . 

C ~ + -- tg2~ol ,  

c o s ~  .~2 
v -= Icos~l 

t h e y  c o n s t i t u t e  a new (7) group. G; 

it) a (~ p r inc ip le  of d u a l i t y  ~) (DP)  (6.:). de r ived  f r o m  the  p rope r t i e s  of t he  g r o u p  G, 
w h i c h  esse r t s  t h a t :  (~ T he  t e r m s  b r a d y o n  (7) (B) (usua l  par t i c les ,  v 2 <  c2), t a c h y o n  (T), 
s u b l u m i n a l  i n e r t i a l  f r a m e  (s), S u p e r l u m i n a l  i n e r t i a l  f r a m e  (S) do n o t  h a v e  a n  abso lu t e  
m e a n i n g ,  b u t  on ly  a re la t ive  one  ~); 

iii) a (~ ru le  of t a e h y o n i z a t i o n  ~) (TR)  (~.7) (or of t h e  e x t e n d e d  r e l a t i v i t y ) ,  as well  
d e r i v e d  f rom t h e  G p rope r t i e s ,  w h i c h  s t a t e s  t h a t :  (~ The  r e l a t i v i s t i c  l aws  of mechan i c s  
a n d  e l e c t r o m a g n e t i s m  for  t a c h y o n s  fol low b y  a p p l y i n g  a S u p e r l u m i n a l  L o r e n t z  t r ans -  
f o r m a t i o n  (SLT)- -e .g .  t h e  t r a n s c e n d e n t  one(~)  .K+ =~ l i ra  S L T ( / ~ > 0 ) - - ~ o  t h e  corre-  

s p o n d i n g  laws  for  b r a d y o n s  ~). In  fac t ,  pa r t i c l e s  t h a t  are  t a ehyons  w i t h  r e spec t  to  us  
( f r ame  So) arc  b r a d y o n s  w i t h  r e s pec t  to  f r a m e s  S (in p a r t i c u l a r  to  their  own res t  frame}. 
A n d  S L T ' s  effect  t r a n s i t i o n  f r o m  f r a m e s  S to f r a m e s  s, a n d  vice versa.  

2. - The  p r o b l e m  of gene ra l i z ing  ~ a x w e l l  e q u a t i o n s  for  t a c h y o n i c  sources  is n o t  
s t r a i g h t f o r w a r d ,  since t he  u sua l  e l e c t r o m a g n e t i c  t e n s o r  2'~, a p r i o r i  is no t  expec t ed  
to be  a G- t enso r  (i .e.  to  b e h a v e  as a t e n s o r  u n d e r  t h e  e x t e n d e d  g r o u p  G, in  p a r t i c u l a r  
u n d e r  SLT's ) .  T h e  p r o b l e m  reduces  to  gene ra l i z ing  u sua l  L o r e n t z  t r a n s f o r m a t i o n s  (lo) 
of t he  e lec t r ic  field E a n d  of t h e  m a g n e t i c  field H :  

f ! ! ! 

(2) n ~ =  H:,  ~ =  r ( ~ - - ~ : ) ,  H , =  r(B: + ~E'), 

for  S u p e r l u m i n a l  veloci t ies .  W e  sha l l  base  ourse lves  (9) on  t he  ana logy  of (~ L o r e n t z  
t r a n s f o r m a t i o n  )> (LT) e x t e n s i o n  (6,7). 

Howeve r ,  l e t  us  [ i rs t  premise  all  w h a t  follows. 
L e t  us  r e m e m b e r  t h a t  s t a n d a r d  Maxwel l  e q u a t i o n s  r e a d  (lo) 

(3) ~ , F , ~ =  j , ,  ~,_~,, = 0 [v2<e2] ,  

whe re  F , ~  is t h e  d u a l  t e n s o r  of F ,~ ,  a n d  j~ ~ ( ~ , , j )  is t he  electric c u r r e n t  dens i ty  

fou r -vec to r .  No t i ce  t h a t  we def ined (~.xl) 

1 (4) _ ~  -= ~ % ~ a  F~a [ # , v , ~ , f l = O ,  1 , 2 , 3 ] ,  

(*) By the way, notice that  in extended relativity both subluminal observers (s) and Superluminal 
observers (S), being all equivalent (6,7), will see the same Minkowsky space, an4 will use the same metric. 
However, if an observers s (or S) wants to look at space-time not directly, but through the observations 
of aa observer S (or s), then he will have to multiply them by i (since what is spacelike for s is timelike 
for S, and so on). This is the reason why imaginary units eater (only) the relations between observa- 
tions from s and from S (but not the ~ physics ~ build up by one and the same observer, through his 
own measures and observations). See 1%. MIONA~I and E. RECAMI: Loll. Nuovo Cime~to (to appear). 
(lo) See, e.g., L. D. LANDAU and E. M. LIFSHITZ: Theorie du Champ (Moscow, 1966). 
(~) See, e.g., J. M. LEI~CAAS: NUOVO Cimento, l t A ,  740 (1973). 
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where % ~  is the veal completely an t i symmetr ic  Rieci tensor. I t  is 

(4 bis) -F~v = F,v. 

Moreover, present  (~ dual i ty  ~> effects the exchanges E-~iH,  H-~- - iE .  
Let  us now introduce the autodual (electromagnetic) tensor 

where [~u, v = 0, 1, 2, 3] 

(6) (T~,) = 
H~ iE x 0 iE~--H~ - -  H ~ - - i E ~ ] .  

H~ iE~ H~--iE~ 0 i E ~ - - H x l  

o / H~ iE~ iEv--H~ H~--iE~ 

We are using the metr ic  ( ~ - - - - - - - ) ;  however, we write the generic vector as 
x ~ (ct, ix, iy, iz), so tha t  g , :  ~ ($~ and we have no dist inction between covariant  and 
contravar iant  components.  Summation is understood over the repeated indices 
(see, e.g., eqs. (3), (4)). Natura l  units (e = l) will be used when convenient (*). 

In  terms of T~,, the s tandard  equations (3) can be wri t ten together in an essentially 
single equation:  

(7) ~T,~= j,. ~,~= T,~ [v~<c~]. 

As is well known, if magnetic  monopoles are supposed to exist,  the previous eqs. (3) 
and  (7) may  be wri t ten (4) in a completely symmetr ic  form, by  introduct ion of the 
magnetic-current densi ty  four-vector g~ = (~m, g). Equat ions (3) become 

and eq. (7) then reads 

3. - Let  us go back to the  beginning of Sect. 2. 
I t  is easy to recognize tha t  the couple E~, H,  in eqs. (2) behaves as the c~uple x, t 

for subluminal  LT's .  That  is to say, for 0 < f l <  1, in the plane (Ev, H,) the axes E~, H~ 
! 

ro ta te  from 0 ~ to 45 ~ in anticlockwise and clockwise sense respectively (E~ start ing 
from E~, and H~ from H~). I t  is then s t ra ightforward to generalize transformations {2) 
for l < f l ~  § co, by  allowing axes E~, H :  to rotate  with continui ty beyond 45 ~ until  90 ~ 
(i.e., unti l  when, for fl-~ ~- c~, Er  and H:  coincide with H~ and E~, respectively). 
See Fig. la)-b). 

(*) As regards the electromagnetic quantit ies,  Heaviside-Lorentz units will be adopted, for practical  
purposes. 
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(Ho)z,y 

~(~)  I 
0 

/ a"Y / (H~ 

/~/ Hz(q~"), 

'y,z 

(Eo)y " -E,(@[) (Eo)y,z 0 
a) 

Ey(@'9 (Eo)y (Eo)y,z 
b) 

(Ho)x 

x~ ==- -fi~ 

'E.,( (Eo)., , , 

c) 

F i g .  1. - C o n s i d e r  a n  u n p r i m e d  f r a m e  so, s u p p o s e d  a t  r e s t ,  a n d  a n o t h e r  i n e r t i a l  f r a m e  ],  t o  w h i c h  w e  
s h a l l  a t t r i b u t e ,  e v e r y  t i m e ,  a l l  p o s s i b l e  e o l l i n e a r  v e l o c i t i e s  u ,  b o t h  s u b i n m i n a l  ( f r a m e s  ]') a n d  S u p e r -  
l u m i n a l  ( f r a m e s  ]"), a l o n g  t h e  p o s i t i v e  x - a x i s  (i .e. ,  u --= u= > 0). S u p p o s e  t h a t  i n  ] w e  h a v e  a u n i f o r m  
e l e c t r o s t a t i c  f ie ld  E p a r a l l e l  t o  t h e  a x i s  y o r  z (i.e., e i t h e r  E=--Ey o r  E------E~). T h e  c a s e s  a ) ,  b) r e p r e s e n t  
h o w  so wi l l  s e e  t h e  m o v i n g  f ie ld ,  a c c o r d i n g  t o  o u r  eqs .  (Sa) ,  (8b). F o r  0 < u < c, w e  s h a l l  h a v e  t h e  u s u a l  
c a s e  a ) ,  w i t h  0 < ~ v < 4 5  ~ . F o r  0 < u < o %  w e  s h a l l  h a v e  t h e  e a s e  b), w i t h  0 < ~ < 9 0 ~  in  p a r t i c u l a r .  
f o r  c < u < co, t h e  a n g l e  r w i l l  r a n  f r o m  45 ~ t o  90 ~ . W e  w o u l d  h a v e  m e t  a n  analogous s i t u a t i o n  
w h e n  s t a r t i n g  f r o m  a u n i f o r m  m a g n e t o s t a t i c  f ie ld ,  p a r a l l e l  e i t h e r  t o  t h e  a x i s  y o r  t o  t h e  a x i s  z. ( S e e  t h e  
t e x t . )  N o t i c e  t h a t  h e r e  t h e  s p a c e s  (Ev ,  H~) a n d  (E~, Hy)  a r e  pseudo-Eucl idean,  a n a l o g o u s l y  t o  s p a c e  
(x, t). O n  t h e  c o n t r a r y ,  c) i s  o n l y  a symbolic graph, m e a n i n g  t h a t  f o r  0 < u < c w e  h a v e  E ~ ( ~ ' ) = E  x, 
a n d  t h a t  f o r  c < u <  co w e  h a v e  Ex(q) ~) ~ - H  x ~ i E :  =-H". N o t i c e  t h a t  w e  a r e  u n d e r s t a n d i n g  t h a t  
H z = E x ,  in G a u s s i a n  u n i t s .  M o r e o v e r  (Ho)~ =-- H x .  C a s e  c) r e f e r s  f o r  s i m p l i c i t y  o n l y  t o  0 < ~ < ~t/2. 

( S e e  t h e  t e x t . )  

Therefore, s imilar ly to eqs. (1), we shall write, for both subluminal and Super- 
luminal  velocities, 

{ E~ = C(E" cos q + H'z sin ~v), 

(8a) H~ ~ C(H: cos ~ + E~ sin ~) ,  [fl~ X 1 ; 0 < ~ <  2hi. 

By analogous, (( geometrical  ~> extrapolat ion,  we may write, for both subluminal and 
Superluminal  velocities, 

{ Ez = C ( E :  cos ~ - -  H i sin ~0), 

(Sb) H~ -= C(H'~ cos q - -  E:  sin ~ ) ,  [fi~ X 1]. 

Regarding E~ and H~, as suggested by  eqs. (1) we shall write for Superluminal 
velocities (*) 

E~ = i E : ,  H~ = iHrz [f12> 13; 

in fact, as y, z components  behaved as co-ordinates x, t, we assumed now x components 
to behave as co-ordinate y (or z) in eqs. {1). For  both subluminal and SuperZuminal 
velocities we have (*) (see Fig. lc)) 

(8c) H~ = H~'~, [f12 ~ 1]. 

(*) I n  t h e  f o l l o w i n g ,  w e  s h a l l  f o r  s i m p l i c i t y  c o n f i n e  o u r s e l v e s  t o  -- g ] 2  < ~0 < ~t]2. N o t i c e  s i n c e  n o w  
t h a t ,  d u e  t o  i n v a r i a n c e  o f  o u r  a u t o d u a l  t e n s o r  T ~ v  u n d e r  ~ d u a l i t y  ,), w e  m a y  c o n s i d e r  iE'-=---  H= 
( w h e r e  H~  = E=,  i n  G a u s s i a n  u n i t s )  a n d  i H '  =--E x ( w h e r e  E~ = H x ,  i n  G a u s s i a n  u n i t s ) .  
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Notice  expl ic i t ly ,  f rom eq. (7'), t ha t  multiplication by the imaginary uni t  i turns quanti- 
ties due to the electric current into quantities due to the magnetic current (*). Our trans-  
fo rmat ions  (8) m a y  be as wel l  de r ived  by  consider ing the  complex  vec tor  (10) 

o , ~ - E + i H ,  E =  Re , ~ ,  H = I m ~ ,  

and  sui table  ro ta t ions  (*). 
W i t h  t r ans format ions  (8), we get  precisely the  in te res t ing  resul t  t ha t  under SLT's  

electric and magnetic currents are changed one into the other. In  o ther  words,  Super luminal  
(( electric charges ~ con t r ibu te  to the  e lec t romagne t ic  field as subluminal  magnet ic  mono-  
poles  wou ld  do, and  viceversa. I f  (bradyonic)  monopoles  do no t  exis t ,  then  (~ electrically 
charged ~ tachyons will bring into the (generalized) field equation contributions o] magnetic- 
monopole type. 

Namely ,  let  us consider  a SLT, e.g. the  t r anscenden t  one (from the  unp r imed  f rame 
to the  p r imed  frame) (6,7): 

( lb i s )  K + =  ( :  2 

where  

0 ~ = _ ( _ % G i a o ) ,  
- -  ia  d 

i )  and  a~------(i i )  

are Pau l i ' s  matr ices .  If,  according  to D P  and  T R  (Sect. 1), we app ly  K+ to eqs. (7), 
we get  (**) 

(9) d i v E ' =  0 ,  d i v H ' =  - -  0~ [f12> 1], 

and,  by  app ly ing  /s to eqs. (7'), 

! ! 

(9') d i v E '  = t in,  d i v H '  = - -  qe [f12> 1]. 

I t  is easy  to ver i fy  tha t ,  w i th  our eqs. (8), the  (Maxwell) field equa t ions  (7') can be wri t-  
t en  in  G-covariant form (i.e. in a form cova r i an t  under  the  whole group  G of GLT's)  

(*) Therefore, when passing from a Superluminal frame (with speed corresponding to q9 s) to a eollinear 
.subluminal frame (with speed corresponding to q%), we can better write 

{ E=(~8) = iE', = iEA~Os) = - H=(~), 
Hz(~s) iH'z = iHx(~o s) Ex(~0 s) [f12 > 1], 

where, in Gaussian units, H~ = E~ and E~ = H~. By adopting a diHerent lormalism, one can, for example, 
write (for f12 > 1) 

(SLT) > Hx { <.: 
where now, in Gaussian units, H~ = E-' and Ex = H~. These considerations do agree with the well- 
known invarianee of the electromagnetic tensor T ~  under the , duality exchanges *. 
(**) By the way, the , transcendent Lorentz transformation ~ /~+ works so that 

E;= . . ,  z~;=-E=, 
E', g~, H~ = E,, 

-as heuristically forecast in ref. (D. 
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as follows: 

{ 0,T,~ = [i,(s) + g,(S)] + i[g~,(s)--i,(S)], 
(10) Iv ~ <> c~], 

where ]~(s) and g~(S) are the subtuminal electric current and the Superluminal magnetic 
current respectively, and so on. 

I f  is assumed magnetic monopoles do not exist, nevertheless (due to tachyon presence) 
eq. (10) will read 

(11) ~.~ : T,,~, [v~e~]. 

Notice that  the quanti ty T ~ ,  which is a tensor under the standard Lorentz group, 
is no more a usual tensor under the group G, since T,~ under a SLT behaves like a 
standard tensor, except--however--lot a factor i. That  is to say, T ~  is no more 
supposed to be a standard tensor in eqs. (10)-(ll). However, we are assuming 
] ~  ~ou~, where ~o is the proper charge-density and u ~ - - d x J d %  is the G-fourve- 
locity (4), so that  j ,  is a G-fourvector. Let  us now for simplicity reduce to sub- 
luminat  LT's;  in this case eqs. ( l l )  are equivalent  to the following ones: 

(12) 

V ' D  : e ( s ) ;  

V.B = - e ( S ) ;  

~ B  
V A E  = j(S)  - - ~  ; 

~ D  
V A H = j ( s ) +  ~ ,  

Iv ~ ~ e 2 ; s = subluminal; S = Superluminal] 

whose physical meaning is transparent. 
All such problems will be dealt with, with more details, in a forthcoming paper,  

with at tent ion to the experimental  consequences too. 

Summary. - Connection between magnetic monopoles and faster-than-light particles 
is shown, in the framework of extended special-relativity theory, by generalizing the 
Maxwell equations to Superluminal sources. 

Thanks are due to Prof. A. AGODI and Prof. A. GIGLI for kind interest in this work. 


