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Questions assoc ia ted  with the de terminat ion  of the charge  conjugation in non-Abelian gauge 
fields a re  invest igated.  It is shown that  the p rope r t i e s  of gauge groups allow the charge  con-  
jugation to be s imply  de te rmined .  

Together  with other d i sc re te  s y m m e t r y  t r ans fo rma t ions ,  a l a rge  ro le  in physics  is played by the o p e ra -  
tion of charge conjugation, pe r fo rming  the t rans i t ion  f rom par t ic le  to ant ipar t ic le  and back.  The charge  in- 
var iance of Lagrangiaus is d iscussed  in all the c lass ica l  texts;  a detailed exposit ion is given tn [1]. In e leo-  
t rodyuamtcs ,  the co ro l l a ry  of charge  [nvariauce is known as the Fa r r [  t h e o r e m  [ 2]; the potentials  of the e l ec -  
t romagne t i c  field a re  t r a n s f o r m e d  in charge  conjugation in the s imple  manner  

A ~~ = -- A~, 

where  A~C is the  charge-conjugate  potential .  It is found that genera l iza t ion  of C t r ans fo rma t ion  to the case  of 
theor ies  with non-Abel[an gauge fields does not reduce  to the s imple  extension of the law of t r ans fo rming  an 
Abeliau vec tor  field into a non-Abel[an field. It is a s sumed  that the s ca l a r  ~[ and spiuor  ~i f ields t r a n s f o r m  
under ctlarge conjugation in the usual manner  

Here  C is the charge-conjugat ion ma t r ix .  Then the condition of C invar iance  of the in teract ion of s ca l a r  fields 
with gauge fields Aa~ and the in teract ion of sp[nor fields with Aa# of vector  type is 

raAa~ = - -  r'~A~% (1) 

where  1- a a r e  gene ra to r s  of gauge t r ans fo rma t ions ;  F T a r e  t ransposed  m a t r i c e s .  The s ame  conditions a r i s e  
for  the CP invar iauce  of ax i a l -vec to r  in teract ions  of spiuor and gauge fields.  

The following l e m m a  offers  the poss ibi l i ty  of introducing C conjugation in the nou-Abelian case .  

LEMMA. The bas is  of a f in i te-dimensional ,  i r reducib le ,  complex r ep resen ta t ion  of a s e m i s i m p l e  c o m -  
pact  I~i group may  always be chosen so that each of the gene ra to r s  F a will be a s y m m e t r i c  or  a n t i s y m m e t r i c  
mat r ix ;  the s y m m e t r y  p rope r t i e s  do not depend on the choice of r epresen ta t ion .  

Using this  l e m m a ,  it is s imple  to define the operat ion of cha rge  conjugation of gauge f ields so that  the 
condition in Eq. (1) is sa t is f ied.  

The l e m m a  will now be proven.  Consider  the complex broadening L of a rea l  compact  s e m i s i m p l e  a lgebra  
Zk with bas~s r a ( r  a a re  a s sumed  to he an t [ -Hermi t i an  ma t r i ces ) ;  L k is defined by t h e  involution 0---=--9. 
where  9 ts the operat ion of Hermi t e  conjugation. Then [ 3], in L the re  is a K a r t a n - B e i l y a  bas i s  {Hi, Ea} with 
the p rope r t i e s  

o (H,) = - H,, O (E~) = ~_~. 

Here  H i may  be r ega rded  as diagonal m a t r i c e s ,  while the a lgebra  L k is a r ea l  l inear  envelope of the vec tors  
Hi, U a = i ( E a + E _ a ) , V a - - E  a -  E_ a .  It may  be a s sumed  that the gene ra to r s  r a coincide with Hi ,  U a ,  V~.  

Now consider  the r ep resen ta t ion  in the same  space of the Li a lgebra  L '  produced by the m a t r i c e s  {H i, 
E T a } .  Transpos ing  f rom the K a r t a n -  Bei lya  commutat ion re la t ions  

�9 fH~, ~ + ~ = 0  

[H~, E~] = ~ (H3 ~ ,  
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it is readi ly  seen that this basis has the same commutation relat ions as the basis of the mat r ix  {H i, Ea}. In 
addition, the Kartan subalgebras of the a lgebras  L and L g coincide, and hence all the i r reduc ib le  r e p r e s e n t a -  
t ions coincide. The la t te r  a re  thus equivalent, i .e. ,  the following re la t ion holds 

for  some nonsingular uni tary mat r ix  8. 
Since H i may be chosen to be diagonal, 
that 

Sfj  (;.~i) _ ~(,)) = 0. 

Let h 1 (i) be the old weight (which is unique). Then Sli =Si t= a6 i l ,  i .e . ,  8 is a s y m m e t r i c  mat r ix .  Other of its 
2 r --I  proper t i e s  a r e  a lso evident f rom Eq. (2): 8 =1, S = S=S . 

The mat r ix  P is now introduced [ 4] 

P = _ V - S = I - - i . E @ I + i s  P~-=S. 
2 2 ' 

It is obvious that p-1 exists ,  and that p T = p ,  p+= p-1 .  The next step is to pass f rom the initial r epresen ta t ion  
with genera tors  r a ={H i, U~, V a} to an equivalent representa t ion  with genera to r s  r~  = {H~, V~, V~} 

tt'i = pH,  p -1  = Hi, u :  = p u ~ p - , ,  v:  = p v ~ p - , ,  s = PEEP-' .  

It is not difficult to establish that 

E'~T=E'-~, U'~T=U'~, V'~ ~ = - V ' ~ .  (3) 

The genera tors  r w a a lso fo rm the basis of the represen ta t ion  r e f e r r e d  to in the l emma.  It will be assumed,  in 
addition, that the genera tors  l~a sa t is fy  Eq. (3). The mat r ix  C b is now introduced 

~'~ = c~r~, 
C b is a diagonal mat r ix  with diagonal e lements  of :~1. The mat r ix  Ca b evidently has the p roper t i e s  C T =C, 
C ~" = 1. The operation of charge conjugation of gauge fields is defined as follows 

A~, ~ --- -- CgAb'~. (4) 

Obviously, Eq. (4) sat isf ies  Eq. (1). Using the explicit  fo rm of the s t ruc tura l  constants in the K a r t a n -  
Beilya basis or  the re la t ion ~ c  ~ SP([Fb' Fc] Fa)'  i t  is found that 

fg,~,c~'c~'  = - c g , / ; ; .  

This allows the C invariance of the kinetic t e r m  of the gauge fields to  be establ ished.  The operat ion of charge 
conjugation takes on a more  usual fo rm in t e r m s  of the fields V0 u defined by the identity 

raAaV " : [-[ i l~' iv. + E , , ~  "r p ] - ~  --. ( I ~ ' ~ . )+  

For  W # ,  the operat ion of charge conjugation takes the fo rm 
~V~ = (% ~)+. 

Finally, fo r  the Faddeev--Popov vis i tors  C a and ~a,  the operation of charge conjugation is defined as follows 

c"~ = c g c  ~, ~"~ = c~C  ~. 

Then, if the t e r m  - ta ta /2  in the Lagrangian, which fixes the gauge, is chosen so that t a behaves like A a# under 
charge conjugation (e.g.,  t a = a #  A a# ), the Lagrangian of the vis i tors  will have C invariance.  

After this a r t ic le  had gone to p re s s ,  the authors became aware of a p repr in t  by Smolyakov [5], in which 
analogous resu l t s  were  obtained. 
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A N O N - S E L F - C O N S I S T E N T  E L E C T R O N - B E A M  

C O N T R O L L E D  D I S C H A R G E  IN M E T H A N E  

A. M. E f r e m o v  and  B. M. K o v a l ' c h u k  UDC 621.387.133.22 

The use of methane in a non-self-consistent discharge controlled by an electron beam permits 
obtaining high discharge currents for relatively low electric fields. The current gain is 10s for 
500 V/cm fields and a 14 mA/cm 2 injection current density. For fields greater than 7-8 kV/cm 
and atmospheric pressure, punch-through of the gas discharge gap occurs. It is shown that a 
breakpoint in the CVC in the area  of low currents is associated with the appearance of spots on 
the cathode. A domain instability, related to the nonmonotouic dependence of the drift velocity 
on the reduced field in methane, is detected. 

The possibility of realizing a gas-discharge eommutating high-pressure instrument with total control 
whose conductivity is controlled by a fast electron beam is shown in [1, 2]. High discharge current densities 
J for small voltage drops can be obtained in such an instrument by using a gas with high electron drift velocities 
for low electric fields. One of the gases satisfying the requirement mentioned is methane [3], in which the 
drift velocity v ~ 107 cm/sec is achieved for a very low ratio of the electric field intensity to the charged par-  
ticle concentration E/N=3 �9 10 -~? V' cm 2 (Fig. J) [4]. 

Results of investigation of the current-voltage characteristics (CVC) of a discharge in methane are pre- 
sented in this paper. The electric field distribution is measured in the gap In different discharge combustion 
modes, and the range of conditions In which complete current control is accomplished is determined. 

APPARATUS AND METHOD 

The experiments were performed at atmospheric pressure in natural gas with the following composition: 
methane 89-9]; ethane 1.2-2; propane 0.4-0.7; unsaturated hydrocarbons 6, carbon dioxide 0.1, and oxygen 
(0.5-0.6)~. 

The diagram of the experimental apparatus is represented in Fig. 2. The electron beam is formed by a 
tetrode gun with directly heated cathode [5] and is injected into the space of the discharge chamber through a 
window of 1.6 cm diameter sealed by a 20-pro-thick titanium foil. The energy of the accelerated electrons is 
135 eV, the current density behtndthe foil is 14 mA/cm 2. The current pulse was rectangular in shape, of dura- 
tion 8 *0.5 ~sec with 10 nsec rise and fall t imes. In order to measure the current distribution over the section, 
the electrode 1 was sectioned off in the form of concentric rings No. 1,6, respectively, with the diameter 0-25, 
25-50, 50-75, 75-100, 100-125, 125-175 ram. The diameter of the electrode 2 was 12 cm and the tntereleetrode 
spacing was d = 5 cm. 

A negative, or positive, potential was delivered to the electrode 2 from the capacitor Cp, whose capacitance 
was selected sufficiently high so that the voltage thereon would not drop during the current pulse. The potential 
distribution along the gap was measured by a probe. The probe 3 was a 100-#m-diameter tungsten wire with a 
1.25-ram spacing stretched on a ring and mounted at spacings of 1, 4, 10 mm from electrode 2, which was 
grounded during the probe measurements, while a positive potential was delivered to electrode 1 (shown by 
dashes in Fig. 2). The signal from the probe was taken off through a high-resistance divider 18.5 in2 + 75 ~2, 
the current sample was here a small fraction of the total discharge current. 

A photograph of the discharge was made by using an image brightness amplifier (IBA) on a photographic 
apparatus with an open shutter. In order to improve the outline, the shape of electrode 2 was selected close to 
a Rogovskii profile during the survey. 
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