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Abstract 
A t  h igh  f i e l d  strength any known material wl11 break down by 
the production of electrons and ions. A t  a higher f i e l d  
strength,  massive production o f  pai rs  will occur. This 
phenomenon i s  discussed when heavy ions of Y = 100 col l ide.  
Even when the heavy ions approach t o  w i t h i n  one nuclear 
radi us, pair production i nvolvi ng electrons and mesons must 
be expected. The application t o  magnetic monopoles i s  
discussed. 

Research on h i  gh-i ntensi ty  1 asers  1 ed t o  t h e  i nvesti gatl  on of non-1 i near 
5 effects  i n  optics .  Electr ic  field-strengths of 10 volts/cm are 

comnonpl ace-even over extensive regions. If such f i  elds a re  maintained f o r  

suff ic ient  time they cause e l e c t r i c  breakdown i n  a i r .  

non-linear e f f ec t s  should be expected i n  metals. 

In the microw&ve region 

A t  ve'ry h i g h  .frequencies 

remarkable e f fec ts  will occur even i n  vacuum. 

High-energy physi cs concentrates on col 1 i sion between par t i  cl es. 

intensi ty  f i e l d s  give r i s e  t o  pa i r  production involving a var ie ty  of 

par t ic les .  

mass rn i s  

High 

T h e  frequeficy urn required t o  produce a pair  of par t ic les  w i t h  
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I f  a h i g h  f i e l d  1's produced durjng a short  pulse, pulse o f  an approprtate 

duration, T ,  wi l l  produce pairs ,  provided t h a t  

1 / ~ .  

does not great ly  exceed 

For longer pulses the probability of pair  production i s  apt  t o  decrease 

as 

~ - = %  

For shorter pulses, pair  production will decrease as 

The f i e l d  strength required for  ample pair  production i s  determined by the 

condition tha t  the force &e that  acts on an elementary charge multiplied by 
2 *. . 

the Compton wavelength Wmc should be comparable t o  mc . 
c r i t i c a l  f i e ld  strength 

This gives the 

2 2  
= (nc 1 /elk. &cri t 

Near an electron this f i e ld  strength i s  reached a t  a radius 

t ha t  i s  a t  the geometric mean between the classical  radius of the electron and 

the Compton wavelength. Near the surface of a uranium nucleus s imilar  f fe lds  

occur. , B u t  the distances over w h i c h  pairs  could be produced a re  too short  so 

tha t  actual pair-production i s  prohibited. 
- 
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. .as;; . The s i tuat ion i s . q u i t e  different  when two re l av i s t i c  parti .cles col l lde.  
,..% - . . 

In the Superconducting Super Collider (SSC), protons o f  i r =  20,000 meet. In 

the Relatfvlstfc Heavy Ion Collider (RHIC), two' uranium nuclei w i t h  Y - 100 

may interact .  Much higher frequencies and energies a re  reached% the SSC: 

The maximum f i e ld  strength i s  a l so  somewhat higher i n  theSSC. But i n  the SSC 

the duration of the encounter T i s  so short t h a t  t he  dependence of the factor  

( T W ~ ) '  l imits  the number of pairs  t ha t  one can expect, 

The case of overlapping f i e lds  fo r  uranium nuclei has been discussed by H .  
1 2 Gould and M. S. Heiss when two nuclei moving wi th  Y ..I: 100 i n  opposite 

directions coll ide.  They have shown tha t  there  i s  ample production of 

el ectron-posi tron pal rs, product? on of +mesons and even some production of 

T-mesons. This i s  due t o  the f a c t  tha t  the e l e c t r i c  f i e l d s  add while the 
magnetic f i e lds  subtract  so tha t  f o r  a short  period the invariant 8 2 - $2 
becomes very large. 

One should a l so  notice tha t  pa i r  production will a l so  occur when two 

uranium nuclei miss each other so tha t  the nearest  approach of the two 

surfaces i s  of the order of 10- cm. Then between the two nuclei the 

e l e c t r i c  f i e lds  will subtract and t h e  magnetic f i e l d s  will add. 8'- ,-e2 
12 

wfll become equally large ( i n  absolute value). 

B/mc pai r  production can occur. 

If T i s  not much more than 
2 The  approximate upper l imi t  o f  the r e s t  

energy i s  

when rN i s  t he  radius o f ,  t h e  coll iding nuclei. 
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... ..._ 
the pair  production should be prevented. B u t  one should expect t h e  production 

o f  bound quark-antlquark pairs ,  that  i s  o f  ?I mesons. Thus meson; and quark 

plasmas will be produced not'only i n  the  overlapping parts o f  t h e  col l lding 

nuclei b u t  a lso i n  t h e  f r ee  space around them or between them. 
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The case of close col l is ions wlthout actual overlapping i s  interesting for * . 

! three different  reasons. 
I 

Nhile such co l l i s ions  are  not e f fec t ive  f o r  low y-values and have not ye t  

been observed, i n  t h e  range o f  high Y-values they are more probable t h a n  

actual contact.  

Secondly, pa i r  production by sudden  negative values of ,g2- $2 i s  a 
- _  

consequence of t h e  mixing of negative energy and pos i t ive  energy 

ei genfuncti ons or̂  t h e  Di rac equation i n  a strong magneti c f i  el d .  Confi rmati on 

o f  this  theoretical  statement would be o f  some in te res t .  

Finally, the experiment will have a bearing on t h e  production of magnetic 

monopol e-anti pol e pai rs . Thi s pair production i s impeded under most 

conditions by the high value of !-I, the monopole strength. 

pair-production the a t t r ac t ive  potential e / r  i s  small compared to  t h e  

For e l ec t r i c  
2 

kinet ic  energy bc / r  connected with t h e  uncertainty prlnciple applied to  a p a i r  

created a t  a distance r .  The r a t i o  i s  e /Hc = 1/137 and has t h e  same value 

f o r  t h e  e l  ectron-posi tron or  t h e  proton-anti proton creation. 

2 
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For a monopole-antipole creation the potential energy i s  p?/r . _I ,. . * and t he  
1.. .- . 

2 kinetic energy f s  k l r .  

even i f  they a re  produced, will not be torn apart except t o - a  distance - . 
This i s  t he  distance they can achieve w i t h  l f g h t  velocity d u r i n g  the time of 

encounter 'I - - - 0  rN The s imilar i ty  t o  the quarks 1 s  obvious. 

poss ib i l i ty  o f  a connection between quarks and monopoles has been pointed out 

by Jul tan Schwi nger. 

The r a t i o  will be IJ IMc = 3 3 ? .  Therefore,' pa i r s ,  
rN 
y ,  

s. 

The 
Y .c 

3 

Q 
Monopoles of a mass not great ly  i n  excess o f  304 eV, the l imit  imposed 

'by mc2 = HIT, could i n  principle be produced by the  col l is ion o f  heavy 

nuclei a t  RHIC. It  i s  quite unlikely tha t  f r e e  monopoles will be actual ly  
- ~ -_ - -  . - _. 

observed, because a s i n i l a r  process in i t i a t ed  by cosmic rays would have 

a1 ready produced them. 
-- __ 

High I;-value co l l i s ions  between heavy ions can be studied f o r  various 

approaches o f  the co l l i s ion  partner, The energies and numbers o f  t h e  

electrons and positrons produced will indicate the distance t o  which t h e  ions 

have approached. The mesons obseryed i n  coincidence can give a detailed 

description of the col l  i sion process. 

If indeed the quarks shoulil have a monopole nature, t h i s  may resu l t  i n -  a 

I n  great ly  increased m2son production fo r  the near-miss typ-2 o f  col l i s ions .  

t h i s  way a basically new type of meson formation may be demonstrated. 

The SSC has the p o t e n t i L 1  t o  expand our knowledge o f  physics into new 

f ie lds  as w i l l  central col l is ions a t  RHIC t o  some e x t e n t .  Periphcral 
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colli sions at RHIC may not explore bas! cal ly novel phenomena, . but'--uf - .  1 1  perm! t 
..I -..,- -.. 

the exploration of our present ideas for energies up to 10" eV.: For actual 

collisions involving the overlapping nuclei the simplicfty OT statfstical 

mechanics will provide a new criterion of recent ideas. In the nefghborhood 

o f  the nuclei processes in the vacuum involving particles around 10 eV 

could be explored. 

4- 

9 

Experimentally the two kinds o f  processes could be 

separated. 

The solidity of science depends on the completeness o f  information on 

which we build. Study of heavy-ion collisions could improve the informational 

basis for future progress. 
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