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1. When a high-energy Y quantum col l ldes with a nucleus or when two

charged par t i c les -co l l idJ ,  the :ee . " i ray .U9 grgdyced,  bes ides  an  e lec t ron-pos l t ron
pai-r ,  afso a posS-tronium in accordaice * i t t  the iwo-photon scheme indicated 1n

the f igure (we are deal lng with paraposltronium - th-e bound state e+e; wlth

; ; ; " -S '= -o) .  Ho*"ver ,  the  c ross  " " " t lo t  fo r  the  produc t lon  pos l t ron ium is

smal le r  Uy  a  fac to"  o f  q3  than the  c ross  sec t ion  fo r  the  probuc t lon  o f  the  e+e-

pa i r ,  S ince ,  rough ly  speak ing ,  i t  iq  necessary  to  fa l l  1n  the  momentum Space

in  the  momentum-va1ue in te rva l  (Ap) '  ' , ,  (ma)  3 .  The c ross  sec t ion  fo r - the  pro-

duc t ion  o f  pos i t ron ium by  two photons  w i th  mome?t "  g ,  and-Qp- ! f le '  a )  can  be

expressed in  te rms o f  the  w id th  o f  the  pos l t ron ium decay  I  L I I

*z-
oo - J D(t  -1n2) =2.2aJDb -4n21,

w h e r e  s  =  ( q r  +  q " ) ' ,  m  i s  t h e  e l e c t r o n  m a s s '  a n d  c r  =  I / 1 3 7
(1)  we took  in to  account  the  fac t
that the decaY wldth

^ o i  ( z )

1s much smal ler  than the b in$ing
ene rgy  o f  t he  Pos l t r on ium md ' /4 ,

Us ing  ( l - ) ,  we  ob ta in  i n  t he
Weizsacker-Wit l - iams approximat ion
the  c ross  sec t i on  f o r  t he  p roduc t l on
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l n  t he  f l e l d  o f  a nucleus Ze by a photon wlth energy 0J >>m (F ls
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then we obtaln the angu-
<< m/6) ,  wh lch  co lnc ldes

( 5 )

( 6 )

,!

lq2r l",rn

is  the  spec t rum o f  the  equ lva len t  photons ,  and lO? l *1r ,

I f  w e  d o  n o t . l n t e g r a t e  w l t h  r e s p e c t  t o  q . 7  i n  ( 3 ) ,
la r  d ls t r lbu t lon  ( the  pos l t ron lum emlss lon  an l fe  fs  e -
w l t h  [ 4 ]

The c ross  sec t lon  (3 )  a r r re rs  on ly  by  a  fac to r  !na3/28  f rom the  c ross  sec-
t lon  fo r  the  produc t ion  o f  an  e+e-  pa l r  ln  the  same process .  There fore  the
cross  sec t lon  fo r  the  produc t ion  o f  pos i t ron lum 1n co l l l s ions  o f  two fas t  par -
t1c1es  w l th  charges  Z1e and z"e  and.  masses  M,  and M,  (F ig .  c )  shou ld  a lso
d1f-fer_911y by this factor from the cross se6t lon o6tatnea by Landau and Li f-
s h i t z  [ 5 ]  f o r  t h e  p r o d u c t l o n  o f  t h e  e + e -  p a l r .  T h u s ,  t h l s  " r o s s  s e c t l o n  1 s

", - 
"t?^l '" '  

rnty - 5,F. r$-t, E J 2),lnr/ "rr),

*h919 I  
= (prpz), /wit t t t r  is the Lorer i tz f ,actor of the relat lve vetocl ty of the

co l l ld ing .par t l c les .  Th ls  resu l t  can  be  ob ta lned f rom the  genera l  fo rmula
( l )  fo r  t l te  p roduc t lon  o f  reasonances  by  the  two-photon  mechan lsm,  ob ta lned by
Budnev and S l - l vkov  [6 ] ,  by  subs t l tu t ing  in  i t  the  va lue  o f  f  (2 )  ( the  resu l t  

"

o f  [6 ]  must  aLso be  mul t lp l ied  by  2 .  i f , t s  fac to r  o f  2 ,  wh ich  takes  ln to  ac-
count  the  ident i t y  o f  the  decay  photons ,  has  been le f t  ou t  f rom t6 l ) .

We note that at  the energles reached
sec t ions  (3 )  and (6 )  a re  o f  the  same order
duc t l -on  o f  hadron resonances  l -61 .

2 .  I n  s o m e  e x p e 5 1 m e n t " , { g . . g . ,  w i t h  c o l l i d l n g  b e a m s ) ,  t h e  p o s l t r o n l u m  p r o -
duced w i th  momentum p  (Y  =  lp l /Zn)  s tays  fo r  a  cer ta ln  t ime At - in  the  reg ibn
of  the  magnet ic  f le ld  H.  Th ls  can lead to  new pos l t ron lum decay  channe lJ .  I f
in  the  sys tem connected  w l th  the  pos l t ron i -um the  e lec t r l c  f1e ld  E  =  VH is  su f -
f i c ien t ly  laTge,  then i t  can  lead to  a  decay  o f  the  pos i t ron lum (au to ion lza-
t ion)  in to  e -  and e-  (w i th  energ ies  tha t  a re  p rac t lca l l y  equa l  ln  the  labora-
to ry  f rame) .  Th is  uncovers  a  new poss ib i l i t y  o f  reg is te r ing  f ree  pos i t ron ium.
The probab i l i t y  o f  such a  decay  is  equa l  to  t / l

w h e r e  T 0 .  =  ( m a z ; - r  =  2 . 3  x  l - 0 - r 7  s e c  a n d  E 6  =  ^ z o s / z  =  L . 7  x  1 0 7  O e .
10 '  -  10"  and a t  a  f ie ld  d lmens ion  tu l  mr  the  probab i l l t y  l s  w n"  1  a t
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i n  modern  acce le ra to rs ,  the  c ross
as  the  c ross  sec t ion  fo r  the  pro-
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!H  =  no l120 =  L .4  x  l -Os Oe (w i thout  the  magnet lc  f ie ld ,  the  pa th  o f  the  pos i -
i ronium increases to l / t  "r ,  4 -  4O m). We note that W is not very sensit lve to
changes of At,  but decreases very sharply with decreaslng iH. Thus, when iH
decr6ases by 30% from the vaLue Lorresponding to W tu l - ,  the probabi l l ty (7)

drops by more than three orders of magnitude.

In  weaker  f ie lds ,  where  there  is  p rae t lca l l y  no  i -on iza !1o l t  pos i t ron lum-

can go over into orth5positronium (wi- t f r  spin S = 1),  the l i fet lme of which ls

targer by three orders of magnltude. To obtaln an ap.preci?!19 orthoposltronlum
y t e l a ,  i L  i s  n e c e s s a r r r  t o  r r a v e  i H  r u  ( e o r t h o  - . o * r ) / u  n ' 1 0 "  0 e  ( t h e r e  i s  n o

ionlzat lon in such f1elds )  .  The character i .st j .c t ransi t ion length 1s

i / ("ortti.o"rJ - 2. to-2 i1"r1

ryhr rs  hv  wapy lng  the  f ie l -d  f i  f s  poss ib le ,  in  p r inc ip le ,  to  ob ta in  f ree
L L t 4 v  t  e J

posit ionium ln the para- and ortho-states.

Al l  the obtalned formulas are valLd also for the product lon of the dimuon
(U+U-  1n  the  bound s ta te ) ,  w l th  the  obv ious  rep lacement  o f  the  e l -ec t ron  mass  m

by the muon mass. The corresponding cross sect lons are smal ler by almost four

orders of magnitude than for posl tronium.
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