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photon f rom the lepton,  is  s igni f icant  at  l imi ted t ransverse d inen-
sions of the singled-out hadron and dominates over the correspond-
ing process wi thout  photon emiss ion.

We show in the present  paper that  at  h igh energies the e+e- annih i la t ion wi th a s ingled-
ou t  had ron  h ,  acconpan ied  by  em iss ion  o f  a  ha rd  pho ton  q 'by  t he  l ep ton  k (k ' ) ,  e - ( k ' )  *  "+ (k ' )*  h(P)  + Y(qt)  + hadrons,  is  s igni f icant  for  a hadron wi th a t imi ted t ransverse momentun,  and
is even predominant in comparison with the corresponding phononless process and must be taken
into account  in  the exper imenta l  s tudy of  the inc lus i ,ve one-photon e+e- annih i la t ion in  the col -
l id ing e+e- beams of  the near future.

The invest igated process is  descr ibed by the two d iagrams of  the f igure.  The d i f ferent ia l
cross sect ion of  th is  process conta ins st ructure funct ions f r1,21q2,  v ;  (v  = pq) ,  descr ib ing the
ver tex of  the t ransi t ion of  a v i r tual  photon q in to a s inglediout  hadion wi th 4-momentun
P(Po,  P1,  P11 )  and the remain ing hadrons X.

Since we do not  know the behavior  of  the funct ions i l r . r (qt ,  v)  at  large q2,  the in tegra-
t ion wi th respect  to  the d i rect ion of  the v i r tual  photon is 'pojs ib le only  wi th logar i thmic
accuracy.  A feature of  the d iagrams of  the f igure is  the presence of  t -  and u-chinnel  poles
wi th respect  to  the e lect ron.  Using the fact  that  at

f > c 1 ,  =  
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these poles l ie  near  the physical  region when integrat ing wi th respect  to  angle between q and p,
we obta in af ter  in tegrat ing wi th respect . to  th is  ang1e,  wi th logar i thmic accuracy:

e. # = +" |_to!^'n(h)'"li[n,re,,,,) * f in , ( i2 . , r ,J  - ,on-o, , , }  ,  ( r )

where we have separated in  the cur ly  brackets,  in  accord wi th [ f ] ,  the inc lus ive cross sect ion
for  the process e+e- *  h + X.  Here p is  the hadron mass,

2 " r t / 7  =  ( s t  qz )po -  (  s  -  q2 )p l ,  .

we are interested only in the contribution from the hard photons (ql t q,l. i . =
=,  ( t  -  qha) /2G).  I t  is  easi ly  seen that  i .n  the in tegrat ion wi lh  respect  to  q i " ' f fom qf  , - ; .  to
9frax = s- ,  the te?m"resul t ing f rom q ' /s  in  (1)^are smal l  wi th power- law accuraCy ( r  l /s j i - i i "we
": :y t "  that  Wl ,z(g ' ,  v)  is  bounded at . large g2,  so that  the mi in contr ibut ion to the in tegra l
wi th respect  t6  qz is  made by smal l  q2,  and the order  of  rnagni tude of  the contr ibut ion nade to
po(doldp)  by the hard-photon emiss ion wi l l  be (o3lsq?,zminl i ls /m!) .  Thus one should expect

(wi th a l lowance for  the smoothness
of  the stTucture funct ions)  the
ra t i o  r  o f  t he  i nc lus i ve  c ross
sect ion wi th the emiss ion of  a hard
quantun to the corresponding cross
sect ion wi thout  emiss ion to be of
the order of
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We present  a general  formula,  obta ined by in tegrat ing the d i f ferent ia l  cross sect ion in  the
logar i thmic afprox imat ion.  i t_ is  convenient  here to in t ro{uce in p lace of  q2 the var iable
{ !1  =  2V1  /q2  and  the  func t i ons  F11u l1 ,  V r )  =  f r r ( q ' ,  v1 )  and  F r ( t r r ,  v , )  =  ( v1 /u ) :Wr (q ' ,  V r ) .  Then
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Forrnula (2)  is  va l id  for  bounded p1 :

, ' n '  ,  ln f l )> ,  r .
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In  order  for  the ef fect  to  be appreciable,  po should not  be too c lose to the end point  of  the
spectrum (zpo/ t /E = uro < 1) .

We consider  several  par t icu lar  cases.

1 .  p o  < <  6 .  I n  t h i s  c a s e  q | . r * i n
po6 ,  po  =  p )  and  fo r  a  re la t i v j . s t iC 'one
scal ing for  F1 ,z t  a l rd we have for  r

>> p2 both for a nonrelat iv ist i .c hadron (q? z. i .  =
(9 i ,zmin  =  1G/2v i ( l l  *  u ' r ,  po  >> u) .  l r le  6an^ issume
t _
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e -  c o l l i s i o n w i t h E o  =  5  G e V  ( s  =  4 E A )  w e  h a v e r t u 0 . s [ p o l ( p ? * U 2 ) ] .  F o r E o  =  2 0 G e V
\ '  2po/  (n l  + Uzr .  $he momenta and mass are here in  uni ts  of  GeV).

2.  Let  the hadron carry away an appreciable f ract ion of  the lepton energy (ps = urG121,

l ,  l =  #  
= a , o  <  1 .

H e r e  q , , z m i n  =  ( V 2 ,  *  , z |  t l * l C t  =  l * l l l ,  W e  c a n l o t  e x p e c t  s c a l i n g ,  b u t  a s s u m i n g  F i ( o ,  v )  t o  b e
sma l l ,  r  i s  o f  t he  o rde r  o f  [ as / (n f  *  U ' r ] t n ( s /m l ) .  We  see  tha t  i n  sp i t e  o f  t he  unce r ta in t i es
of  F i (o-r ,  v) ,  we can state in  the case of  f i r r i te  l * l  .  f  and bounded p1 that  the process con-
s idered here predoninates appreciabty over  the process e*e-  *  h + X at  h igh energies.

Let  us t race the d is t r ibut ion of  po(doldp)  wi- th respect  to  x  (1 > x > 0) .  Near x  = 0,
the main contr ibut ion is  made by hadrons wi th pe << t6.  Wi th increasing x,  the inc lus ive cross
sect ion increases and reaches at  f in i te  x  < I  a  maximum, beyond which i t  drops to zero at  x  = 1.
The posi t ions of  these maxima cannot  be determined wi thout  knowing Fi ,  but  i t  can be seen that
they are pract ica l ly  independent  of  s .  The rat io  of  the heights of  these naxina to the height
of  the d is t r ibut ion at  x  = 0 is  of  the order  of  Gt fF;El ,  i .e . ,  i t  increases wi th energy
at  f ixed pr .

I t  would undoubtedly be of  i .n terest  to  observe th is  p ic ture,  which was qual i ta t ive ly  con-
s idered in [2]  for  an e+e- annih i la t ion process of  h igher  order  in  q in to two hadron beans v ia
v i r tual  photons eni t ted by the leptons,  and which is  qual i ta t i .ve ly  conf i rmed in the present
a r t i c l e .

We note in  conclus ion that ,  unl ike the inc lus ive cross sect ion considered here,  the cross
sect ion of  the process e*e-  *  y  + X wi thout  separat ion of  a hadron,  which is  equal  to

d o  d .  r s r
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offers no particular gain at Large s, provided that the cross section of e+e- -+ x does not de-
crease rapidly with s, which is not very Likely and contradicts the existing experinents.

l l l

l2l

V. N.  Baier ,  V.  Fadin,  and V.
of  Nuclear  Physics,  1972.
H. Cheng and T. T. Wu, Phys.

A. I(hoze, Proc. of Eigth Sunmer School, Leningrad Ingtitute

L e t t . 4 1 B , 3 7 5  ( 1 9 7 2 ) .

L 2 5


