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Q u a n t ~ i  cnrcm,odyna%ics is amexable to prec i se  experi- 

xen ta l  ve r i f i ca t ion .  This heppy s t a t e  cf a f f a i r s  occurs because 

t h e  theory i s  asymptoticallp f ree .  A t  hi@ energy W it is  

described by an e f f e c t i v e  rurning mufl ing  

~ ( c r . ) ~  ?, 1 znw i l l  

uhic5 vanishes a s  t he  energy increases .  Tlerefore ,  c e r t a i n  

s s i t a ~ i g  se lec ted ,  high-eneryy F r x e s s e s  can be computed 

asifig per turbat ive  methocis. The pow c lass-c  processes f o r  

such t e s t s  involve  Geep i n e l a s t i c  leptc-production off  

~ ~ c l e s r  t a rge t s .  L'nfortunately, only tS;e energy va r i a t ion  

cf t hese  c ros s  sec t ions  i s  predic;e& with 60 predic t ion  

jeir,? nac'e fcrr t he i r .  absolxte marjnitudes a& shp=s. 

S c e n t l y ,  hovever, a new nethob has see? 5evelopeit which 

s rovldes  a =ore c m p l e t e  descr ipr  im. This is the method o f  

a ~ ~ p t o t i c a l l y  f r ee  per turbat ion  --beery. A large impetus 

f o r  its develapnent cane from t h z  wrrk s f  Szerrnan and 
1 WsifiSerq . 

?.he bas i c  ideas  of the  ne-n =thod era a s  follows. Using 

the t o t a l  energy W t o  set the  lemrth sca l e ,  a p a r t i a l  

s of a dimensionless 

(2 1 

e sass sca l e  of t n e  runomaliza&ion paknt, gy 

L 

is the  value of t h e  renozmaliaed coupling a t  t h i s  renormaliza- , 
t i o n  point. and m Ps t h 3  (quark) mass t r ea t ed  a s  another 

P' 

coupling constant  m m a l i z e d  a t  u. The eymbol x s tands  f o r  

the remaining dimensionless var iables  sueh a s  s ca t t e r ing  

,angles .  The physically measar+le p a r t i a l  c ros s  sec t ion  

bo must be independent ad the value of t he  a r b i t r a r y  re- 

narmalization point  p. Eence w e  may take v = W, twrning 
2 2 g i n t o  t h e  running coupling G ~ w )  of the  m n o r m a l i ~ a t i o n  v m2 m t w ) Z  grmp. With t h i s  choice i s  replaced by - which, up 

Y k 
2 to logari-ic correc t ions ,  wanishes a s  Z/W a s  t h e  energy W 

becomes large.  Therefore. nsglecting tenas  which a r e  e s s e n t i a l l y  

of order l/W;t, we secure  rhe  high energy l i m i t  

1 
(31 A. = 2 ~~l.~(@f)', 0 ,  XI. 

* 
The existence of the l h L t  (3) requi res  t h a t  the p a r t i a l  

cross sec t ion  be f i n i t e  ir: a z b o r y  with massleas pa r t i c l e s .  

This w i l l  genera l ly  not  b e t h e  case. W e  must reatriet our 

wnsi-demations to  "proper prczcesses' which a r e  fme of 

in f r a red  mass divergences. ma his requi res  t h a t  the p a r t i a l  

-=ross section far a "propez process" must be insensitive to 

soft p a r t i c l e  production a-rd to t h e  c o l l h a r  tiranching of 

she'massless pa r t i c l e s .  The p a r t i a l  cmss aect ions  w i l l -  be 

devoid of g a s s . s i n g u l u f t i e s  if they r e f e r  only t o  inc lus ive  

energies  ca r r i ed  o f f  by the pa r t i c l e s .  Faerqy weighting 

removes bivergences which vould otherwise a r i s e  from s o f t  



?a r t : c l c .  proGiiccion a z l  t i le I n c l ~ s i v e  energy summation removes 

-+:c..-::al l ivcra : .2r .ces  froin tt.e s 2 l l i n e a r  b ranch ing  o f  t h e  

:..ass:e.:s ;:a:ticlc.s. 

5:nce che rc:.nir.g c o n p l i n g  :5(?;j2 var:isk.es a s  W--,  t h e  ' 

...,- L :  - : . c . - . ~ -  c r o s s  ~ f c t i c n  13) cai: be co:putcL by ? e r t u r b a t i o n  

-. r : .  Y.:~r;:s a:.< ~ l ~ i o n s  a r e ,  .>1' co 'crse ,  no.t bound i n t o  

. . . .  , r;.? ~zs. r - rvcr :  r:c;:::ons i n  ;c - r t~?Sa: ion t h e o r y .  .Hence we can 

- .  cai:..;iitc: ;i-rx~r's;ci.;el:l 3 r . l ~  i f  L.i r e f e r s  to a p a r t i a l  

- , - d s s  ,... s c c t i s n  f o r  c;tizri. an2 rjlus.1 prociuction and n o t  t o  th ,e  

. . .. ,..-,,,cr;on v - ,. . . of a  s p s c i f i c  t s d r o n .  l icvever ,  t . k r e  i s  good 

x - . . , . l r i .za l  . . . . . . . cvile: ,ce t o  sc 'ppszt t i w  a s s u z 2 t i o n  t h a t  t h e  . 

. . :,r.-,i.::=rr: q:;.&r%s and s ~ L ~ : . s  :rii(;;lo?nt ia;o h i l d r ~ n s  w i t h  

i i x i t e ?  crsns7:erse  -:Grncr,:a 
(PL 

< 0 . 3  CeV:l . Tiie obse rved  

. . -.. . .G- r r~ r . s  :;il: t t e r e f o r c ?  f o l l o w  c:t,.sely t o  t h e  d i r e c t i o n s  o f  

. . - _,,;lir - ;nre?c r,-.~ar% o r  'jlc0.1. ;.:.3::eo~er, =he ene rgy  f low i n  

;i.- ' ....-.-.. . . -..= caaLL . es  n . ~ c r o n s  wi l i  '02-csn r~or.e . c l o s e l y  cpprox ima te  t h e  

cF,t:C.- f iC:*. 0: 
I t h e i r  ;jar'er..: s i n c ~ ?  a  had.ron .produced a t  a  

:<ice  ar.7;e r e l a t i v e  t o  i t s  pare:l!: d . i r e c t i o n  1s s o f t  and 

.a.e i'- ,;.,ed - . l i t t l e  bx t h e  ene r2y .  

S i z c c  t;?e ">ro?e r  p r o c r s s e s "  canno t  . r e f e r  t o  s p e c i f i c ,  

i r .Li . ; l . ; s l , ;?a l rcr . s  t h e y  car,n.>t, :.n , p a r r i c u l a z ,  c o n t a i n  

: i a f ~ s r ~ c  i n  t h e  i n i c i a l  s ta- .e ;  w e . a r e  r e s t r i c t e d .  t o  . d i s c u s s  

+ -  . e  e  - ~ a l r o z i c  m a t t e r :  

- .- . ..,IS r e a c t i o n  i s  Besc r ibed  5jr a  I t i e r a rchy  2 '31,4 of  energy-  

. . . .  ..-. ;;,;c:.:ed c r c s s  s e c t i o n s .  f i x s t  member o f  t h i s  h i e r a r c h y  

i s . s i m p l y  t h e  o r d i n a r y  t o t a l  c r o s s  s e c t i o n  o .  The n e x t  

member i s  t h e  s ing le -ene rgy  c r o s s  s e c t i o n 2  dZ/dQ. I t  

d e s c r i b e s  t h e  "an tenna  p a t t e r n "  o f  t h e  r a d i a t e d  h a d r o n i c  

energy.  The s i n g l e - e n e r g y  c r o s s  s e c t i o n  cou ld  be d e t e r - i c e d ,  

f o r  example; by measurements w i t h  a  s m a l l  h a d r o n i c  c a l o r i -  

meter  p l aced  a t  v a r i o u s  a n g u l a r  p o s i t i o n s .  I f  t h e  c a l o r i -  

meser c o l l e c t s  an  ene rgy  AE i n  a  s o l i d  a n g l e  dC d u r l n g  a  t i n e  
, 

Ti  t h e n  d ~ / d R  = L E / ( w ~ T ~ Q ) ,  where & is t h e  l u ~ i n o s i t y  of t h e  

+ - 
e  e  c o l l i d i n g  Seams and W is t h e  t o t a l  energy 02 a  e-e- 

p a i r .  The s i n g l e - e n e r g y  c r o s s  s e c t i o n  obeys  a  sum r u l e  

r e f l e c t i n g  .energy c o n s e r v a t i o n ,  

The t h i r d  member of  t h e  h i e r a r c h y  i s  t h e  double-energy o r  

e n e r g y - c o r r e l a t i o n  c r o s s  d 2 ~ / d ? d l '  . I t  can be 

measured w i t h  two c a l o r i m e t e r s ,  one of  s o l i d  a n g l e  d:; i n  t h e  

d i r e c t i o n  r ,  t h e  o t h e r  o f  s o l i d  a n g l e  dn' i n  t h e  d i r e c t i o n  

. The two c a l o r i m e t e r s  measure t h e  e n e r g i e s  dE and d,!Z' 

which a r e  c a r r i e d  by t h e  hadrons  i n t o  t h e s e  solid a n g l e s  

d u r i n g  a  s i n g l e  ,event .  The p roduc t  o f  t h e  two e n e r g i e s ,  

( d ~ d ~ ' ) ,  is t h e n  summed f o r  many s i m i l a r  e v e n t s  w i t h  t h e  sun 

d i v i d e d  by tfie i n t e g r a t e d  l u m i n o s i t y % ~ ,  t i m e s  t h e  squa red  

ene rgy  o f  e a c h  c o l l i s i o n  w2 and t h e  s o l i d  a n g l g  p r o d u c t  

dridn'. T h i s  p rocedure  d e f i n e s  d2z/dndn '  = ,Zeven f s  (dEdE ) /  

z ~ w ~ d n d n ' .  Again we have a sum r u l e  r e f l e c t i n g  ene rgy  

c o n s e r v a t i o n ,  



Let  1;s f i r s t  c o n s i d e r  t h e  c :haracter  of  t h e  s i n g l e -  

ezer5;.  c r o s s  s e c t i c n  d ; / ~ < .  , tk'e h a c r o n i c  "an t snna  p a t t e r n " .  

r . 5 ~  ~ ~ - c . ~ e c r : ;  :ST tr.? ~ . 2 a s : ~ z f : n e ~ . :  ~f t h i s  c r o s s  s e c t i o n  i s  

i l l t e  a  7 .  1. T:le cr3: ;s  s ec tLor .  has  been c a l -  

c:iatezi2 to o r e e r  ?j(i.i-! 2 .  T h i s  i n v ~ l v e s  computing t h e  ampl i -  

tl;:!es c s r r e s?o r .d ing  t o ' i h e  Fey:;:nar; q raphs  skown i n  P i g .  2. , 

;,ltr.~.~.;:? i:.r?ividsai ar.:.2lituBes ::ave mass s i n g u l a r i t i e s ,  t h e  

scz, of i e r z s  u;?ich c o n s t i t u t e  t x e  c r o s s  s e c t i o n  is F i n i t e .  

The Z i scdss io r ,  i s  s i ~ ~ l i f i c e  by c o n s i d e r i n g  t h e  c a s e  where 

+: i - 
.-.Ls e  2 hear,% a r e  'perfect1.y ~ o l a r i z e d  a l o n g  t h e  magne t i c  , 

f i c 1 5  i r e c : i o n .  i:, t h i s  c a s e  iie have  

. .\;.ere .- 2.z 1/137 i s  t h e  f i i l e  s t r c c t u r e  c w ~ s t a n t ,  Qf i,s t h e  

f r a c t i o n a l  c h a r g e  o f  a  ~ o : r k  of f l ~ v c r  f ( w i t h  t h e - f a c g o r  3 
, . 

occour . t ing f0.r t h e  t h r e e  qua rk  c o I o r s ) ,  and $J is  t h e  a n g l e  . . 

hsz,.<ec.z t;?e e e t e c t i o a  sr.2 ~nag:~c:tic f  i e l &  d i r e c t i o n s  a s  shown 

i . 1. A t  h igh  e:.sr:;y c t e  r ,cnning c c u p l i n g  i s  . . . g iven  by 

% k s r e  ::, is t h e  r.uir>er ck 5ua.z;; f l a v o r s  and :t = 0.5 Geir z s  

t h e  s c a l e  mass determineC f r i m . d e e p  i n e l a s t i c  l e p t o -  

p r o d u c t i o n  d a t a .  Phe anc:ulzz d i s t r i b u t i o n  g i v e n  by 

Eqs. ( 6 )  and (71 i~ p l o t t e d  i n  Fig .  3 f o r  Nf = 4 .  At 

2 i n f i n i t e  ene rgy  t h e r e  i s  a  p o r e  s i n  JI d i s t r i b u t i o n .  AS t h e  

ene rgy  i s  lowered,  t h e  two v a l l e y s  i n  t h i s  d i s t r i b u t i o n  

a r e  f i l l e d ' .  

The f ragmer . ta t ion of t h e  q u a r k s  and g luons  i n t o  t h e  

obse rved  hadrons  g i - ~ e s  a  s m a l l  e f f e c t  which can be  t r e a t e d  

as a  c o r r e c t i o n  t o  t h e  b a s i c  quark-anti-qu.irk p r o d u c t i o n  

[ t h e  c r o s s  s e c t i o n  o f  Eq. (6 :  w i t h  < ( w ) ~  = 01. We a s s u a e  

t h a t  t h e  p a r e n t  quaok o r  ant:-quark y i e l d s  a number dn 

3 o f  obse rved  hadrons  . in  t h e  Tomenturn i n t e , r v a l  (d  p) g i v e n  

I by t h e  s c a l i n g  C i s t r i b u t i o n  

irhere p  anC pL . a r e  t h e  mmmtum componer..ts t h a t  a r e  r ecpec t i . ve ly  
I I  

p a r a l l e l  and p e r p e n 2 i c u l a r  t o  momentum of t h e  p a r e n t .  The 

r e s u l t  .of t h i s  f r a g n e n t a t i o a  c o r r e c t i o n  i s  s h p l y  t o  r e s l a c e  

2 .  + -c<;:;> the c o e f f i c i e n t  o f  I 3 c o s  w-11 i n  Eq. ( 6 )  by 
4 r -G- , 

v h e r e  C = 2..5 is tk c o e f f i c i e n t  of  t h e  l o g a r i t h m i c  r i s e  o f  

t h e  t o t a l  ha,dronic n u l t i p l i c i t y  i n  e'+e- c o l l i s i o n s  and 

'cpL> f 3.5 6eV is t ~ e  ave rage  t r a n s v e r s e  monentum of  a produced 

i a d r o n .  [It s h a u l d  be  n o t e d . t h a t ,  i n  g e n e r a l ,  t h e  l e a d i n g  

f r a g m e n t a t i o n  c o r r e z t i o n s .  t o  members o f  t h e  ene rgy  c r o s s  

, s e c t i o n  h i e r a r c h y  c i n  b e  t r .ee ted  i n  such a s i m p l e ,  a n a l y t i c  



r .  Wa see thai altho~.qh the fragmentation process 
again involves the graphs of Fig. 2, and the analytic 

2 1  z 5  8:*:-;:~rs c?..c? cr.?r.;y ?a",::r'r,, f iii.ing in its ~inima, the 

. - . < . . - :..: ..,.. enzation c~rrectim var.i.shes as 1/W as the energy 

i s  It vanishes nilch nlcre rapidly thar- does the 

-. . , - * . . -'.,.- : - . - . . 
;...-.,--.-- > c  CCS efiecz :.:liic:h behaves as l/Lnr?. Figure 4 

.. . ~ : r ; > ~ a y i  c?,c 5122 3: iii: frit!;r,;lh?iacion corrections at 

. . ;. = i O  G e V  ,325 >: = 3 3  C r V .  
. . 

i.: >; = 30 G e V  the fro%:~c?ntation corrPctions are quite 

---; : in coaporiscn to  ti,^: OCD c-ffect. ilowever, as is 

. . _ - . - . , . r . L ~  ::?a ?i~. 3, cB-2 C!C:) effect is itself small at 

- - . . .. - ,:.._.-.; er.or<;ies.. :.:e ac~c5 ; iri?st of QC3 wtich is not such 

. . 
a saa~: effect ~n a iarge 'r;~c:'iqround. 3tis leads us to 

--.- --.s=l-lcr -. the er,er.;:; co:re;.z.:.ion crois d2~/didg'. 

-'- - ... c qe~.;etry of t ! ~ e  c;:;criz~?r.t;il arr~ngezent is shown in 

- .  - . ,?. 3 .  Si;.ce the fix; I;n~:_cor.: c systen is Groduced by an 

. ire---- ,t L,... diate, virt~ai .p:lo::o:~ o: spin orie, the. ang'ular de- 

. . 
;~r;dc;z:e ~ i t a  rrs2ect ro t5.e be;..% and magnetic field axes 

+ - 
iz sf 3 chorac:eristic fcrm. Fcrt h!ie ca-S'e bf pertecf e e. 

... 
+ B ~ ~ ~ ~ C O S X  - (:~s~;cos~>": + c ( x ) ~  , 

. *:.-re, .- a s  s5c:i;l ia Tiq. 5 ,  x ir; the angle be.:weer. th'e two 

tsii~~c:s ar.8 ;.;; are chair po:,ar angles with respect to 
. . . , 

tte zaqnetic fie16 Cirection. 

The calculation 2f this craJss section to order BfN) 2 

results are presented in references 3 , 4 .  Here we shall 

simply note that the coefficient C(X) vanishes and display 

the coefficients A(x) and B ( x )  in Figs. 6 and 8. Away from 
, .,: 

x = 0. n;  these coefficients are 0.f order giw) 2 ,  and. the CCD 

effect is not a small effect on a large background. Figures 

6a, b show both the quark fragmentation and the QCD contri- 

butions to A(x) at W = 10 GeV and W = 30 GeV. We see t ~ a t  

at W =  30 GeV the quark- fragmentation correction is small 

over a large angular range. The leading, order 1/W 

fragmentation- correction to A(x1 is symmetrical about 

x = 9$. H6nce the fragmentation correction to th(? 

d.if f erence 

2 is sma.11; of.order l./W . This difference, which varies 

over several decades, is plotted in Fig. 7. ~ h &  coefficient 

B(x) has no leading order (1/W) fragmentatio~l correction. 

This coefficient is shown in-Fig. 8. 

We have found that by using the method of asym.i;totically 

free perturbation theory we have been able to make pre- 

dictions for the theory of quantum- chromodynamics with 

essentially no free parameters, predictions which should be 

accessible to experiments-1 test.. Since absolute magnitudes, 

shapes, and ene=gy variations of several angular distribu- 
. - 

tions are predicted by the theory, their experimental 



c o n f i r n a t i o n  woula be  s igr . i : l icant .  I t  is:, of  c o u r s e ,  

e x r r e - e l y  d i f f i c u l t  t o  a r r i v e  a t  a  comple te ly  o b j e c t i v e  

37.2 ? r e c i s e  f i ~ u r e  o  par;.? f o r , a  t e s t  of a  t n e o r y .  An 

i r .c i ica t ion of t n e  s e n s i t i v i t : ~  c f  t h e  e n e r g y - c o r r e l a t i o n  

c r o s s  s e c t i o n  can be obt.iinc!cf ty c a l c u l a t i n g  it w i t h  m a s s l e s s  

~ ; : x ~ z s  tha: have spit 0 r a t t l e r  t h a n  s p i n  .I. T h i s  h a s  j een  

6 ~ ~ 2  recc7t:ly ( i n  f a c t  a f t e r  t h i s  l e c t u r e  was i n i t i a l l y  

~ ; r r . s an tc ; - )  57 Dashan an2 Love5. Using a . = o u p l i n g  gc;r {. q  a  a  

r a t h e r  t h a n  ~ ~ X ) ~ . i " i .  h. - c j ,  t:hey firid. t h a t  w i t h  g = G(w] 
a  r a  . . 

t h n  ccc f  f i c i c a t s  i r ich  s c a l e r  g l u o n s ,  h(scaiar)  ( x ) ,  i s c a l z r )  ( x )  r 

j.-e r C . . - ~  - , . , ~ y  - a:: o r 2 e r d  c.agnit:ude s n a l l e r  t-ian- t h e  QCG 

c c e f f i c i e n t s  A (Qcc)  ( x i  3r .E  i i ' 2CL)  ::<) p l o t z e d  i n  F i g s .  6 acd 

. Th,2 .sk,a,se of.  h i s c e l a r )  (..., , i- ucjhly s i m i l a r  t o  t h a t  o f  

( : )  b u t ,  a s  d i s p l a y e d  i.n F ig .  (9) , t i re  shape  of 

- ; s c a i a r )  
5 ( 2 ;  i s  v e r y  ciif:erc!nt f r o n  t h a t  of B ' ~ ~ ~ )  ( X I .  

Le t  u s  c a n c l c c a  .iic>. a  re-ark  o f  puze ly  t h e o r e t i c d  

i n t e r e s t . '  I n  i;'ertu.rb:kicz 1:hec,ry, t h e  e n e r s y  c o r r e l a t i o n  

c r o s s  s e c t i o n  b e c s e s  s i n q u 1 . a ~  f o r  a n t i - c o l l i n e a r  d e t e c t o r s  

(:,;-zj . I n  t h i s  rec j ion,  t:he leac5ing b e h a v i o r  o f  t h e  

c r o s s  s e c c i o z  i s  g i v e n  by 

- .i. 6 - 
*..ere -2 i s  t h e  s i n g i e  ene rgy  c r o s s  s e c t i c n  g i v e n  i n  Eq. ( 6 )  d  :. 

,. 

l w ~ t h  cj2 = 131, , a n d  ..: s t a n 9 s  f o r  h i g h e r  o r d e r  t e r n s  i n  

. The 6  ( ! l f R ' )  t e rm co r re s?onds  t o  t h e  z e r o t h  o r d e r  pro-  . 
d ~ c t i o n  of  a  qua rk  and a n  a n t i - q u a r k  which emerge back- to-  

back. T h i s  term is modif ' iee by ( i n f r a r e d  mass) d i v e r g e n t  

v e r t e x  c o r r e c t i o n s .  W i t L  t t . e  i n t r o d u c t i o n  of  p r o p e r  

r e c u l a t o r s ,  t h e s e  d l v e r g ~ n c ~ ;  c a n c e l  a g a i n s t  d i v e r g e n c e s  

prcduccd i n  t h e  remeining tezms when t h e  c r o s s  sec tLon  is  

i n t e q r i t e d  o v e r  a  s m a l l  p a t c h  of  s o l i d  a n g l e  c o v e r i n g  

x = n. Cornwal l  an= ~ i k t a p m l o s ~  have proven ( t o  s i x t h  

o r e e r )  t h a t  t h e  v e r t e x  m a d i f ~ c a t i o n  e x p o n e n t i a t e s  a s  i n d i c a t e <  

i n  EF. ( 1 1 ) .  m e  o ~ d e r  g2 a n g u l a r  t e r m  p r e v i o u s l y  c a l ~ u l a t e d ~ ' ~  

h a s  ke rn  r e c e n t l y  a q m e n t e d  by a  c a l c i l l a t i o n 7  of  t h e  1eadir;g 
. . 

. t e rms  in orl;er g 4  a s  shown i n  Eq. (11). Let  us :  supppse  . 

t h a t  the v e r t e x  m o d i f i c a t i o n s  do  indeed ~ x p o n e n t i a t e ,  

m o l t i p l y i n g  ~ ( R + R ' )  b y  e-n ar.d damping i t  o u t  en t i r e l ; . .  And 

l e t  u s  f u r t h e r  suppcse  t h s t  t h e  remaining t e rms  a l s o  

s x p n e n t i a t e ,  g i v i n g  n e a r  thc. a n t i - c o l l i n e a r  o r i e n t a t i o n  

Ncte t h a t  Eq. (12)  g i v e s  a  s h a r p  peak n e a r  x = n .  K i t h  g 2 

r e g l a c e d  by t h e  rurming c o u p l i n g  g ( w 1 2 ,  t h i s  peak d e c r e a s e s  

i n  widbth, i n c r e a s e s  i n  heigt..t, and moves toward x = a a s  t h e  

e n e r g y  i n c r e a s e s .  



-1.2- 

I: i s  i r . t~ . r , . i t$ : , ;  :?;.it th:.:; c:r.ject\?red :om d o e s ,  ir. 

~ ~ ~ = , s ~ t i c f : ; .  a yc:. :-;I<: 7,:;;:~:-.. ;;.:st o5cye5 by' t h e  t r u e  

. . ; , ,. . , -  ,r.c >;<_a r c y ~  2 : ; 3 2 ~  ilc :011~j~s; IE rre 

in=ec;z2te  d 2 r . / c : . 6 : . '  c;.-:i.r a sza l? .  ~ ; c c h  of  s o l i d  a n g l e  

co...crincj = : :.,r. g e t  a. ,,le;i-2e:;nc2 o r d i n a r y  f u n c t i o n  which 

. . - - -  2' -,.. 6;; .;e,,elopec: i n  5. ~ert:..:ba:ior. s e r i e s  i;: g. . 
. >;co:.?ifi.;;y, i n  v i ew o i  t k c  sux r 2 l e  ( 5 1 ,  we g e t  

. .  . ,;: . .:> - ,. - L - . .. . . - . . , . ,.,..,. -,..,,or. a r  ;; --: j 5 t . c : ~ : ; : ; ~  :he c 'e t r .c tors  a r e  
. , 

":;-ass?arar.t" nr.i ;-.-I le t :ec= t.i,e s a z e  p a r c e l  o f  energy.  L 

..-:- ,,-..,- Lq. : > 2 ;  :.re se? tP.e: Ec,. ( 1 3 )  is  i n l t x e .  s n t i s f i ? e . .  

. .:- f i n 5  :ha= t h e  n c ~ s r i c r i :  c o c i f i c P e r . t s  o f  t h e  o r d e r  g 
4 

ar.2 o r l e r  cj2 t e x s  ir Eq. (Ti) a t e  r e l a t e 8  s'o a s  to .  produce 
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mzgnetic f i e l d  d i r e c t i o n  ( t h e  p o l a r i z a t i o n  d i r e c t i o n )  

;is. 1. Geozetr:/ f c s  t h e  ensrqg p a t t e r n  exper lnen t ;  

i 2 .  Zeroth,  f i r s : ,  ;nC sec~;tld o rder  Feynman graphs f o r ,  

e 1 e c t r o . l - ~ o s i r r c ?  a n n i i i ~ l a t i o n .  
+ - - 

( a )  ;c.t;eac-ordcr srapi: for s e -+-f-qcj. 

(5) ilerte:i  =ocif:c;ti~:rl. 

( c )  S e l f  ener;y i n s e r t i o n s .  

( l  i Lowr.sc-orkcr 7 1 b o ~ ~  e n i s s i o n  qra[,ks. 

- .  . . 
:LC. 3 .  ' j C b  s rcz ;c t io r , s  Zor ti:,: norz!aiizc-l sr.tenns p a t t e r n s  

1 ::. . - -- i e r r c s ; j n ~ l i z . ;  tz ;:erfoc;ly polar ized.  e l e c t r s n  
5 <: 

ar.J r;ssitrc;n bear.3 with var ious  t o t a l  e n e r g i e s  W.  

i ~ : , ?  d8shi.l c'>rtic corrc.sponcis t o  1'=5 GBV, t h e  

s k 3 r r  2 z s 5 e s . ~ o  re-~=33 Gc-1,  2 z C  the  s o l i d  curve i s  

- . - .  
;or i z r ; r ~ i t e  5. -\il a n i t  s e c t o r s  and angles  r e f e r  

. . i c: ..,.:+L-.. - - - . . ,-,. ~ r f e z t i ; .  ; j .>iarized e iec t ron-pos i t ron '  
.. .. .. 
~ c z - . s  o: to;al e r ~ c r s y  t n) 10 G ~ V .  (b) 3 0  GeV- 

-: .._ . 5. C ~ s z z t r y  f o r  t h e  er.e:g;.-encrsy c r c s s  s e c t i o n  experiment. 

-.- i.,e ci;c Ce=er:o:s ;re =tctio..1-ed ir- 2 i r e c c i o n s  r and 

Fig.  6, The QCD a d  quark fragmentat ion ( q f )  c o n t r i b u t i o n s  

t o  t h e  A ~ e f f i c i e 3 t  i n  Eq. ( 9 )  a r e  p l o t t e d  a s  a  

func t i sn-  ah x f o r  'a ta l  energy H of ( a )  10 GeV and 

( b )  30 GeV. Nosicr t h a t  t h e  (qf) c o n t r i -  

but ion;  i s  symnetr ic  about x = 90" while  t h e  QCD 

behzvior i s .  q u i t e  asymmetric. 

Fig.  7 The d i f f e r e n c e  O(QCD' defined by Eq. (10)  a s  a  func t ion  

of x f o r  W=10 GeV. The p l o t  f o r  w=30 GeV i s  o b t a i n e j  

by s c a l i n g  t h e  curve displayed by t h e  f a c t o r  

~ ( 3 ~ 2 , ' ~ ( 1 ~ :  * = .0.53.. 

Fig. 8. The = o e f f l c i e n t  of Eq. ( 9 )  a s  a  func t ion  cf 

x f o r  -10 GeV. Tke p l o t  f o r  W=30 GeV is obtalne5.b; 

sca l in ;  the  cdrve dlsplayed by t h e  f a c t o r  

- 2 g (30r  / G ( ~ c ) ~  = 0.Z. .  

Fig.  9.  The QCZ anC s c a l a r  theory  r e s u l t s  f o r  t h e  a c o e f f i -  

c ienz  ? l o t t e d  a s  a f u n c t i o n  of 2 f o r  W = 10 GeV. 

* ... - ,l,h r e l a t i v e  ang;~.  r. These Cetec tor  d i r e c t i o n s  

a r e  res2ective:y a t  anq les  I$ an8 $ '  r e l a t i v e  t o  t h e  
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