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* + _ 

Reconst ruc t ion  of  charged D ' s  produced inclusively in e e annhilations a t  

* +  + 
c.m.  energies near 3N.ü GeV i s  accomplished in the decay modes D + D°n + 

0 0 
K-u+n n+ and D * +  + D n +  + K_n+n_n+u+  and their charge conjugates. Using 

these and previously reported D“+ + D°u+ + K_n+n+ and D * +  + D°n+ + K _ n + w + +  

miss ing n° channels  we present evidence for hard gluon bremsstrahlung from 

charm quarks and show that the ratio of the quark—gluon coupling constant of  

charm quarks  t o  t h e  coup l i ng  cons tan t  ob ta i ned  i n  the ave rage  hadronic 

event,  uä /os  = 1 . 0 0  1 0.20 1 0 . 2 0 .  Our result prov ides evidence that the 

quark—gluon coupling constant i s  independent o f  f lavor. 
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One of the profound consequences of the gauge theory of s t rong i n t e r a c t i o n s  

i s  t he  u n i v e r s a l i t y  o f  t h e  q u a r k - g l u o n  c o u p l i n g  c o n s t a n t ,  i . e .  tha t  the 

quark-gluon coupling i s  independent of the f l avor  o f  t h e  q u a r k  [ 1 ] .  I t  i s  

the purpose of t h i s  paper t o  present a t e s t  of t h i s  un ive r sa l i t y  by  studying 

gluon emission i n  e+e_  annih i la t ion  events  o r i g i n a t i n g  f r o m  q u a r k s  o f  known 

f l a v o r .  F lavor  tagging i s  achieved by se lec t ing  e v e n t s  where a D”1 with a 

high x = ED* / Ebeam is  reconstructed. We iden t i fy  t h e s e  e v e n t s  a s  h a v i n g  

o r i g i n a t e d  from a 03 pair .  These flavor-tagged events  show evidence o f  the 

presence of hard gluon bremsstrahlung and  are used t o  determine the  coupl ing  

cons tan t  « ;  between charm quarks  and gluons.  T h i s  i s  t o  be contrasted with 

previous determinat ions of t he  quark-gluon coupl ing constant « s f r o m  t h r e e —  

J e t  e v e n t s ,  i . e .  e + e _  + q € g ‚  w h e r e  f l a v o r  i n d e p e n d e n c e  has been assumed 

[ 2 ] .  The r a t i o  z i i / u =  i s  p r e s e n t e d  a s  a s e n s i t i v e  m e a s u r e  o f  t h i s  

u n i v e r s a l i t y  s i n c e  many of the systematic e r r o r s  c a m e l .  I n  the  course of 

t h i s  analysis we also obtain an upper l im i t  on D°—D° mix ing .  

* 
Several experiments [3] .  including ourselves [M] have detected D production 

* _ _ 
a t  high energies v i a  the  decay chain D + + D°1r+ and subsequently D°  + !( 1r+ t r  

o r  D o  -> K_1r+ + m i s s i n g  11° (charge con;lugate modes a r e  omi t t ed  f o r  brevi ty ;  

" t r  denotes the p icn  emi t t ed  i n  the D*-D t r a n s i t i o n ) .  I n  o r d e r  t o  i n c r e a s e  

t h e  d a t a  s a m p l e  f o r  the purpose of the present  t e s t .  we  e x t r a c t  add i t iona l  

D '  s i g n a l s  u s i n g  t h e  d e c a y  m o d e s  D o  -> K_1r+1ro  (11° i d e n t i f i e d )  a n d  

0 D -> K _ 1 r + n _ n + .  A l l  f o u r  samples  are c o m b i n e d  t o  m e a s u r e  t h e  s t r o n g  

quark-gluon coupling constant "; of charm qua rks .  

O u r  d a t a  s a m p l e  c o n s i s t s  o f  2 2 3 5 6  h a d r o n i c  e v e n t s  p r o d u c e d  a t  the DES! 

s torage r i n g  PETRA and observed wi th  the TASSO d e t e c t o r .  T h e  c r i t e r i a  f o r  

- 3 -  

the  s e l e c t i o n  o f  h a d r o n i c  events  a r e  as desc r ibed  i n  R e f .  5 .  The center  of 

mass energy W. ranges between 30 .0  and 36 .7  GeV, the mean being 311.11 GeV. 

Cha rged  t r acks  are reconstructed wi th  a momentum resolution given by Ap/p = 

0.010/379'Tf)? ( p  i n  G e V / c )  a s  d e t e r m i n e d  f r o m  11 pa i r s  when  t h e  been! 

c r o s s i n g  p o i n t  i s  u s e d  i n  t h e  t r a c k  f i t  [ H ] .  Photons from the decay of 

neutra l  plans a re  d e t e c t e d  i n  e i g h t  l i q u i d  a rgon  shower c o u n t e r s  w i t h  a n  

e n e r g y  r e s o l u t i o n  ABI/E = 0 . 1 3 6 / J E  + 0 . 0 3 1  ( E  i n  GeV) [ 6 ] .  Neutral  picn 

candidates are f o r m e d  f rom pa i r s  of photons ,  each h a v i n g  a n  e n e r g y  g r e a t e r  

than  0 . 1 5 0  GeV. Pairs  wi th  a n  invariant mass between 0 .07  and 0 . 2 0  GeV are  

constrained t o  the 17° m a s s ,  a n d  t h o s e  p a i r s  w h i c h  h a v e  a x 2  p r o b a b i l i t y  

g r e a t e r  than  0 . 2  a r e  c o n s i d e r e d  as cand ida te  1r°'s. Additionally, single 

showers with energies greater than 11.0 GeV are treated as unresolved 1r°'s. 

— + 
For  r e c o n s t r u c t i o n  o f  the  00 + K 11 «° mode an event i s  s p l i t  i n t o  two J e t s  

(hemisphe re s )  w i t h  r e s p e c t  t o  the s p h e r i o i t y  ex i s  as d e t e r m i n e d  b y  c h a r g e d  

t r a c k s .  D " s  a r e  r e c o n s t r u c t e d  from combinations of part icles w i t h i n  the 

same hemisphere.  and a min imum momentum of 0 . 3  G e V / c  i s  r e q u i r e d  f o r  b o t h  

c h a r g e d  t r a c k s  a n d  1 r ° ' s .  O p p o s i t e l y  charged t racks  are paired.  and each 

pa r t i c l e  i n  t u r n  i s  considered as a kaon and a p i c n .  T h e  l a b  f r a m e  ang l e  

between the  momentum of the K _  ( « + ,  1r°) and that of the D° i s  required to b e  

less than 2 6 . H °  ( H 2 . ü ° ,  115.00). These c u t s  a re  s a t i s f i e d  by = 9 8 $  o f  a l l  

d e c a y s  of  p“+ + D°“+t r  + K—1r+1r°1r+tr where x(D*) > 0 . 6 .  For each Kn1r+ 

combination. t h e  17° t h a t  would g i v e  the t r i p l e t  an  invar ian t  mass c losest  t o  

the  00 mass  of 1 . 8 6 5  GeV i s  s e l e c t e d .  A two constraint kinemat ic  f i t  i s  

performed t o  the hypothesis that the  two charged t racks  and the  t w o  p h o t o n s  

r e s u l t  f r o m  a D0 decaying i n  t h i s  mode ( f o r  D ° ' s  w i th  unresolved 1° ' s  a one 
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c o n s t r a i n t  f i t  i s  u s e d ) ,  a n d  a c u t  o f  18 .11  ( 1 5 . 1  f o r  D ° ' s  w i t h  

u n r e s o l v e d  1 ° ' s )  i s  made  on  t h e  112 g i v e n  by  t h i s  f i t .  The da ta  indicate 

t h a t  a s i zeab le  background e x i s t s  i n  events where  i n  the  D°  r e s t  sys tem.  the 

kaon  goes  b a c k w a r d  w i t h  r e s p e c t  t o  t h e  D ° ‘ s  l a b  f r a m e  m o m e n t u m  vec tor .  

T h e r e f o r e ,  a maximum of 12110 i s  a l l o w e d  f o r  t h i s  a n g l e .  T h e  c o n s t r a i n e d  

D ° ' s  a r e  p a i r e d  w i t h  r e m a i n i n g  c h a r g e d  t r a c k s  t o  f o r m  D* cand ida tes .  Dil 

candidates wi th  x > 0 . 6  are  considered. The D*-D° i nva r i an t  mass di f fe rence  

i s  a particularly sensi t ive  i n d i e a t o r  of a charm s i g n a l  because of the low 0 

0 +  * 
value of the D + + D 1r r decay. An enhancement near t h e  expected v a l u e  o f  

1: 

0 . 1 5 5  Ge1l i s  s e e n  ( F i g .  1 a ) .  and  the w i d t h  of the peak i s  consistent with 

our resolution. The enhancement i s  a lso  s e e n  i n  t h e  u n c o n s t r a i n e d  mass  

d i f f e r e n c e  d i s t r i b u t i o n .  I f  t h e  s a m e  a n a l y s i s  i s  c a r r i e d  out  on K_1|+1r° 

combinations wi th  invariant masses i n  the "con t ro l  r e g i o n "  b e t w e e n  2 . 1  a n d  

2 . 5  G e V  ( i n  t h i s  r e g i o n  t h e  pseuc:lo-D° i s  u n c o n s t r a i n e d )  a f l a t  mass  

difference dis tr ibut ion results. The 20 events  having 22 combina t ions  w i t h  

a m a s s  d i f f e r e n c e  below 0 . 1 5 0  GeV a re  t aken  as  the  D* cand ida te s ,  and there  

i s  an estimated background of 3 e v e n t s  i n  t h i s  s a m p l e .  A s i g n a l  o f  t h i s  

s i z e  i s  c o n s i s t e n t  w i t h  what i s  expected  g i v e n  t h e  number  of observed D”+  + 

D°1l+tr -> K_lr+1r+tr events and u s i n g  o u r  r e c o n s t r u c t i o n  e f f i c i e n c y  a n d  t h e  

published branching rat ios [ 7 ] .  

->K_+_++ r i t h t  „_ 1 r m 1 r ‘ n t r  e q u  r e s  a 
* 

t h e  decay  p a r t i c l e s  o f  t h e  D b e  comple te ly  c o n t a i n e d  w i t h i n  a hemisphere 

_ * +  o + 
The method used f o r  reconst ruct ing D + D 1r 

d e f i n e d  b y  t h e  s p h e r i c i t y  a x i s  o f  t h e  e v e n t .  A l l  c h a r g e d  t r a c k s  a r e  

considered as both  pions and kaons .  Two of the oppos i t e ly  charged p ions  are 

requi red  to  have an invariant  mass of 0.770 1 0 . 1 5 0  GeV, i . e .  c l o s e  t o  t h e  

mass  o f  t h e  p ° .  T h i s  i s  m o t i v a t e d  by  the  r e s u l t  of R e f .  8 that  t h i s  decay 

_ 5 ' .  

proceeds mostly v i a  D0 + K_po1r+. I n  order  t o  enhance the number of D ° ' s  

r e l a t i v e  t o  t h e  c o m b i n a t o r i a l  background a se t  o f  k inema t i c  c u t s  i s  placed 

on  the  momenta of the Do decay p r o d u c t s  and t h e i r  ang les  r e l a t i v e  t o  t h e  

o r i g i n a l  D °  d i r e c t i o n .  The  K_ ( p o ,  1r+, more  energe t i c  17 from the p ° ‚  l e s s  

energe t i c  11 f r o m  the  p ° )  i s  r e q u i r e d  t o  have a m o m e n t u m  g r e a t e r  t h a n  1 . "  

( 2 . 5 ,  0 . 2 .  1 . 3 ,  0 . 2 )  GeV/c and a maximum laboratory frame angle of 18°  (10° .  

2 5 ° ,  1 8 ° ,  35°)  w i t h  r espec t  t o  t he  D° d i rect ion.  These c u t s  a r e  s a t i s f i e d  

by =751 of all decays of D“ -> n°„*„ -> K_po1r+fl+tr + K_1r+1r_vr+1r+tr where 
x(D*') > 0 . 5 .  We take a s  D°  cand ida te s  those f o u r  p a r t i c l e  c o m b i n a t i o n s  

w h i c h  h a v e  i n v a r i a n t  masses  b e t w e e n ' 1 . 7 8  a n d  1 . 9 H  GeV. T h e i r  mass  i s  

kinematical ly constrained t o  1 .865  GeV. the mass of the Do.  The r e m a i n i n g  

part ic les  i n  the  J e t  w i t h  momenta g rea t e r  than 0 . H 5 0  GeV/c  a r e  cons idered  as 

“ t r  c a n d i d a t e s .  The  D o “ + t r  system i s  required to have x > 0 , 5 .  O f t e n  m o r e  

than one combina t ion  pass ing the D° cuts  i s  p resent  i n  a j e t .  Th is  can come 

a b o u t  e i t h e r  t h r o u g h  t h e  a s s i g n m e n t  o f  t h e  k a o n  i d e n t i t y  t o  d i f f e r e n t  

m e m b e r s  o f  t h e  s a m e  s e t  o f  f o u r  p a r t i c l e s  or by the inclus ion of a t  least  

one d i f f e r e n t  t r a c k .  S ince  the correct  combination i s  n o t  known a p r i o r i ,  

a l l  t h e  D°  c a n d i d a t e s  a s s o c i a t e d  w i t h  a p a r t i c u l a r  t r a n s i t i o n  pion are 

weigh ted  a c c o r d i n g  t o  t h e i r  mass  r e so lu t i on  f u n c t i o n .  A G a u s s i a n  w i t h  0 - 

0.055  GeV as determined by a Monte Carlo i s  used. The weights of a l l  the D° 

c a n d i d a t e s  t h a t  a r e  a s s o c i a t e d  w i t h  a p a r t i c u l a r  t r a n s i t i o n  p i o n  a r e  

n o r m a l i z e d  s o  t h a t  t h e i r  s u m  e q u a l s  o n e .  T h e  r e s u l t i n g  D * - D °  m a s s  

d i f f e r e n c e  d i s t r i b u t i o n  i s  s h o w n  i n  F i g .  1 b .  T h e  e n h a n c e m e n t  n e a r  t h e  

e x p e c t e d  m a s s  d i f f e r e n c e  o f  0 . 1 " 5  GeV i n d i c a t e s  a c h a r m  s i g n a l .  T h e  

corresponding d i s t r i b u t i o n s  f r o m  the 00 s i d e b a n d  r e g i o n s  o f  1 . 1 1  - 1 . 7  GeV 

a n d  2 . 1  - 2 . 5  Geil show no such enhancement. I n  pr inciple  multiple counting 

could occur  i f  o n e  o r  m o r e  D o  c a n d i d a t e s  i n  a s i n g l e  J e t  p a i r  o f f  w i t h  
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different t r a n s i t i o n  p i o n s .  This happens i n  only one event i n  the s ignal  

r e g i o n  d e f i n e d  b y  a mass d i f f e r e n c e  b e t w e e n  0 . 1 H 1  a n d  0 . 1 5 0  Geil. T h e  

w e i g h t e d  number  of D* candidates i n  the signal region i s  3 2 . 8 ,  coming  f rom 

35 d i f f e ren t  events.  The est imated background i s  1 1  e v e n t s .  A s i g n a l  o f  

t h i s  s i z e  i s  cons i s t en t  wi th  what i s  expected g iven  the number of observed 

*+ + - 
D + D°1r t r  + K "+"+tr  events  and  u s i n g  our r e c o n s t r u c t i o n  e f f i c i e n c y  a n d  

the published branching ratios [7] .  

— + + 
t r ‘ K fi 1 r t r  and 

t r  (1r° u n d e t e c t e d )  a r e  shown i n  F i g s .  1 c  and l d  

& & 
Our previously reported D signals i n  the modes D + + I>°1r+ 

* +  o + + + 
D + D 1 r  ° t r  + x'& n " 

respectively.  The combined mass d i f fe rence  d i s t r i b u t i o n  f o r  a l l  m o d e s  i s  

shown i n  F i g .  1 e  ( n o t e  t h a t  the re  i s  m u l t i p l e  counting i n  this  f i g u r e ) .  

Allowing no event t o  be counted more than once we f i n d  1 1 9  charm c a n d i d a t e s  

i n  t h e  s i g n a l  r e g i o n ,  2 6  o f  w h i c h  a r e  e x p e c t e d  t o  b e  b a c k g r o u n d .  T h e  

contr ibut ion t o  t h i s  sample f r o m  pr imary  b o t t o m  q u a r k s  i s  e s t i m a t e d  t o  b e  

less than 41 [g]. ' 

In a fraction of the |)”+ —> D°1r+tr —> K_1r+1r+tr candidates at least one of the 
D° d e c a y  p a r t i c l e s  e n t e r s  the  Cherenkov counter sys tem i n  the TASSO hadron 

arms [10]  (covering a solid angle of 191 of Ihr) and can be i den t i f i ed .  This  

.—'. 

p e r m i t s  a s e a r c h  f o r  D ° - D °  m i x i n g .  N o t e  t h a t  the  c h a r g e  o f  t h e  " t r  

determines whether the Dil carr ies  a c or ' ;  q u a r k .  Each a rm c o n t a i n s  s i l i c a  

aerogel.  Freon 1111 and 602 Cherenkov counters wi th  threshold momenta of 0 . 7 ,  

2 . 7  and  14.8 Geil/<: f o r  p i o n s  a n d  2 . 3 ,  9 . 5  a n d  1 7  G e V / c  f o r  k a o n s ,  

r e s p e c t i v e l y .  U s i n g  the  k i n e m a t i c  c u t s  of R e f .  H but  including a l l  c . m .  

energies f r o m  1H.O - 3 6 . 7  Geil ( 2 7 5 3 0  e v e n t s )  we f i n d  4 3  ( 3 5 )  c a n d i d a t e  

e v e n t s  f o r  n o  + I(_1r+ ( D °  + K+1r_).  By requiring the identif ication of a t  

.-‚7‚. 

least  one D° decay particle, 1 1  candidates of the type D 0  + K_1r+ a r e  f o u n d  

w i t h  a n  e s t i m a t e d  background of 1 .  and no decays of t he  type  D0 + K+1r_ a r e  

f o u n d .  From th is  we obtain a 901 confidence l e v e l  u p p e r  l i m i t  o f  0 . 2 3  o n  

t h e  f r a c t i o n  of D ° ' s  t ha t  decay  hadronically as i f  they were D° ' s .  This  

complements the  upper l i m i t  o f  0 . 1 6  r e p o r t e d  i n  R e f .  1 1 .  

R a v i n g  o b t a i n e d  a sample of events  o r i g i n a t i n g  f r o m  q u a r k s  of known f l a v o r ,  

we p r o c e e d  t o  the  t e s t  of the  f l avor  independence of t h e  q u a r k - g l u o n  

c o u p l i n g  c o n s t a n t .  Three - ‚ j e t  e v e n t s  w e r e  f i r s t  observed  a t  PETRA.  They  

we re  in te rp re ted  as evidence of hard gluon bremsstrahlung‚ i . e .  e + e _  + q 

[ 1 2 ] ,  and  enabled the measurement of the quark-gluon coupl ing  constant [ 2 ] .  

I n  t h e s e  a n a l y s e s ,  i t  was  a s sumed  t h a t  t h e  q u a r k - g l u o n  c o u p l i n g  w a s  

i n d e p e n d e n t  of t he  q u a r k  f l avors  and hence descr ibed by a s ingle  parameter, 

° s '  Our purpose here i s  t o  show evidence fo r  hard gluon bremsst rahlung from 

c h a r m  q u a r k s  a n d  t o  t e s t  t h e  u n i v e r s a l i t y  o f  t h e  q u a r k - g l u o n  c o u p l i n g  

constant using the flavor-tagged D* events.  Prev ious ly ,  we  showed t h a t  t h e  

p‚_2 d i s t r i b u t i o n  of p a r t i c l e s  i n  charm J e t s  and the spher ic i ty  and thrust  

d is t r ibut ions  of charm je ts  are s i m i l a r  t o  those found  i n  the t o t a l  hadronic 

s a m p l e  [ 9 ] .  T h e  o b s e r v e d  agreement was indicat ive of gluon bremsstrahlung 

b e i n g  also present i n  charm events .  We demonst ra ted  that  i n  the c o n t e x t  o f  

a f r a g m e n t a t i o n  s c h e m e  s u c h  a s  t h a t  o f  F i e l d  and  Feynman [ 1 3 ] ,  t h e  

t r a n s v e r s e  m o m e n t u m  d i s t r i b u t i o n  r e s u l t i n g  f r o m  f i r s t  r a n k  c h a r m  

f r a g m e n t a t i o n ,  i . e .  c + D “ d  i s  w i th in  errors the same as that ob ta ined  by  

averaging over rank and f lavor  [ 9 ] .  I t  was also shown t h a t  t h e r e  i s  l i t t l e  

d i f f e r e n c e  between the distributions of particles from charm J e t s  and from 

J e t s  o f  t h e  o v e r a l l  h a d r o n i c  s a m p l e .  T h e r e f o r e ,  f o r  t h e  p u r p o s e  o f  

determining the r a t i o  eig/os, we assume that the fragmentation process ( s p a r t  
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from the longi tudinal  fragmentation of pr imary  charm q u a r k s )  i s  i d e n t i c a l  

f o r  cha rm and average jets thus taking advantage of the much larger overall 

hadr_onic sample to determine framentation parameters.  

I n  o u r  analysis we use  a Monte Carlo  simulation which includes second order  

QCD e f f e c t s  [111] and which fragments quarks and gluons i n d e p e n d e n t l y  [ 1 5 ] .  

T h e  f r a g m e n t a t i o n  parameters  a s  d e t e r m i n e d  i n  R e f .  1 6  f r o m  t h e  t o t a l  

hadronic sample are ° q  - 0 . 3 5  GeV/c  and aL  = 0 . 6 6  where  o q  c o n t r o l s  t h e  

t r a n s v e r s e  m o m e n t u m  d i s t r i b u t i o n  o f  q u a r k s  i n  t h e  j e t  c a s c a d e ‚  

( io /dpi  == e x p  ( - p E / Z o ä )  and  aL  i s  t h e  p a r a m e t e r  o f  t h e  l o n g i t u d i n a l  

f r a g m e n t a t i o n  f u n c t i o n  f ( z )  :: ( 1 - z ) a L  of l ight  quarks. The variable z = 

(E  + pl)hadron / (E  + p )  w h e r e  p l  i s  t h e  momentum component  of  t h e  

had ron  a l o n g  t h e  q u a r k  d i r e c t i o n .  We take ec = 0 . 2 - [ 3 A ]  where ec i s  the 

q u a r k  

parameter of the fragmentation function f ( z )  = 1 / [ z ( 1  — 1 / z  — e c / ( 1 - z ) ) 2 )  

[ 1 7 ]  used  f o r  charm quarks. Monte Carlo generated cc, 033 and cägg events 

a re  subjected  t o  the de tec tor  s imula t ion  and t o  the  same s e l e c t i o n  r o u t i n e s  

+ o + 
1r 

! _ 
a s  u s e d  t o  f i n d  D —> D + K 1r+1r+ i n  t he  d a t a .  T h i s  decay mode i s  t r .  t r  

u s e d  as  r e p r e s e n t a t i v e  o f  a l l  m o d e s  o b s e r v e d .  T h e  s y s t e m a t i c  e r r o r  

i n t r o d u e e d  b y  t h i s  p r o c e d u r e  i s  s m a l l  c o m p a r e d  t o  t h e  s t a t i s t i c a l  

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

* 
d i s t r i b u t i o n s .  we treat the  D as a single p a r t i c l e  both i n  the  d a t a  and i n  

the Monte Carlo. 

We have chosen t o  determine «; by f i t t i n g  the high momentum te i l  of the p_[ i n  

d i s t r ibu t ion  (p_‚_„) > 0 . 7  G e V / c )  of  a l l  eharged p a r t i c l e s  i n  c h a r m  J e t s  

b e c a u s e  t h i s  kinematic region i s  particularly s e n s i t i v e  t o  a: through hard  

. . 9 -  

g l u o n  b r e m s s t r a h l u n g .  p_‚_in and  p-'-out a r e  d e f i n e d  w i t h  r e s p e c t  t o  a 

coo rd ina t e  system determined by the tensor 

N p p N (Y) ‚ .  ni  ni \. °! 
” n=1 [pn|2 Y n-1 “' 

T h e  i n d i c e s  1 and j d eno te  t h e  s p a t i a l  componen t s  o f  t h e  m o m e n t u m  o f  

par t ic le  n .  For Y - 2 ,  T represents  the  f a m i l i a r  m o m e n t u m  t e n s o r  o f  R e f .  

1 8 .  T h e  e i g e n v a l u e s ‚ o f  T a r e  o r d e r e d  s u c h  t h a t  01 < 02 < 0 3 ,  and  t h e i r  

corresponding eigenvectors a re  c a l l e d  n 1 ‚  n 2  a n d  113. The  even t  p l a n e  i s  

s p a n n e d  b y  n 2  a n d  n 3 ,  and  n 3  i s  c a l l e d  t h e  J e t  a x i s .  T h e  t r a n s v e r s e  

momentum components of a par t ic le  w i t h  momentum 3 a r e  d e f i n e d  b y  p ‘ o u t  = 

-> " + “ | p  - n 1 |  and p_‚_in = | p  - n 2 | .  Fiss. 2a-d exhibi t  the data and the p_‚_in and 

p-‘out d i s t r i b u t i o n s  g i v e n  by  the f i t  based on  t h e  p_Lin d i s t r i b u t i o n  f o r  p‘-in 

> 0 . 7  G e V / c ,  t a k i n g  Y i n  the momentum tensor  equal  t o  1 or 2 r e spec t i ve ly .  

The f i t s  y i e l d  f o r  Y = 1 ,  “ E  = 0.150 1 0 .029 with  x 2  = 3 . 0  fo r  1 d . o . f .  a n d  

f o r  Y = 2 .  « z  - 0 .155  1- 0.032  w i t h  x 2  = 0 .001 f o r  1 d . o . f .  T h e  f i t s  

(represented by  the sol id  histograms) descr ibe  t h e  da t a  wel l  over  the  e n t i r e  

range  of  p‘—in a n d  p*ou t '  T h e  dashed histograme represent the Monte Carlo 

pred i c t i ons  w i t h  the  same f ragmenta t ion  parameters ,  b u t  w i t h  d ä  = O .  T h e y  

represent the data  poorly.  I n  the region m m  > 0 . 7  GeV/c, the data a re  11.3 

( 3 . 5 )  s . d .  above the Monte Carlo p r e d i c t i o n  f o r  Y = 1 (Y = 2 ) .  O u r  d a t a  

s h o w  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  ha rd  g l u o n  b r e m s s t r a h l u n g  f r o m  charm 

q u a r k s  a n d  a r e  i n c o n s i s t c n t  w i t h  a z e r o  c h a r m - g l u o n  c o u p l i n g .  T h e  

c o r r e s p o n d i n g  f i t s  t o  t h e  s a m e  v a r i a b l e s  f o r  the  overa l l  hadronic  sample  

g i v e  “ s  = 0 . 1 5 3  1 0 .0025  f o r  Y - 1 a n d  “ s  = 0 . 1 5 2  1 0 . 0 0 2 5  f o r  Y = 2 .  A 
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more detailed discussion of the “3 analysis for the overall hadronic sample 

will be given in Ref. 16. 

In principle, aq and «; are correlated quantities. As a check we fit both 

parameters simultaneously to the full p*in and p‘out distributions and 

0 find us - 0 . 1 3 8  1 0 . 0 2 9 .  oq - 0.371 t 0.021 GeV/c. The value of «; agrees 

with the value obtained before. Much of the systematic error that could be 

i n t r o d u c e d  b y  our analysis m e t h o d  (e.g. our use of a particular 

fragmentation scheme and a particular implementation of perturbative 000 and 

our choice of a particular distribution to fit) cancels in the ratio °g/“s' 

We find u2/as = 1 . 0 0  $ 0 . 2 0 ;  statistically. the ratio is 3.9 s.d. away from 

zero. We note that in an analysis using first order QCD [19 ] ,  we obtain 

c 
as/cs - 0.91 1 0.23-  

H e  now estimate the systematic uncertainty i n  «glas introduced by our 

assumptions and by our method of fitting the data. He explore the effect of 

a first rank 03 different from that of the average aq. If the first rank 03 

used in the Monte Carlo (measured to be 0 .36  1 0 . 0 2  1 0 . 0 “  in Ref. 9) is 

changed from 0.35 to o.uz‚ the ratio ug/a3 decreases by 12%. We find only a 

week dependence on our choice of the charm fragmentation parameter so. If 

the c c  used i n  the Monte Carlo is changed from 0.2 to 0 . 3 ,  the ratio u3/cs 

increases by 13}.  Within the context of the model used the value of «: 

is 0 . 1 5 3  1 0 . 0 3 1  1 0 . 0 3 0 .  We give as our final result «glas - 

1 .00  1 0.20 1 0.20. 

& 
In oonclusion, we use reconstructed D 1's as a flavor tag. He find evidence 

for hard gluon bremsstrahlung from charm quarks. A comparison of «; deduced 

- 11 _ 
; 

from charm-tagged events with us determined from all events gives for their 

ratio, ag/as - 1 . 0 0  1 0 .20  1 0 . 2 0 .  This provides experimental evidence for 

the universality of the quark-gluon coupling constant. Attempts to extract 

«; from charmonium decays and to compare it with «: deduced for the b quark 

from bottomonium decays support the flavor independence of “a but have been 

hampered by theoretical uncertainties in the treatment of quarkonium decays 

[ 2 0 ] .  Using partiole identification, we are able to place a 901 confidence 

upper limit of 0 . 2 3  on the fraction of D° mesons decaying hadronically as if 

they‘were D° mesons. 
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Figure‚Qagtions 

1 a )  

1 b )  

1 c )  

1 d )  

1 e )  

2)  

Mass di f ference  spectrum AM M(K_n+won+) - M(K_n+uo) fo r  x > 0 . 6  

M(K_w+n_n+w+) - M(K_n+n_n+) for  x > 0 . 5  Mass difference spectrum AM 

M(K_n+w+) - M(K_n+) for x > 0.5 Mass difference spectrum AM 

Mass difference spectrum AM M(K_w+won+) - M(K_u+no) f o r  x > 0 . 5  

where the n° has not been found .  

Sum of plots 1 a ‚ b ‚ c , d  

Normalized transverse momentum dis t r ibut ions  1/Nev nt  dN/dpl of the e 

da ta  ( Q ) and the Monte Carlo p red ic t ion  obtained from the f i t  ( so l id  

his togram) .  

The broken l i n e  i s  the Monte Car lo  p red ic t ion  for  «; = 0 .  The exponent 

Y i n  the d e f i n i t i o n  of the momentum tensor i s  equal t o  1 fo r  

F igs .  2 a , 2 b  and equal t o  2 fo r  F i g s .  2 0 , 2 d .  
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