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THE I NFLUENCE OF FRAGMENTATION MODELS ON THE DETERMINATION 
OF THE STRONG COUPL ING CONSTANT as IN e+e- ANNIHILATION I NTO HADRONS 

Abstract :  

W . de Boer 
Max Planck I nsti tut fUr Physi k und Astrophys i k  

Fahringer Ring 6 ,  D-8000 Munich 40 

Hadroni c  events obtained wi th the CELLO detector at PETRA were compared wi th 
first order QCD pred ictions us ing two di fferent model s for the fra9mentation of 
quarks and g l uon s ,  name ly the Hoyer model and the Lund model . In the Lund model 
the hadrons are formed al ong strings between quarks and gl uons , in the Hoyer mo­
del each parton fragments i ndependently accord ing to the Fiel d-Feynman prescrip­
tion . Several methods have been used to determine the strong coupl ing constant 
a5 • Wi th the Hoyer model we find a s val ues between 0 . 15 and 0 . 20 ,  depend ing on 
tne method used .  Wi th the Lund model we find as between 0 . 24 and 0 . 28 .  The dif­
ference in as wi th the two model s is for a l arge part due to the d ifferent frag­
mentation schemes and the d i fferent treatment of the gl uons . A gl uon spin test 
has been performed wi th both model s by comparing first order QCD predictions for 
the parton thrust wi th the data . 
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1 . Introduction 

The observation of pl anar 3 jet events i n  e+e- ann i h i l ation1 )  i nto hadrons are 
attributed to the QCD process :  

+ - -e e + qqg ( 1 )  

The cross section for thi s  process i s  determined by the strong coupl i ng constant 
as ' which is the on ly free parameter i n  QCD . However, QCD deal s wi th quarks and 
gl uons and experiments only observe fina l  s tate hadrons . Therefore , to determine 
as ' one needs model s ,  which rel ate the qqg cross-section to the observed final 
hadrons . 

The CELLO col l aboration has studied2 )  the i nfl uence of the fragmentation model s 
on the determination of as by us i ng two rather d i fferent model s ,  name ly the 
s tring fragmentation model of the LUND group3) ( LM) and the Monte Carl o by Hoyer 
et al . 4 )  { HM) . In the l a tter model the partons do not fragment al ong stri ngs , 
but each parton fragmen ts i ndependentl y accord i ng to the Fiel d-Feynman5 l ( FF )  
prescri ption . Both generators correspond to first order QCD .  

We have used several methods to determine as and found that even observabl es ad­
verti sed to be "fragmentation i ndependent" give s i gn i fi cantly di fferent val ues 
of as for the two d ifferent fragmentation model s .  

The paper i s  organi zed a s  fol l ows : we first describe the methods to determine 
as ( section 2 ) ;  then fol l ows a descri ption of the fragmentation model s ( section 
3 ) .  Sections 4 - 7 describe the anal ys i s  using various methods to determine as ' 
section 8 descri bes a test on the gl uon spin wi th both model s ,  and section 9 
summari zes the resul ts . 

2 . Methods to determine as 
To determine as i n  first order, one has to measure how often a quark radiates a 
gl uon , si nce 

�-,....���-a �-,--����-
a(e+e- + qq ) ( e+e- + 2 jets ) 

The gl uon rad iation i s  gi ven by a Bremsstrahl ungsspectrum6 )  
+ - -d a� e e + qqg) 1 

k a eg 
a � 

( 2 )  

( 3 )  



Here k i s  the g l uon energy and e g i s  the angl e between gl uon and quark fl i ght 
d i rection . The cross  section d i verges for smal l angl es  and soft gl uons . The pro­
b l em of measuring "s l ooks s im i l ar to tme measurement of photon bremss trahl ung:  
one measures onl y in the region for k > kmin and e > em i n ' where kmin and emi � 
are some m i n i mum gl uon energy and emi s s i on angl e .  However, after hadron i zation 
kmi n and em i n  are not wel l defi ned due to the overl ap  of the jets . Therefore, 
one needs el a borate Monte Carl o programs to separate the contri butions form qq 
and qqg to the observabl e s ,  from which  one wants to determine "s · 

Good observab l es for the determ i nation of "s ful fi l  the fol l owi ng cri teri a :  
a )  They are s trongl y dependent on "s · 
b) They have smal l contri butions from qq-events .  
c )  They are  i nsen s i t i ve to  fragmentat ion effec ts . 
d )  They are cal cu l abl e i n  QCD ,  mea n i ng no i nfrared d i vergenc ies . 

We have determi ned "s from the fol l owing observabl es : 
a )  The fraction of 3-jet events sel ected by various  topol ogi cal cuts . 
b )  The thrust d i stri bution from events w i th 3 c l u s ters defi ned by a cl uster 

al gori thm7 l . 
c )  The asymmetry of the energy wei ghted angul ar correl at ion between the fi nal 

sta te hadrons8 l . 

3 .  Description of the model s 

In the HM each parton fragments i ndependentl y accord i ng  to the FF prescriotion . 
The gl uon i s  consi dered randomly e i ther as a quark or an anti quark carrying the 
total gl uon energy . Onl y  mesons are created i n  the final s tate .  
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The fragmE.>ntat ion i n  the LM i s  ba sed o n  the string model 3 ) . In a qq event a co­
l our str ing  is s treched between the quark and anti quar k .  I f the q and q move i n  
oppo s i te d i rect ion s ,  the string breaks  up i nto new quark-anti quark pai rs or d i ­
quark-ant id i quark pa i r s ,  wh i c h  are combi ned to yie l d on the average ten pri mary 
hadrons (mesons and baryons ) at Ecm = 34 GeV . In a qqg event the gl uon i s  trea ­
ted l i ke a transverse motion of the str ing  ( a  " ki n k " ) .  The str i n g  breaks  at the 
pos i tion  of the k i nk  by spl i tti ng off a primary meson . The rema i n i ng  two strings 
fragment i ndependently in the i r  own rest frame s .  Each s tr i ng pi ece moves with a 
vel oc i ty V i = Vgs i n  " i i n  the l a boratory frame ( see Fi gure 1 ) .  Boosting the 
fragmentation products from the restframe to the l a boratory frame Col l imates the 
primary hadrons i nto the reg i on between the gl uon and quark or anti quark ,  thus 
caus i n g  a qqg event to l ook more 2-jet l i ke after fragmentation . This l owers the 
fraction of Monte Carl o generated 3-jet events , thus requ i r i ng  a h i gher val ue 
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of a s for a g i ven fraction of 3-jet events i n  the data . 

The LM i s  more " i nfrared stabl e "  than the HM i n  the sense that generation of 
soft or col l i near gl uons does not change the event shape drasti cal l y ,  but merel y 
introduces some add i t i onal transverse momentum ( see F i g .  2 ) . The smooth tran s i ­
tion between qq  and qqg events al l ows much softer cuts o n  the matrix el ement i n  
the LM  than i n  the HM .  

The val ues of the  ma i n  parameters and  some of the d i fterences between 
the model s are summari zed in Tab l e  1 .  

4 .  Data anal ys i s  

The data used for the i s  ana lys i s  were taken a t  an average center of mass energy 
of 34 GeV wi th the C ELLO detector9 l . The ana lys i s  wa s done u s i ng charged parti ­
c l e s  only .  The ba s i c  cuts for the mul ti hadron sel ection were the v i s i bl e  energy 
Ev i s  > 0 . 25 Ecm and the charge mul ti pl i c i ty l arger than 6. Al l candi dates were 
scanned with an event d i spl ay , l eaving 302 1 events wi th a negl i gi bl e  amount of 
background . 

I n order to compare the generated Monte Carl o events wi th the data , we have pro­
cessed them through a real i s t ic  s imu l a ti on of our detector and through the sel ec­
tion and reconstruction programs . The parameter crq was obtai ned from the trans ­
verse momentum d i stribution of  the charged particl es  i n  the sl i m  j e t  ( s ee Fi g . 3 ) .  
We four.d crq = 0 . 3  GeV/c for both generator s .  For the l ongi tud inal fragmentation 
function f ( z ) ,  we u sed the ori ginal  val ues of the parameters ( see Tabl e 2 ) . The 
ratio of vector- to pseudoscal ar mesons V/P wa s set to l .  Th i s  val ue provi des a 
good descri ption of the mul t ipl i c i ty d i stribution , wh i c h  i s  sens i ti ve to thi s 
ratio ( see F i g .  4 ) .  

5 .  Determ ination of as u s ing the fraction of 3-jet events 

In order to select ma i n ly  3-jet events we appl i ed sheri c i ty ( S ) , apl a nari ty (A )  
and  obl ateness ( 0 )  cut s ,  or we sel ected events with three reconstructed jets 
u s i ng a c l uster al gori thm7 l . Three di fferent cri teria were used to sel ect the 
3-jet events :  

1 .  S ; 0 . 25 and A ; 0 . 1  
2 .  0 ; 0 . 2  o r  0 ; 0 . 3  
3 .  events with three cl usters o f  parti c les  ( jets ) 

,c ; 1 r  the cri teria  1 and 2 ,  we requi red at l east  two parti c l es in each hem i s phere 
defi ned by the pl ane perpend i c u l ar  to the event axi s .  
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We have defi ned the  fraction of 3-jet events f3 a s  the fraction of events sati s­
fyi ng one of the above cr iteri a .  Bes ides as ' thi s  fracti on depends on the val ues 
of the other parameters of the model s ,  in particu l ar  on crq ' The dependence of f3 
on as i s  shown i n  Fi g .  5 for d i fferent val ues of crq . It can be seen that in the 
LM f3 i s  i nsens it ive to crq . In the HM f3 varies more w ith crq . Thi s  i s  probably 
due to the fact that in  the HM crq is the onl y  parameter,  wh ich  determines the 
transverse spread of a jet.  In the LM there are three sources whi ch  determine 
the transverse spread of a jet: 

a) The transverse spread of a generated quark, determined by crq . 
b )  The k ink  in the str ing for qqg events ,  which g i ves a transverse momentum 

to the whol e string and therefore to a l l  partic l es .  
c )  The many soft or col l i near gl uons introduce transverse momentum ( see Fi g . �. 

We have a l so checked that in the LM t 3 i s  i nsens it i ve to the ratio V/P . 

Tab l e  2 summar i zes the val ues of as obtai ned with the d i fferent topol ogical cuts 
(onl y stati stical errors are g iven ) .  The val ues of as obtai ned wi th the HM, vary-
ing between 0 . 15 and 0 . 20 ,  are i n  good agreement wi th those measured pre-
viouslylO)  u s ing  simi l ar fragmentation model s .  However,  wi th the LM we find as 
val ues between 0 . 24 and 0 . 28 .  

W e  have checked2 )  many di stri butions to see whether both model s describe the da­
ta in  spi te o f  the d i fferent val ues of as (a  few of these d i stri butions are 
shown in Fi g s .  6 - 7 ) .  Al though the LM gi ves a better x2 in most of the d i str i ­
butions , the d i fference i s  no t suffic i ent to exc l ude one of the model s ,  ta king 
i nto account that nei ther of the model s gi ves a perfect descri ption of the data . 

To i nvesti gate more quant itati vely the d i fference i n  as between the model s ,  we 
have used the poss i bi l i ty i n  the Lund program to generate events according  to 
the FF prescri ption a s  i s  done i n  the HM. We have proceeded in  to steps : 
In the first step the jets were fragmented independently according  to FF. No 
change was made in the gl uon fragmentation . Thi s  increases f3 for the Monte Car­
l o  generated events cons iderabl y ,  as shown in F i g .  8 .  
I n  the second step we have i n  add it ion treated the gl uon a s  a quark , a s  in  the 
HM . Th i s  i ncreases f 3 aga i n ,  as shown in F i g .  8 too .  The rema in i nq d i fference 
between the HM and the LM is attri buted to the d ifferent treatment of heavy me­
son decays , the fact  that the LM takes quark masses i nto account i n  the matrix 

el ement ,  the d i fferent cuts to avo i d  infrared d i vergencies i n  the qqg generatio� 
the d i fferent ways to impose energy conservation in the events,  etc . 
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6.  Determination of a using the thrust d i stri bution 

In th i s  method we measure as by selecting the 3-jet events accordi ng to the a l go­
ri thm descri bed in Ref. ( 7 ) ,  �nd by fi tting the acceptance corrected thrust d i s­
tri bution of these events to the predictions of the two model s .  The l east square 
fi ts yi e l d  the fol l owing val ues, of as : 

as = 0 . 155 ± 0 . 015 
as = 0 . 235 ± 0 . 025 

for the HM ( x2/DF = 5 . 0/4 ) 
for the LM (x2/DF = 9 . 0/4 ) 

Thi s  resul t d i sagrees wi th a previous compari son of the model s 11 l . More deta i l ed 
i nformation can be found i n  Ref . ( 12 ) . 

7 .  Determination of as from the ener9y wei ghted angu l ar  correl ations 

The angu l ar  correl ation between hadrons in qq events can be demons trated in a 
distribution of the angl es between al l pos s i bl e pa i rs of hadrons i n  an event : 
such a d i stri bution shows two peaks near 0 and 180 degrees corresponding to the 
two jets . For qq events th is di stribution i s  symmetric around 90° , but qqg events 
fi l l  the region between o0 and 180° in an asymmetric way, characteri stic for 
gl uon bremsstrahl ung . If the angul a r  correl a tions are wei ghted wi th the energy 
of each particl e , no i nfrared d ivergencies occur .  Therefore the energy wei ghted 
angu lar correl ations ( EWACS )  can be cal cul a ted in first8 l and second 13 l order 
QCD . The EWACS asymmetry is expected to be fragmentati on i ndependent 8 ) . 

An experimental determination of EWACS i s  strai ghtforward : i t  does not requ i re 
a separation of 2 and 3 jet events , but i t  i s  obtai ned by s imply pl otting the 
angl es e between a l l pa irs of hadrons , l abel ed i and j and wei ghting each entry 
with zi zj , where zi and zj a re the fractional energies E i/Ecm and Ej/Ecm of

�
:he 

hadrons i and j .  

The asymmetry A ( e )  of the EWACS di stribution f (e ) i s  defi ned by 

where 

A ( e )  = f (rr - e )  - f ( e )  

f( e )  = l. .g.g. = L l. � i: i: z1. zJ. o ( e 1. J. - e )  a ue �e N k=l i j 

( 4 )  

( 5 )  

Here N i s  the number o f  events and � e  i s  the b i n  width , for whi ch e i j  i s  taken 



to be equal to e .  A Monte Carlo study has shown that the contribution from qq 
events to A ( e ) i s  negl i g i b l e  for e >  2 .0° . 
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To obta i n  as one usual l y  fits A ( e ) from the data to the theoretical QCD formu­
l a14 l . However ,  th i s  i s  wrong i f  the final state hadrons have an asymmetry d if­
ferent from the partons . Thi s  occurs i n  the LM, s i nce the boosting of the string 
considerably reduces the asymmetry of the final state hadrons as compared to the 
parton asymmetry ( see Fig .  9 ) .  For the HM the asymmetry is s imi lar for partons 
and final s ta te hadrons ( see Fi g .  9 ) .  

Therefore we did not fi t the theoretical QCD formul a to the data , but determined 
as by comparing the asymmetry of the final state hadrons of Monte Carl o events , 
generated wi th di fferent val ues of as , wi th the corrected asymmetry of the data . 
A l east square fi t yiel ded :  

as = 0 . 15 ± 0 .02 for the HM 
and as = 0 . 25 ± 0 . 04 for the LM. 

We have made aga in a generator study by us ing the LM wi thout s tring fragmenta­
tion . As shown in Fi g .  ( 10 )  the LM wi th i ndependent parton fragmentation g i ves 
a much hi gher asymmetry in the final state hadrons than the LM wi th s tring frag­
mentation . For both Monte Carl o generators the angu lar correl ations at the par­
ton l evel do not agree wi th the first order QCD formul a due to the cuts on the 
matrix el ement in the Monte Carl o to avoid the di vergent regions . However ,  thi s  
di screpancy cancel s i n  the asymmetry for e > 30° , as shown i n  Fig .  ( 9 ) ,  where 
we compared al so the QCD predictions wi th the parton asyrrrnetry of the Monte Car­
l o  genera ti on . 

8 .  Spin test of the gl uon 

A scalar gl uon can be d i s ti ngui shed from a vector gl uon by s tudying the parton 
thrust ( T) d i s tribution , s i nce for a vector gl uon15 )  

and for a scal ar gl uon s15 ) 

( 7 )  
+ - - s where cr0 j s  the cross section for e e + qq and as i s  the coupl ing constant for 

a scal ar gl uon .  
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The thrust d i stri bution can be obta i ned from the angl es between the jet axi s ,  in 
3-jet events , s i nce 

T = max ( xi ) wi th xi = 2 ( s i ne i j ) / ( s i ne 12 + s i n e 1 3  + s i ne23 ) (8 ) 

Here e i j  is the ang l e  between the ax i s  of cl usters i and j projected onto the 
event pl ane . 
Up to now the spi n tests 16 l have been performed us ing fragmentation model s wi th 
i ndependent parton fragmentation , for which the jet axi s i s  a good approximation 
for the parton axi s .  Th i s  is not necessari l y  true i n  a string model and it i s  
i nteresti ng to see i f  the vector gl uon i s  sti l l  preferred over a sca l ar gl uon i n  
a string model . Therefore , we have repeated a spin test wi th both model s by com­
paring the parton thrust with the formu l a s  g i ven in Eqs . ( 6 )  and ( 7 ) . To obta i n  
the parton thrust we corrected the data both with the HM and the L M  us i ng the ir  
di fferent val ues of as . 

A l east square f i t  of the parton thrust wi th the theoretical QCD formul as 
yiel ds 1 2 )  for the vector case: 

a5 = 0 . 16 ± 0 . 015 for the HM 
as = 0 . 26 ± 0 . 015 for the LM 

2 . 86 )  
3 . 2 )  

and for the sca l a r  case : 

1 . 28 
3 . 7 

for the HM ( x2/DF = 24 ) 
for the LM ( x2JDF = 24 ) 

The best fits are shown i n  F i g .  1 1 . 

The x2 val ues for the scal ar case are consi derably worse than the correspond ing 
ones for the vector g l uon . Therefore, i n  fi rst order, the vector gl uon i s  cl ear­
ly preferred over a scal ar gl uon . However, s i nce a� i s  l arge , h i gher order cor­
rections can be l arge ,  but they have not been cal cul ated for a sca l ar gl uon . 

9. Concl usion 

We have determined the val ue of the strong coupl i n g  constant as from the ana l ys i s  
o f  mul ti hadron events by comparing them wi th two d i fferent model s ( the model of 
Hoyer et a l .  and the Lund model ) .  W ith the Hoyer model we fi nd as val ues between 
0 . 15 and 0 . 20 ,  dependi ng  on the method used ( see Tabl e 2 ) . These val ues are i n  
good agreement wi th the previ ousl y publ i shed val ues o f  as using first order QCD 



and i ndependent parton fragmentation 10 ) . However, with the Lund model we find va­
l ues of as between 0 . 24 and 0 . 28 .  Th i s  is mai n l y  attributed to the string frag­
mentation and to the way the gl uon i s  treated in the Lund model . 

At present , nei ther of the two studied model s can be excl uded . Therefore we con­
cl ude that the systematic uncerta i nty in as i s  rather l arge due to our i gnorance 
of the way quarks and gl uons produce final state hadrons . Conc l us i ons s i mi l ar to 
ours have been publ i shed el sewhere17 l . 
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Both model s prefer a vector gl uon over a sca l a r  gl uon , if f i rst order QCD predic­
tions for the parton thrust are compared wi th the data . However ,  the strong coup­
l i ng constant for a sca l a r  gl uon i s  l arger than one . Therefore , h i gher order cor­
rections may be i mportant, but they have not been cal cul ated . 
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Tabl e 1 :  Mai n  characteristics of the Monte Carl o model s 

Parton generation 

Generation of primary 
quark pai rs 

Long itudinal fragmentation 
function 

(E + p . lmeson z = z 
( E  + pz lquark 

Transverse momentum of 
primary quarks 

Gl uon fragmentation 

Ratio of vector- to 
pseudo sca l ar mesons 

Generation of diquarks 

1st order QCD I 1st order QCD 
cuts on fractional par- I maximum fractional ener-
ton energ ies taking quarl gy of parton = 0 . 97 
masses i nto account minimum parton energy = 

2 GeV 

u u : dd : ss : cc =3 : 3 : 1 : 0  uu : dd : s s : cc : =2: 2 : 1 : 0  

f ( z )  = ( l+a ) ( 1-i) a f ( z) = 1-a+3a ( l -z) 2 
a decreases with quark a = 0 . 77 for u ,  d, s 
mass a = 0 for c and b 
( 0 . 5  for u ,  0 . 09 for b ) a = 1 for gl uon 

gauss i an wi th gauss i an wi th 
aq = 0 . 3  GeV/c aq = 0 . 3  GeV/c 

gl uon spl i ts i nto 2 qq gl uon spl i ts into 1 qq 
pairs with each hal f of pai r wi th one quark 
the gl uons energy taking al l of the ener-

gy 

V/P = 1 V/P = 1 

yes , l eading to baryons no 



Tabl e 2 : Yal ue of "'s obtai ned at IS =  34 GeV with the Lund model (LM) a nd the 
Hoyer mode l  (HM) ( f irst order QCD ) .  
The error i n  the determination o f  "' s  u s i ng the 3 jet fraction ( see text) 
is s tati stical only ( i nc l ud i ng statistical Monte Carl o error ) .  

Method Lurid model Hoyer model "'s ( LM) 
CiS(RMJ 

s ;; 0 . 25 A ;; 0 . 1  0 . 280 ± 0 . 045 0 . 190 ± 0 . 030 1 . 47 
0 � 0 . 20 0 . 260 ± 0 . 040 0 . 190 ± 0 . 020 1. 37 
0 ;; 0 . 30 0 . 255 ± 0 . 050 0 . 200 ± 0 . 035 1 . 28 
# of 3- jet events 0 . 235 ± 0 . 025 0 . 145 ± 0 . 020 1 . 62 
Cl uster Thrust 0 . 235 ± 0 . 025 0 . 155 ± 0 . 015 1 . 52 * 0 . 250 ± 0 . 040 EWA CS 0 . 150 ± 0 . 020 1 . 67 

*Energy Wei ghted Angul ar Correlations 
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Fi g .  1 The ki nemati cs of a qqg sys tem. The vectors V , V- , and V gi ve the 
vel oci ties of the outgoi ng  partons . The vecto�s Vi and v2

g gi ve the 
ve l oci ti es of the s tr inq  pi eces in the l aboratory frame . 

( a ) 
Pg 

R k,'<<<,'<�?7>�>)�4 "P. q / q 
( b )  

( c )  

F i g .  2 The momentum di s tri bution of  mesons i n  qqg events . I n  Fi g .  la the 
typ i ca l  di s tri buti on a l ong two hyperbol as is shown , where the hatched 
areas i ndi cate the broadeni ng  comi ng from di fferences in mas s  and 
transvers momentum. I n  Fi gs . lb and le the correspond ing  s tructures 
are shown for a weak  and a col l i near g l uon , respecti vely3 ) . 



4000 

... 

P1 !Slim Jeti,IGeV/cl 

- H M  
f DATA 

-4000 
- L M  
+ DATA 

P1 !Slim Jeti,IGeVkl 

F i g .  3 The trans verse momentum d is tri buti on of charged parti c l es of the s l i m  
jet wi th respect to i ts spheri ci ty axis compared wi th both model s .  

400 1 1 400 - LM HM 
DATA j DATA 

300 300 "' 
c Q) > Q) 
0 200 200 
Q; .0 E :::i z 100 100 

12 20 28 
12 20 26 

Nch Nch 

4 The charged mul t ip l i c i ty for events with xvi s 0 . 25 compared wi th Fi g .  both mode 1 s .  
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"' 
c Q) > Q) 
0 
di .0 E :l z 

f3 

- W
•O i: 

.15 
MODEL e 

0 

.10 
HOYER r 
MODEL : 

05 fli i' + 

I I 

Uq = 0.39 GeV/c 

0.32 
0.30 .. 

0.25 -

Uq = O 25 GeV/c 

0.30 
0.32 -

Fi g .  5 Monte Carl o predi ction for the fraction of 3-jet events f3 versus as for di fferent val ues of o . Note that for the Lund mode1 f3 i s  appreci ably smal l er than �3 for the Hoyer model for a gi ven as . 

- H M  - L M  
• DATA 400 I DATA 400 

300 300 

200 200 

100 100 

o 
o 0 2  0 4  0 6  0 8  ' o  0 2  0.4 0 6  0.8 1.0 

Sphericity Sphericity 
Fi g. 6 The spheri ci ty di s tri buti on compared w i th the two Monte Carl o mode l s . 



0.1 0.2 0.3 
Aplanarity 

- LM 
j DATA 

0.4 0.5 

fi q .  7 The apl anari ty di stri bution compared wi th both Monte Carl o model s .  

f3 
0.15 CELLO 

Ecm =34 GeV 

0.10 

0.05 
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F ig .  8 Generator study of f3 versus as for di fferent fragmentati on condi ti ons . 
f3 i s  the fracti on of events w i th S � 0 . 25 and A �  0 . 1 .  
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Fi g .  

<D 

<D OJ 

� 

0.0 1 

0 .001 

1 - - 1'1 order UCO (a:,,0. 1 5 )  
i - H M  partons 
I -- - HM final state hadrons 
·1. + data corr. with HM I 

I 
I 

O.l 1t  OJ1t 051t 

- · - 1'1order UCO (a,, D.25 1 
- LM partons 

LM final state hadrons 

� 

a;> 0 .1 

� 

0.01 

' 
0.001 

O.l 1t D J  1t D.5 n 

9 Asymmetry of the energy wei ghted angu l ar corre lati ons at 34 GeV .  

<D 

<D 
I t= 

0.1 

O.Ql 

1 '1 order 
aco H HM 

LM with string 
" LM without string 

LM without string 
end gluon as a quark 

H 

Ecm = 34 GeV 
a, = 0.17 

0.001 .____.__..____.__..____._ _ _.__,__..____.__a._ __ ....J 
0.1Tt 0.3n: 0.5 n:  

Fi g .  10 Generator s tudy of the asymmetry for di fferent fragmentati on condi ti ons . 
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Fi g .  11 The parton thrust of 3-jet events compared wi th a vector gl uon 
and sca l ar gl uon theory .  
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