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1. INTRODUCTION 

3& iiysns. 

This n-port rnvi-Ts the topics of fragmentation of quarks and gluwis nix) tests 
»f Q( 1) in e +c~ annihilation and is a summary of a rapporteur talk given .it 
the 1083 International Symposium on Lepton and f'hoton Interactions al High 
Energies. The speaker was omvided with an overwhelming amount of material 
for this t.ilk and ha* been unable to incorporate it all in this report if only 
because of space limitations. Apologia arc offered ahead of time to the people 
whose work is not represented here. We recommend that the interested render 
consult the list of contributed papers which appear in the proceedings. 

The topic* which are covered in Section 2 arc new data 'in the general char­
acteristics of the e +e~ environment at the T and and at PFCTRA and I'UP. For 
the first time there is a lot of data on resonance production • 7, K*, p, <!>, 3. 
There is more data on c quark fragmentation from tagged /?** and direct ol>-
MTVHIHHI of I)* and D" There are four experiments using high Pi lep'onrt to 
measure (he l> quark fragmentation function agreement amongst the experi­
ments is very good. \t' these measurements ran usefully )»• incorporated in the 
Monte C'arl,> simulation models. 

Section .1 covers the genera! area of QC'D tests. at has heen measured usir<g 
the energy dependence of the total hadronic cross section. Unfortunately this 
method is no' very precise. Other measurements of at from shape analyses and 
energy-energy correlations have been done including the effects of al] second 
order QC'I) diagrams. The results seen, to depend both on the procedure and 
the models used to extract of. The evidence Tor differences in gluon and quark 
fragmentation are reviewed There is now evidence that bnryon conservation 
oeeurs locally in a jet rather than globally in an event. Multiplicity and jet 
mass correlations are presented as well as data on KN'O scaling. 

2. STUDY OF THE HADRONIC FINAL STATES; PARTICLE 
PRODUCTION YIELDS AND QUARK FRAGMENTATION 

In this --(fiiiin we will rover the composition of c**~ hadronic final states. 
I'artirle yields will be given as well as information concerning (he fragmentation 
functions »f charm and bottom quarks. There are now measurements of the 
yield'* of a wide range of resonant st ' he selection of hadronic events in the 
analyses described in thi- f »>n 1 ws a standard prescription which include 
cuts on I'.t-il charged parti le multiplicity and detected energy. The exact cuts 

^ UM-usscd for each set of data presented suffice it to say that the 
1.11 kgrounds to the hadrontc samples are in all cases small and in no way affect 
the validity of the conclusions. 
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[a) Measurements of the Relative Yields of * * , K * and Protons at P I T and 

The TASSO experiment 1 published results on the relative yields of rh.irgrd 
pions, knons and protons a l a centrr-of-mass energy li/n\ of : J I CeV NYw data 
are now available at 20 O V from tbe PBP experiments T P C - and | ) l : i . f () ' 
The performance of the TPC! d l i /dx system has matured to the point whrr«-
they achieve a resolution a = 3.6ri for chared particles in hndronir j<ts Their 
i\V./th performance1 is shown in Fig. ( and the rc*ulti»g particle *ep.-iraiioii 
is shown in Ftg. 2, Csing the dK/dx measurements the relative mimbprs of 
charged pious, kaons and protons were obtained in the range 0 3 livVfr to o 
GcV/e. Helow I CfeV/c the separation is excellent and one '.imply count* tracks 
in the three particle dlO/dx bands (a small .orrection for the electrnn/kaon 
overlap is made), Above I GeV/c a statistical separation wo* made, ['or a given 
momentum bin, a fit wn.s made to the sum of four (Jnu^mn* (pimm, kaoni, 
protons and electrons) whose relative positions and widths were fixed 'I ,'ie iJaia 
are shown in Fig. .'J the errors include the contribution from systematic 
effects and the effects of correlations in the variables used in the fit The TPO 
data are compared with those of TASSO and the agreement is good. The data 
have been corrected for detector inelliciencies to yield inclusive production r-ross 
sections as given in Fig. 4, The cross section is plotted in teims of tin- scaling 
variable i = 2/ i ' / y/s, where / : is the partiele energy, and h:us been normalized 
to the measured hadronic cross section. Kigure .'* indicates that at low particle 
momenta pions dominate the hadronic yield. This i:: presumably due to tin-
low mass of pions relative to kaons and protons. As one moves towards the 
maximum available momentum one is studying leading partn-li^ '»he pjon and 

Kig. I. TPCdIC/dx versus momen­
tum for the 1!M3 sample of hadronic 
events, Only (racks with more than 
120 wires are included. The insert 
shows the ratio oT men.sured dK/dx 
to the expected dK/dx fi»r pions, 
for momenta b-tween 3.r> and (i 
CJeV/c. The »O|K) lines represent 
the contributions of electrons, pi­
ons, kaons and protons. The pro­
ton Signal is a r> standard deviation 
effect at the prcseut statistics {•>$M 

MOMENTUM <G«V/el 
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"PC PARTiClE SEPARATION 
r—r»- - - —T—f" 1 
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V C V E N ' J / j ev .c . „„>»,, 

Fig. 2 I'artirlr separation for the 'FTC with a = 3.B(7. 

Colons o PforO,1S 

> 0 0 0 0 I L i 
TM ,t f>g. 3. I'arliolc fractions versus 

J imuni-ntunt for pions, knnns. and 
%* t" protons, for thp TI'O (preliminary) 

J> 4 * j J and the TASSO pxpcrimt'iits. T P C 
j ' 4 11 i points for momrntii hplow 1 (JeV/r 

i ^ * * * *' : are from 3.8 p b - 1 , and from 20.'2 
» ^ p b - 1 otherwise. The syslpmatic 
I . I j i mirprtaiiitifs are. included ill tht>or-

i | j f ror liara. 
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kaon yields become comparable 
but the proton yield b suppressed 
because one pays a price for 
pulling a diqitark system nut of 
lht> vacuum. Prom Fig. 1 w s « 
that the particle production slopes 
for the three particle species are 
similar which would indicate sinv 
ilar production mechanisms, How­
ever it should he remembered (hat 
(lie issue is complicated by the 
fact (hat most of the stable ha­
il rons observed result from the de­
my of ritwnnneai. I'sing Monte 
Carlo simulation pmsrnmR, which 
nr count well for tin1 hadronic fi­
nal slates, the TPC' group is able 
to obtain tlic probability of pro­
ducing an *s quark pair relative 
to a u U ijunrk pair in the process 
whereby a quark cascades into 
hiidniiis From the data shown in 
Fig. 4 the TPC group finds this 
relative probability to be P{e%)/ 
/'(nil) = O.Jr- t 0.1, The error 
includes I lie uncertainties in the 
model* arising from the shapes of 
tnr- rrngwntnlmn function!*, de­
lay branching fractions and the 
ratio iff vector to scalar produc­
tion. 

Figure h shows the charged 
parttrtr franions as measured by 
(he DELCO group. ID all cases a 
statistical unfold method is used. 
For tracks with momenta below 
2 GeY/c, time of flight measure­
ments were used to effect a sepa­
ration, white tor momenta above 
2.6 GeV/e, the separation of 

1 • - " i - -
t 

9* • \ TPC j 

A ° * ' • L . • «- J 
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\P ^ 
1 * 
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Fig. 4. Preliminary differential cross sec­
tion versus X (bndron energy/beam en­
ergy) at a oentor-of-mnss energy of '20 GeV, 
for pions, kaons and protons. 

* * 

o * 

I (',(( I 

w*»r 

Fig. 5, ParMch* fractions vcrsu? momen­
tum as measured by the DELCO group. 
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Iiinns from kaons and protons torn* from the Cerenkov ronnters. The DEJ/X) 
data arc in reasonable agreement with the data of TPC and TASSO and eunflrm 
the trends and implications discussed earner in this section. 
(b) Measurements of x"andn Production 

There are new results on ** production from the CELLO group4 and the 
TPC group. CELLO has made measurements at J* as M, 22 and to GcV, 
with corresponding integrated luminosities of LI pb~ l, 2.fi p b - ' and 7.0 pb~'. 
The *°"s were reconstructed from photons measured in the CEU.O liquid ar­
gon ealorimctets. Reconstructing w"'% in the crowded jet environment presents 
many experimental difficulties4 — the complexity of which is too detailed for 
this discussion. Instead we show in Fig. 6 the photon-photon invariant mass 
spectrum Tor the three center-of-masa energies studied. Clear v° peaks can be 
sc-en. A background subtracted, inclusive cross section for JT*'S is shown in Pig. 
7 along with the data of the Lead Glass Wall*'' experiment which span the en­
ergy region from 4.0-7.4 GeV, The CELLO group has compared their ff" yields 
with Ihe TASSO yields Tor charged pions and obtain a ratio 2JTP/(JT+ + ff") of 
1.21 ±0.42, 0 96±0.40 and I 01 ±0.35 at / « n 11, 22 and 31 (JeV respectively, 
Hence within statistics the ir°'s have the same production rharactrrutiMi as th« 
charged pions. There is a tendency for the CELLO it0 data to indicate scaling 
violations at the I 5<r level. However these effects could bo due to winportur-
bative effects which, at these ensrgies, are capable "f explaining Hie apparent 
scaling violations. 

— ICO _ — — . ,......,. 
A •22Gtv i l l 

• i r T ' ~"1 

A ' A4 G«v ! 

L2 O 0.6 i.2 t> 
<*tr lt»eWe.?) 

Fig. 6. Photon-Photon invariant mass spectra aa nwaaured by the 
CELLO collaboration. 
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Figure S shows the photon-
photon invariant mass spectrum 
from IheTI'f' detector." The data 
set comprises 'if) p b - ' at y/a = 
20 CJeV. Following a background 
subtraction and corrections Tor 
detector inefficiencies, an inclu­
sive cross section is obtained as 
showp. in Fig. fl. Also shown are 
the :i» O V data from TASSO 0 

and CKLLO TheTI 'C errors in­
clude a l.r/'o contribution for sys­
tematica. Agreement among the 
three experiments is fair, Figure 
10 compares the inclusive cross 
sections for TI 'C charged and 
neutral pions which strongly sug­
gest thai the production ir -ch­
artisms are the same. 

The JAIMC group' has made 
the first observation of 7's in the 
30 iieV energy region. Details 

'ft 
1> */, 

U 

k k 

C 1 0 6 OB 

Fig, 7. Inclusive cross sections as measure! 
by (.'[*; MX) and the IXAV experiment. 

of the JADI'J experiment and the lead glass electromagnetic calorimeters can b? 
found in lief. 7; the energy resolution of the lead glxss is given by <Jj:JE — 
0.01/ ^/:'(GeV) + 0.015 and ihe angular resolution is 0.ij-0.7u. The photon-
photon spectrum for photons with /:'-, > 200 MeV and fCri > 700 MeV is 
shown in Fig. 11(a). Only photon pairs in which both photons come from the 
same hemisphere (jet) are included. A clear it" signal is seen. When photons 
with I-J-, > 300 MeV which combine lo form a -° are removed [Fig. 11(b)) an 
enhancement appears al the i\ mass. The background subtracted spectrum is 
shown in Fig. 11(c) and it comprises a signal of 1501 ± 03 r/"s. The yield oT r/'s :it 
the avenge ^/a of ,14 GeV was found to he 0.72± 0.10 ± 0.18 rj's per event. The 
» signal was divided up into three momentum bins and, following corrections fur 
detector inefficiencies and the » ~» ' n branching fraction, a differential rj-yield 
was obtained. It is shown in Fig. 12. The t) cross section is compared to that 
for JT* and K°. There is some indication in the JAD1C data that the jj-ralc 
might be higher in events with .1 planar and spherical structure than in two jet 
events. However, the accuracy of this meas> fement is not sullicient to rule out 
a constant TJ fraction for all event top.ilogies, 
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Fig. 0. Prt'liminary inclusive 
jr" cross sections from llicTPC 
arc compared with data from 
CELLO and TASSO. 
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Fig. 12. JADK inclusive i/-
spoctruni compared with A"", A'1 

and )T± from TASSO. l>ror 
bars arc statistical only. 
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(c) Additional Measurements of Resonance Production at I'ICF' and I'KTIfA 

The JADE experiment has preliminary results on //* and A'"* product ion 
at ^ s =a 35 CeV. The p° is seen via the decay pr — - + ; r~ where both pious 
are required to be in the same event hemisphere. The background from random 
TT+K~ combinations was obtained by Titling (lie spectrum of same sign (JT^JT*) 
combinations. Figure 13 shows the TT+X~ invariant mass spectrum after this 
background subtraction has been made The spectrum shows an enhancement 
at the p mass with additional contributions which are thought to come from u; 
and A'* reflections. These reflections have been studied with the Lund Monte 
Carlo simulation program and a fit was performed to the spectrum in Fig. 13 
which included a Breit-Wigner line shape Tor the p°. a parametrizalion for ihe 
reflect ir>iis whose parameters were obtained from the Montr Carlo simulation 
and a term for additional backgrounds. The resulting <>" contribution to (he hi 
is shown in Fig. M(a). 

The A'** is seen using the decay mode A"** -» A'JJT*. The A'JJ —<• J r + r " 
decays arc found using the standard procedure of farming ;r f ir~ invariant masses 
for tracks whose trajectory is inconsistent with production at the event primary 
vertex. Mass combinations within 80 MeV/c" or the h^ mass were chosen and 
the JT + , ff_ momenta adjusted using the known mass of (lie A'JJ as a constraint. 
The A'jjljr* invariant mass spectrum is shown in Fig. IS. A clear A** 
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Y\%. I.'i. Uifiion invariant m.-wa 
siicrtriini frrmi \M)\>\. \ sub­
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dom ~IT combinations Reflec­
tions from *> and A'*u arr in­
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K<K 11 JAH1C />" |a) and A"* |b) signal after all back­
grounds arc subtracted. 
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riili.'iiifi'i.'.t'iit i-i MTII. Till-. ••[!"'•'rnsii wris (il ID I lie Mini of a FJreit-WiRncr Inn* 
shape :i( (i Iked A * in:m rind ;i background (ITIII specified liy four parameters 
Tin- A'* width forms I lie fiffli free parameter. The result of tile fit is shown it) 

J-'ifT,. 1.1 and I In- background MJII-
(faded spectrum is shown m 1'ig 
ll|l»|. ' - - I 

The I.I'M) Moiiln Carl" has 
been wed to obtain corrected |iar-
tich? yields aiul 1 lie value of r which ^ 
is the parmiiHrr in the Monti- Carlo y 
which specifies lhe rati" of pvciido. -
scalar (I'S) mesons to vector (V) / 
mesons The JADK croup findt ., 
0,X2 i 0.12 ± 0 !0 />'/event ,in<i ^ 
0.H3 i f) IS i 0.13 K'^/cvont. In I 
littitift the value or r = l'S/(l'S + ~ 
V| the parameter .1. which K-V r; -
ill*' hmgitudim! frn -̂.r.i ..;..:.%.: v . - . . ' : 

V i i r i ' I • l l n ' . l l : ! ' ; • • . H ! > \ i H i ' l» r I .' i IS- t J . _t 

• l i r e l l l l l l H i - • !i iru;- -.) i : . . ; l ! ! ! . ! | ! i l y ' '"' "" * , l '"" 
miri 11 . ..rrcciiy i\"; r| l : i r K,. (| ~ l''iP! IS The A""!^ invariant ma** 
M.(i|. The rtT-ults for r art': spectrum from JADI'J. 

0.03 
+ 0.12 + D.22 

0 11 O.'iO 

A " * : 0.37 

OKI 

+ 0 17 + 0.21 
- O.l'v - 0.18 

0.0'» + n !0 
- 0 06 - 0.12 

I he i.liM'fAaTicin or ihc r; W;L-= disci**''*! in the prcvion> -section. From spin 
"Miishi-s aloiu'xiir Hwiil.l i-\j.f, t I'.'/\ - I TfT r = 0.2-">. However th" situation 
is complicated by the Tact that many of the pseudoscalar particles observed arise 
from the decays of vector resonances. \VV would expect the naive spin statistics 
argument to hold Tor rank I particle:, (leading particle*). Here •*>• arc averaging 
over all particle momenta. 

The pf* was first studied in this energy range by the TASSO Rnmp* who 
found a yield of 0.73 ± 0 06 and a value of r = 0.42 ± 0 08 ± 0.M, Hence the 
two experiments are in good agreement. There are no previous observations of 
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K ' * Tl<" MAI fK II i!r<ni|i II.-L. :I pn l i rmmry >"*TI.II ..f i.r> i, r> A ' * * -^ A",?** 
tint have yet In ulit.'iin a 'nr r i -c ic l j ic. ' i ! nr ;i value <i/ i fl-.m w Ili<-if -<i*»(inl 
serve- -u, ron f i rmt t i n -T 'h.- J W>F r«-.*:lt 

"I'IJH T I ' C R:OI.,> II:U> ..S.v.-.-vt-tl ^.<rn:i!> f . r !>• r|. A"" ' . in l o The A" 1 " is seen 
M.I i t * decay A *'' ' l » ' i t W ' I I T " ihe A * and T 1 .in- pn-iii-.i-ly il< fih(i<-i i f i n g 
I In' d h / d t iiH'iiMirt'ini'iil- •liM-H-.i'd i>:ir!i(T Tlu* data sei rorre\p.,mis lo "JO |il>" 
•it , /» — -0 (irV* nnil the ri"»ult i* runtiiJiTi-rt prelimir.ary F i ^ i re 16 ".hnM-- tlii> 
'Y\'t' K l s f invariant ni.-bi!» -tpfrtrum. -\ Hear signal is seen :tl the A'*"; no 
•iiirh signal is •it-en in H IP sump *ign ( A " 4 * * ) spectrum. The background » l l i rh 
is shewn in Fig. I'i r<*inp*> fr»m the Montr Carlo simulation. This background 
was parametri7cd with a ->itn»>th fit function ami this. togi-thcr with a ( inuwian 
line shape for i|m A * , was UN"I1 to fit the observed spertruni. T I I P result of 
ihis fit :«- *.!:• »•:• ;n Ki<» It; i l - n g \VI»*I the background subtracted signal whirl) 
mrr«» j: i ; : :d* !•: '-."J i !*J A * " T l " ' A ' " * "Siciency as a function of mo iC ' i t ' im 
uiu. i>t,'.:iiii"1 f ' " i n if<- M JI!I Carl-, - imulatimi program. «t varies from 10'V at 
i = '£!'/ ,/.-< <-f 0 t tn JO'V i t /• = 0 7 The '-' jrr-' i '."1 mviri.-int <r<i*s «cciion in 
-h--wn in I IE I* ' i t with i pMin i imi ry yM of O.-i ± 0 1 A * ' + A'" per event 

l'l !>«- f ' l T - fHI'i ••' 1 < 0 « 

III-. I K 0 - i ; : r i l - v - from reconstructing A' + A"~ ma^s romhinaliunt 
wtnTv- the k'iMi.-, »r" positively id'-ntifi '-l using flK/rfx. T r i - spectrum is .shown 
in Fig IS A peak is -••••n just above threshold whirh is not present in the 
same sign invariant imiss spectrum anil cannot arise from photon conversions in 
which the electrons ,-ire called kaons A fit to the spectrum using a smootlu'il 
background obtained from I lie Monte Carlo simulation program i> shown in 
Fig. IH with a o signal whi fb corresponds to YS ± I'J events. The fit yields It 
resonance imtss of 1 02±Q01 ami a width consistent wi th t he dcterior resolution 
A preliminary 0 inclusive spertr idi i »* shown in Fig l"{a) WIHTP the errors are 
purely slalisti'-nl For 0 0 '<< : < 0 t the 0 yield is 0 0t*±0.0> with no 

/ 1 .-

i . - • . . : ^ * » 

Sef\: •' J l " 

Fig 16 The A ' ^ T ^ invariant mass 
spectrum from the TPC". 
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signifx-aitl MRnal *n*n for z > 0.4. The T1V bos about twice as much data in 
h.iml nittl u-tih further study the <> production will lit' better understood, 

Thi- T-VSSO group1'" has made the first observation of S~ and 3 ~ in e + e ~ 
annihilation. The 5 is observed using ihe decay chain S~ - • \n~ -» jw~ir™. 
'I'he A -• p~~ candidates were selected by requiring that the pair momentum 
exceed I <ii'V/r, the p and IT direct inns intersect in a plane transverse t» the 
beam b-tv.-ifi *i and IS cm from the interaction point. The higher momentum 
track »:•;• assigned to the proton. The resulting p* spectra are shown in Figs. 
Iff(a) arid (b) A. A candidates were chosen to have a mass within 0 McV/c 2 

of the A mass and these candidates were combined with an ariclitiuunl charged 
trark which was assigned the identity of a pfon. The crossing point of the ir 
and A directions was required to have a Right path of at least 1 em relative tn 
thi' interaction point and to occur at a point closer to the interaction point than 
the reconstructed A decay point. The resulting Air" and Kit* mass spectra 
are shown in Fig. lfl{c(. A narrow peak around the S mass (1.321 (luVfc-) 
is visible, However no such structure is seen in (he Aft*, AJT~ spectrum, Pig. 
10(d). Tin- spertriim shown in Fig. 19 corresponds tn data at average sfn s= 14, 
22 ami M (leV For the sake of calculating H yields and invariant cross sections!, 
only the data at ^/n > 30 CJeV were used. The observed events were corrected 
fur detector inefficiencies using a Monte Carlo simulation program to yield the 
corrected cross section shown in Fig. 17(b). In order to account for unseen 
Is imm.it ie regions, the momentum spectrum was extrapolated using the shape 

11.550 
, ;yC r • 1 - • l <• ' T -

• j I 
i f\ -a) \ , ? | n (c) 

- .50 '.<•> .20 -.t'O 1.40 1.60 

Fig HI. Invariant ma.\s spectra from TASSO for (a) pit', (li) 
p s+. [cl As- - + A JT+ and (d) AJT* + A ff~. 
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predicted by the M ' N D Montr* Carlo. The fraction of the rnws scc'ion n-sult-
ing from this extrapolation is h-ss than 30'7\ The curves in F IB. 17(h) an- the 
predictions of Ihi* LUND model* with the parameter A = 0.3, the 1l.1t.-1 are mm-
patiblc with values 0.2 < A < 0.5. Tin* parameter 1/ repr-sents the suppn-s.-ooti 
of the s*')uark relative to tin* tl-i|iiark in t)i>' production of dimiark pairs: 

_ H i , * | / / ' (« - / ) 
' ''I'l / IV) 

At an average energy <J~* = 31 <J*V I tie yield of S ar<* 0 0*>6 ± 0.00s ± o.oon 
per hadronic I'vent and the relative yields -ire 5/A ~ 0.0W ± 0.0.1 ± 0.03 and 
B/p = oxm ± 0.011 ± 0.011. 

It is impressive how many final *latr pn-dueticm cr-aw sec-turns ami event 
yields arc now mea.sured in the e + - :~ 30 (JeV energy range. This information 
should now hi ft.) back into the Monte <':irlo sirimlrttM>M programs to remove 
some of I lie .legibility which these programs have. The more we pursue these 
particle production measurements the better we are able to understand the 30 
fJeV energy region and, using data from HI'IvAH, DOftlH ami CRSH, the better 
we ;irv able to understand the energy dependence of tlie production mechanisms. 
We Kiimiiinriite in Table 1 themca-iured particle yields discussed here lit addition 
the TASSO and JADK yields are used :LS a constra,st where measurements are 
not presented here. MenMireinents not riTerenci'd 111 the table are discussed for 
the firs I time here. 

(d) Particle Production Studies in the T Lnergy Hegion 

The ( ' M i O 1 , 1 group has new data 011 the production of A, /v" and <? in t h c T 
energy region, The data comprise 3 ft pb" ' at the T( l>' ) , 10 p b - 1 at the T(-1.*»') 
and IS p h - 1 in the continuum between the T(3.S") and the T(1>>') lladrotiic 
events were required to have (a) a vertex consistent with the known position of 
the interaction point, (b) at least three charger] particles emanating from the 
primary vertex and (c) at leant SOT of the center-of-inass energy carried by the 
charged particles. The efficiency for the event selection is given in Table i 

For the A and A'" studies "vera" were found using standard techniques which 
require that the vertex foriiied by the decay tracks be reii .*• .! from the primary 
event vertex, that the momentum vector of the ~v->->" point back lo the primary 
vertex and that the "vce" have a minimum (,'fOft V, -» /e for /v'"'s. -IM) MeY/r 
for AVt| moment it m No particle identification was «*ie<t Invariant mas* spectra 
were generated .or the decay hypotheses K° —• ir +*r~ and A - * ;>-r" or A - • 
pir+. An example <if the quality of the CI.KO data i*- shown in Fig. 20. Also 
shown in the figure are the Monte < ado generated e(Hciencie!t for observing A 
and A " as a function at momentum. K" (A) candidates were those for which 
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Tablp I. I "article jit-Ids in the Ja = 29-31 CIcV range 

Particle 

IT" 

1 
P" 

A •" + £** 
d 

P + P 
A + ,\ 

S - + 2 " 

Yield/Hadronic Event 

10.3 ± 0.4 

6.1 ±2.0 
5.8 ± 1.8 

0,73 ±0.10 ±0.18 

0.73 ± 0.08 
0,82 ±0.12 ±0.10 

2.0 ± 0.2 

1.6 ±0.1 
1.15 ±0.08 ±0.15 

0 83 ±0.1*4 ±0.13 

0 5 ±0.1 {z < 0.8) 

-0 .08 

0.8 ±0.1 

0.28 ± 0 01 

0.026 ± 0.008 ± 0.009 

Measured By 

TASSO1 

TASSO6 

CELLO1 

JADE7 

TASSO0 

JADE 

TASSO' 

TASSO10 

JADK" 
JADE 

TPO 

TPC 

TASSO1 

TASSO10 

T.Ji-SO12 

|A/» • - \\K,\ < 20 MeV/c2 (jA/p, - AfA| < 5 MeV/c-). The invariant mass 
sj><t'ir.i tvi-rt' lit t<> n sniriotb background and a Gaussian lo establish the level 
<>f background within the selection windows discussed above. Thu momentum 
dependence »f the background was obtained from mass bins adjacent to the 
signal bins In addition a continuum subtraction was made Tor data on the 
resonances. An extrapolation was performed to account for unseen K ° And A at 
low momrnia This was done by fitting the corrected differential cross section 
and extrapolating to the unseen momentum regions. The size and uncertainty of 
ibis extrapolation is given in Table 2. Also shown in the tabic are other sources 
of sir malic t-rror the total systematic error in the eross sections is 12%, 
typical relative systematic errors are < 8*"c. 
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Systematic Error ID Cross Section 
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Pig. 20. CLKO invariant mass spec­
tra for (a) *•»", (b) par, and (c) 
shows tbv cfliriracy for observing 
A"° -* w*w~ and A — pjr~ as a 
function of parent momentum. 
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The number of A'* and A per rvvnt per CJeV/c is shown in Pigs. 21 and 32 
respectively. The continuum spectrum b signiffranlly harder than the T(IS). 
The average number of particles per event are summarized in Table 3 along with 
the C1.EO results for charged kaons and protons submitted to tbb conference. 
Within .statistics the kaon production rates in the continuum and >>n (ho T(15) 
arc the <-mv and the charged and neutral rates are the same. The production of 
kanns men-ruses Hignificantly on the TjlS) presumably because of the dominance 
of b ~* e -» K in ft meson do-ay. However for the A's there b a large (~ 2.5) 
increase in going from the continuum to the T(IS|. The same increase is seen in 
the protons. It is interesting to speculate why the dominantry three glnon 

2 r - -r - T * 

I T(*S> *' 

CLEO 

T < 1 S I K * [ C( 

• 
«3> •bJ 

T~I— 

Conlinuum K 

•Ib° 

• 
I * 

I 

r. L 
2 •>> l 3 0 

• • 

1 2 3 4 

MOMENTUM (G6V/c) 

Fig. 21. ("LEO differential cms* section versus momentum for K". 

CLEO 
0 ? ' T 1 1 1 T 

-"* f T t»S)A | Contrnmiin A 

i 0..L e-
St 
-If HA* 

* ' T *» • 1 
o^—i—>*•!» 1—I—r nniil 

3 I 3 
MOMENTUM (GeV/cl 

Pig. 32. CLEO differential cross section versus 
momentum for A. 
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Table 3 . fartif lc JTM-WH til T(I.S). T i l * ) ami ••"ii'innum !<I.K()> 

A' * / i-n-tit 

r«mtiti»iiim 

T(IA-| 

T(-IS) 

A, A / e v e n t 

O.OK i 0 OOX 

A'7««»i i t 

i o a t o o-*.*» 
O ft.'> ± O 02.*, 

MO t 0 (XI 

|l j> / l - \ l ' t l l 

o u t tooo i 

0 21*» tO(»ft.'. 

I m i i i n v t i 

ofi»i + O O J * 

l i:i.*> + o ottt 

flnal slatr i>f tin- T(1N) decays t<i hnrynns S" tttudi ninr<' (••.pmn-vly tli.-in tin- <;;; 
continuum state. 

T» study ihc p.irlon fragment a Urn iit'>r<' directly. i)>r C'l.M > c.n>ni> lifts flat­
ted in FIR. 2.t ilie inrlnsive <>ros> Motion a* a ftincttim i>r: I'/l-i,,^, l>>r tin-
T(J,*»| Ihcy assiimr that I lit' $|tpflruin rtsntts fn>iii It lii-i-ay* and thitcfori- iln-v 
tljir r = k'/ll:'b,n„tf'2). tt i* MnkmR Irnw Mtmlar tin- e n " - •-'•'ln>ri .«/.< dflfitz i> 
for A'"'* ill tin' T | IS"| ;Llni tlic niiiliniMiiii Tins is mlil »n»'-" tin 1 rtMiii.'iiici' <!»•-
mys wi<iikly wlnTi'it.s tin' miiiiiiniiiii fppri'M'Mi* </<} frnpnii'ticilinn din-rily Thi-
itniling crus.i M>rtii>n> liitvr l.ip'ii til In ! hi1 fnrm lr" '•' :unl > J •• 1' * ihi' fi>ll>>iviiig 
values i>f b 

A'- T|IN) i ; i"±0.. ' , , nuitiiiinitn f l". ±OH 

A ' " ' s : Tll.s'l n.O±fl.-J. i-nntmuiiiit 7.1 ± 0 - ' T ( | N " ) 7 « 1 ± « 1 

4 -

^ t0 4 i- t 

,» 01 A 

c 

, I O 2 -
0 >M 
OITJ I 
mid lO1 h 

icPt— , i 

t -as 

0.25 0.7S 

v • 
•** . 3 

0.25 0.75 0.25 0.?5 

Pig. 23. ('LEO inclusive spectra for K° and A. N»t<* t ' m a i is *quai In 
Eitam for themntinutim and T(l.S) Hut K^am/- f('' iheTKS'lsinw 
each B meson oarrK^ only /ffcam-
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Tin- <"l.l'!<> group t,<Toiiitrii',(<t o<* m tV t r decay lo A " * A ' ' . In most i>f 
the kinematic range, no positive kaoa dentulcation »* t required. All track.1* 
tthn'h were not positively identified a» piont by vmizatioit or lime of flight were 
U M ' I to form tlip A ' *A '~ invariant tua>s* *.pectra shown in Figs 2-l{aKU)- tor 
kru-n moon'Ma in the range 0 t.VI 0 <ieY/e po-.e.ve identification was possible 
ami ' ( W f for <>'t in the momentum range 1-2 CJeV/r a better signal to noise 
rah.? w.v. obtained by requiring one positively identified kaon. These invariant 
ma^s «pe<-tr.i nr<- shown in Figs. 24(dH0< The data were fit to the sum of a 
smooth bark ground and a (iairaian response function for the 0. This procedure 
*as applici! lo three separate momentum bins to yield the number of <J's. This 
yield » I H then rurrertiil for the detector incllieienci«t and the unseen decay 
nioiles uf lb.- o The data on the resonances was corrected Tor the continuum 
rouinbiiiion The T(l.s') data were also corrected for contributions from one 
photon, an >i dotation procit«ses to yield the <> meson production from dirert tlirre 
KIUOH fleecy This normalized differential cronn ..eei'im IS snown in Fig. 25 for 
the thr>" E ID 'D part >>f the T | I N | and the continuum. We see. thr snmc (rend 
with theo'* a*with the A s .mJAs the continuum spectrum is harder. Tht. 
is pri'siiin;i)i|v III> •.urpri-e find is related in th? fact that the continuniii .shares 
the nuTH) ii [u illy mid i wo par ions w here** the T| l>') decays via three pnrlons. 
The yields fi.r o •> j-«-r I 'M'M V. ,I momenta larger than I ( ieV/r in 0.087 ±0.012 
fc" iln> I'I.UIIMDUMI .ind OO'ill i 0 011 Tor I lie three gluon decays of Hie T(I.S'), 
rstrHjuilatiris ' " iti<' dill momentum ntigc using the M M ) Monte Carlo yields 
0 I I o s per e»eni <.« ilie T{ IN) and 0 l"i 0'* per event in the continuum. 

On the T( 1M. ihc subtraction of the continuum yields n o production rate 
-if «(K) i ()(«( nl. If the Tl l.*>) always decay* to lift, this would correspond 
to an upper limn <«:.', confidence IcveM for the tl — $.V inclusive branching 
fraction <,( ;e", f<,r Q m<<ni'-ni.i above tJOO MoV/c 

le) Tagged I t * , I )" and I ) * , the (harm Fragmentation Function 

New data on It* production are now Available from lh* HHS, DE1.CO and 
( ' U . O and i.ii ihreei It pf»dn<-:i<". from the HIfh and CM-. >. The l>* is studied 
via its i|>.< iv I)'* . - / ) ; ' The DKM'O group observe the tt° in its decay 
mode A T . A : ( T and A'sr.Y where th'-ir man* window of the It" is sufficiently 
wide to iielu'le the latter decay even though the third decay product (X) is 
not sifd The |)(; | ,((> "xpertni'nt IMW data comprising 00 ph~' . The analysis 
proceeds t.j I M I , meiho<N |a) either the ir or A' from the D" decay is positively 
identified using their < Vrenkov counter or (b) time of flight is used to positively 
identify the k.-ioii These selection* favor high momentum and kiw momentum 
l»*'s respectively Iteranse of the positive identification of the D° decay product, 
DE1.CO K able to mca>uri' their background using events for which the 
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Fig. 21. Cl/liO A ' + A ' w invariant mass spurt rn 
for T(t.T) In) and (d). r ( ^ ) ( b ) and(c) and con­
tinuum (c) and (T). No particle identiflration is 
used in (a)-(c); one identified kaon is required for 
WHO. 
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Fig. 25. The CLEO differential cross section 
versus momentum for ^'s. 
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harhelnr JT in the I)f± derajr has the wrong sign, relative to tlu* kaciti in the D° 
decay. 1'fic mas* different**, A, be»w?eo the nwnstruclml l}"ir+ and the £>D is 
shown for the DKLCO data in Fig. 26. 
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Fig. » . The man difference A = M{D**+) -
A/IP*) u shown for the DELCO experiment, (a) 
Using the Cherenkov tag and (b) using the lime 
of flight tag. The shaded region is an estimate of 
the background obtained from wrong sign K"a. 
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The power of excellent momentum resolution shows up strikingly in tin-
HRS data. They have two data sets, one comprising 19.0 pb" 1 and another, 
whose results are preliminary, which comprises 80 pb*~*. Result* from both are 
presentfaVhere. Tbe 1IRS observes the D' ~* D"w*, D°-*K~** decay chain 
where no particle identification is used. Figure 27 shows their plot of A for the 
DO pb~' data set. Four regions of 5 — 2E&*/ y/i are shown there » good 
evidence for a signal at z < 0.4. The 11RS abo has a clear signal in their 10.6 
p b - 1 data set. 
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Fig. 27. A from HR5 with 1.81 < M[K*) < 
1.92 GeV/c 8 for the z intervab shown. 
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The measured cross sections v{D"* + D*~) are 0.15 ± 0.02 db 0-04 nb (2 > 
0.3-5) for DELCO and 0.10 ± 0.04 nb (10.6 pb"' data set) and 0.11 ± 0.04 nb (80 
p b - 1 data set) for the IIRS. These can be contrasted to the MARK f l 1 4 result 
of 0.25±O.I3 nb at f» — 20 GeV and TASSO1* of 0.00±0.02 ±0.03 [s > 0.3) 
at an average y/i = 34.4 GeV. The corrected inclusive trass section «//? Ait fit 
is shown in Fig. 28 for the four experiments which have made measurements 
in this energy region. The trend of the charm fragmentation function shown in 
Fig. 28 is that charm is "hard" — the {*©•) b found to be 0.S0 ± 0.02 (IIRS), 
0.57 ± 0.02 ± 0.05 (DELCO) and 0.50 ± 0.06 (MARK If). The fragmentation 
function has been St to the form suggested by Peterson et at 1* 

DQM = 
( i- i-^) 2 

(1) 

where Q denotes a heavy flavor species and tq m Mq . The values found for te 

are 0.36±0.12 (10.6pb-»J and 0.29±0.11 by IfltS, 0.70 by DELCO, 0.l8±0.07 
by TASSO and 0.14 ± 0.03 by CLEO (see later in ibis section}. There are two 
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Fig. 28. The 0** inclusive cross sections 
for all experiments at PEP and PETRA. 
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comments in order here: (a) the shape of 1>Q[Z) varies slowly with IQ and tin-
large variation in <Q above dots not represent a major difference in shai-? and 
(b) the fits have been made directly to the observed s[d<rfdz) spectra. RadUlivc 
effects tend to lower the effective <Ji and hence raise the measured value of .̂ 
This has imt been taken into account in the above determinations. 

One can conclude from these studies that considerably more data are needed 
before the charm fragmentation function is well understood. By the same token 
more data are needed to pin down accurately the charm cross section in the 30 
CicV energy region. 

The CLEO gronp1* has studied the production of />*'» in the T energy 
region. The total data sample consists of IS0.000 resonant hadronic events 
which corresponds to an integrated luminosity of 60 pl>~' at an average yfh = 
10.5 CicV. The D"'s are found in the usual manner (same as HttS discussed 
earlier). Requiring |A— 145.4J < 1.5 MeV/c2 provides a signal of 2iitt± 41 J>"'s 
— the /f+7r~ invariant mass for these D* candidates with momenta above .1 
GeV/c is shown in Fig, 29. CLEO measures an inclusive cross section'* for /->** 
of 0.87 ± 0.1D ± 0.28 nb for x > 0.35 where x = p/p„,ni K'UCO chooses the 
variable x because then all experiments have the same kinematic range, if 

,6 -.6 ?u 

Fig. M. The CLEO K+v~ invariant 
mass spectrum where M3.9 < A < 146.9 
McV/c2 was required and Pg„n > 3 GeV/c. 
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M-HJIIR holds i is as useful a. variable as z). The corrected cross section a[dir/dx\ 
is -iliow n in Fig. .10(a) alone with the data of MARK II and TASSO. The fit shown 
as .1 solid line is to (1) above with the scaling variable r id = 0.10 ± 0.02) and 
as a dashed line using the scaling variable £ \fz = 0.11 ± 0.03). Assuming that 
there are an equal number of charged and neutral P"s produced and that the 
rhann cross section is j0rr of the total hadronic cross section, CIJSO estimates 
that liii ± 7 ± 21*7> of charmed quarks produced fragment into />*'« with x > 
o.sr». 

C1JTCO is also able to see the direct production of If via the decay D° -» 
K~v+. A'ff invariant mass combinations were formed for all oppositely charged 
parlirle pairs for whirb |cosfyf| < 0.75, where $n is the decay angle of the K 
in the AV rest frame. This cut does not severely limit the D° efficiency since 
the D° has spin zero. However it strongly disfavors the background which is 
peaked at (cosffflj = \. The invariant mass spectrum for /'#„ > 2..1 OeV/c 
is shown in Fig. 31. The D° signal comprist* C-1-1 ± SO events and corresponds 
to a corrected inclusive cross section of 1.6±0.3± OS nb for D" with x > 0.3. 
The dilTrrrnti.il D" production cross section is shown in Fig. ;J0[l>) along with 
llie MARK II data. 

-. E S T A T E 'si GffV 
CLEO iQIGeV ••• TfiSSOJ'l iCev 
VAPK D 29G«V(ai rj,2 Gey 'Dl 
. , • . . , • t 

o? 
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' l » 1 . 1 1 i. 1 1 J o 
0 0.2 0 4 0.6 0 8 .0 

Fig. 30. The inclusive cross section as a 
function cf x is shown for Z>** in (a) and 
D° in (b). 
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Fig. 31. The CLEO K~x+ invariant 
mass spectrum in shown for P^x > 2.5 
GeV/c and |cos%| < 0.7r>. 

The CLEO group is able to use their D' and Dc data lo .stimatc how often 
a D° is produced dire -tly. Since the D" is observed in both analyses m tic same 
decay mode, the uncertainty in this D° branching fraction drops out. Assunrng 
all 0*'s decay to D° and that D*° production is equal to D*+ production, CLEO 
obtains a cross st.tion for direct D" production of 0.12±0.15±0.14 nb for x > 
0.55. This corresponds to a D°/D*+ production ratio of 0.18 ± 0.24 ± 0.25 for 
jr > 0.55. This result is consistent with both 0 and 1/3, the result from naive 
spin statistics. It seems unlikely that they are produced equally at this energy. 

The JIRS experiment is able to exploit their excellent momentum resolution 
to observe D° and D+ directly at PEP. Figure 32 shows the K"*** and K ***** 
invariant mass distributions for the indicated z cuts. The distributions arc from 
their 10.6 p b - 1 data set. The fits shown in Fig. 32 are used to extract the 
following ratios: D°/D*+ = 1.7 ± 0.7 (a > 0.4), D°/D+ = 2.3 ± 1.2 (r > 
0.5). If wc assume that D'a always decays to D° and that IHD*+ — Dcn+) = 
0.-14 then, if all D° came from D\ the ratio D°/Dm+ would be 0.7. The HltS 
data indicate then that at Je = 20 GeV there rould be significant direct D° 
production. 

(f) High P t Lcptona As a Tag for b and ̂ Quarks; the b and c Quark 
Fragmentation Functions 

The MARK II experiment was the first experiment to use high Pt electrons 
as a means of tagging b and c quark jceays1 9 and thereby obtaining the Ors. 
indication of the b quark fragment ition function. Since then results have fol­
lowed from the MAC group (muons),20 the MARK J group21 (muons) and the 
TASSO group (electrons). The MARK II has updated its electron analysis and 
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Zp "•» 0.1 and Zp > 05 and (b) /far* invariant 

tributioD for Z.-j > 0.5. Shown in (c) is 
of A for the same 19.6 pb~' data set. 
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,.<wrMf>«| it« mititn analysis. Since three of the four analy*** art* published 
<«*t| ih** fimrlli (TASKO) follows the same basic analysis pattern, we present 
IWP a Riwrnl outline of the analyst1) procedure and focus rather on the results. 
I i-1'f.'Hi ore identified in hadrontc events and their momentum transverse to the 
thrnil »\i» (/'() is measured. The data are then divided into bins of P and Pt. 
IWkftnmnil sources arc calculated and/or measured and a fit is done to the 
•lain in which one permits as sources for the hptons scmi-leptonic derays or 
bottom quarks, charm quarks and background. As an example typically a b-
enrichnl sample (large P, large Pt) will comprise leptons which are 60'o from b. 
20°ii from c and 20% background. The fits require input from the Monte Carlo 
simulation programs which will specify the efficiency for a given P and Pt bin as 
a function of the parameters which specify quark fragmentation functions. The 
senulcptonte branching fractions are also parameters in the fits. As an example 
of the quality of the Intn, Fig. 33 shows the TAHSO electron yields [P > 2 
GuV/c) as a function of i\ where the backgrounds have been subtracted. Figure 
34 displays the same information from the MARK J in terms of a normalized 
cross section versus P,3. All experiments use the parametrization given in (1) 
for the fragmentation function. However the MARK J <|uote rcsulta for ,JCQ 
not tq. The results of the fits to the data are summarized in Tabic 4(a) for 
b quarks and 4(b) for c quarks. The agreement between the experiments for 
(;)(, is most striking • b quark fragmentation is very hard with the primary B 
meson Inking typically 7h-SQ% or the available quark energy. As an example of 
what the parameters in Table 4 mean, Fig. 35 shows the fragmentation function 
obtained from the MARK J fit for charm (a) and bottom 00 quarks. The dashed 
lines represent the Iff errors for the fits. 
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Fig. 33 TASSO electron yields as 
a function of Pt for P > 2 GeV/c. 
The fitted so.ir« for the lepton is 
indicated and background contri­
butions are subtracted. 
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Pig. S1. TV MARK J data are 
shown as a funrtjnn of Pf. (a) The 
data arc compared to the Monte 
Carlo predict ions for the muon par* 
cnts shown and (b) I he cross sec­
tion in shown for P > 2 GcV/c 
by the open circlw and for all mo­
menta for tin." solid circles. Tho 
two spectra differ only for Pf < 
2.0 (GeV/c)2. 
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Fig. 35. Dat3 and fit results from 
the MARK J for the charm (a) and 
bottom (b) fragmentation functions. 



Tabic 4. b and c quark fragmentation parameters 

(a) Bottom Quarks 

0,70 ± O.OO ± 0.06 

0.7? ±0.15 ±0.10 

0.7ii ± 0.03 ± O.Ofi 

'180 ±0.10 

0.7S±0.08 . 

(b) Charm Quarks 

(e Wc 
MARK J (/i) 0.8 ±0 .1 ±0.2* D.4li± 0.02 ±0 .05 

TASSO {e) n g , + 0.35 + 0.17 
U - ' J - 0 . 1 G + 0.08 

n r,r,+ 0.11 
"•"" - 0.09 

* MARK J measures y/i. 

3. QCD TESTS IN c+e" IN THE 30 GeV ENERGY REGION 

In this section we consider new data from PEP and t ,*2TRA in the area of 
QCD tests. 2 2 During the last year the experimental groips have begun to do 
0(a") QCD tests and there is general agreement that n, obtained in this way is 
reduced by about 20%, We will look into the evidence far differences in quark 
and gluon fragmentation and data pertaining to correlations between forward 
end backward jets. 

(a) Measurement of o a 

Three approaches to the measurement of a , are presented here 
( i) The measurement of R (JADE). 

( ii) Energy-energy correlations (MARK J, CIILLO and MAO). 
( iii) Shape analyses (TASSO). 

The JADE group has made a study of Rt the ratio of the hadronic cross section 
to the mu-pair cross section, as a function of , /s . The advantage of this approach 

MARK 11 \e) 

if) 
MARK J [ft) 

MAC if) 

TASSO (<) 

n n , c + 0 . 0 2 2 , + 0.023 O.015 _ 0.011 + 0.011 
n n i „ + 0.218 + 0.12 0 0 4 2 _ 0 0,u + 0 0 3 5 

0.15 ±0.03 ±0,05* 

0.008 „ o o o g 

0 0 " - 0 . 0 1 6 + 0.012 
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is that QCD lias a "gold plated" prediction namely 

•-»£*{'+?+*(?)•} » 
and terms of higher order in o>/?r can be safely ignored. In Eq. (2) above q is 
an index for quark flavor and ranges over those quark pairs which are above the 
threshold. eq is the quark charge and in the JH5 scheme CS = 1,00 - 0.12 Nf, 
where Nj is the number of flavors. The JADE data for It as a function of , / i is 
shown in Fig. 3B and yields (ft) = 3.97 ± 0.05 ± 0.10. These data arc fit to the 
sum of Eq. (2) and a contribution from the weak propagator (Z°) to yield 

sin2 0W = 0.23 ± 0.0.5 and a, = 0.20 ± 0.08 . 

Unfortunately this "gold plated" test of (M, yields AD experimental result of 
limited accuracy. 

Before we can discuss the tests listed under (ii) and (iii) we Are forced to 
digress for a moment (o discuss Monte Carlo models. All the subsequent tests 
discussed in this section will rely on corrections which are made using models 
- models both for the QCD matrix elements an I for the fragmentation of the 

quarks and gluons whose dynamics is specified by the matrix elements. The main 
distinguishing element in the implementation of QCD itself is the IIHC of models 
for the inclusion of second order effects. There are two main classes of models23 

which are widely used in e+e~ physics — the string approach embodied in the 
LUND Monte Carlo8 and the independent jet models, examples of which are the 
AH et al., 2 4 and the Hoyer ct a!, model.2'"1 For convenience we will refer to these 

Fig. 36- R as a function of S/B from JADE. 
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two different approaches as STR .in<) IF. Wo consider first the perturbalivp input 
to the modeb. For two jet topologies there is no difference in the mod?K hut for 
the three jet (and four jet) topologies the modeb are different as til ust rated in 
Fig. 37. Figure 37 shows the product ion of a q q g partem state in the limit where 
there arc no transverse degrees of freedom (<r9 = 0) in the hadronization. In 
Fig. 37(b) (IF) the three partons will fragment independently of each other, the 
hadrons will be produced along the direction of the partons and the probability 
of a particular parton kinematic configuration is specified by the QC l> matrix 
elements. In Fig. 37(a) the q and $ are formed by a string - ihi» i/qg final 
stale arises when the string is plucked transversely. Tin.' string will wniually 
break as aq fq* pair are pulled from (he vacuum. The LUND model then decays 
the qQ*, (/f$ systems in their own rest frames and transforms the hadrons back 
into the laboratory frame. So even if Oq = 0 in the decay of each qij system, 
the hadrons in the laboratory frame do not all follow the parton directions. In 
the LUND model the color strings have coupled the jets. I'ntil recently, these 
models employed either first order QCD diagrams only or the second order di­
agrams shown in Fig, 38(a). More recently people have been incorporating the 
virtual diagrams shown iu Fig. .'J8|b). However there are two different theoretical 
approaches to the calculation of the virtual diagrams. The first approach, com­
monly referred to as the EHT or VGO scheme, is due to two groups Ellis, Ross 
and Terrann28 and Vermassernn, Gacmers and Oldham2*1 while the scmnd, .so 
called FKSS scheme, is due to Fabricius, Kramer, 5ichierliollz ,ind SVhmidtt,-7 

There was an apparent disagreement in the size of the virtual corrections an 
calculated by ERT (VGO) and FKSS. However tbis has now been resolved (see 
for instance, Rcf. 28) as a difference in the way the "cutoffs" have hcen applied. 
The cutoff parameters arc used to decide when a final state is 3 versus t parlous. 
2 versus .1 partons etc. There are two basic schemes used for rutclfs: (a) the 
definition of a jet in terms or the Sterman-Wcinberg29 variables t,n and (!>) the 
use of the variable J/,J = Affj/ ^/a where i and j refer to two partons with mass 
A/y- If Vij is less than t^ the two partons are recombined into out.. Typical 
values used in analyses are yo <** 0.02, <o «* 0.1 and 6 — 15°. 

Fig. 37. Artist's perception of the 
difference between qqg decay in the 
string picture (a) and the indepen­
dent fragment at ion picture(h)- For 
these pictures o<j = 0. 

\ 
«<»' 

\ 

M as 

35 



yiu^n 

yx u i Fin- \ /mx * 

rf?-^ £*7J .^TT $ P v ^ 
) m r < | 

Fig, 38. (a) Tree level diagrams for 3 and 1 parton fin.il states and (b) second 
order virtual nartr>n enntributinnq order virtual parton contributions 

We see that the two classes <>1 models for the ;"?rturbativc QCD differ in 
their approarh to the problem and it would be very surprising if their predic­
tions Tor e+e~ hadronic events were identical. We would lite to stress here that 
in a sense thcs<: two models form two different extremes and that the real world 
pri>i>nl>ly lies somewhere in between. Why do th«y form two extremes? As long 
r= A extracted using the Ll-XD approach is coming out 500-1000 MeV, the color 
string must he stretching very far before it breaks This i extreme because it 
would .seem energetically more favorable to break the string earlier and pull a 
iff I pair from tbe vacuain. At the other extreme however the IF models ignore 
color correlations completely. As an additional shortcoming, neither model in­
corporates the effects of soft gluons which could be important at these energies 
(A; 3( CieV). Finally, the implementation of the virtual diagrams provides an-
nther possible ""knob" in the Monte Carlo program and everybody's "knobs™ are 
not set to the same position. 
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More "knobs" arc introduced in the nonperturbative (hndrnriiz.ition) inputs 
of the models. The LUND model has either standard Feynman-Field™ fragmen­
tation or ils own fragmentation model, The IF models use the Feynman-Fiold 
approach. They are many inputs into these fragmentation models parame­
ter's which govern the transverse and longitudinal fragmentation of quarts and 
glunns. the psendoscalar to vector fraction for primary moons, the relative prob­
ability to produce a «fl, x3 and dd quark pair from the vacuum, the diquark 
probability, branching fractions etc. 

The message is then clear as long as tests of QCD rely on models it is 
hard to compare two different analyses because the Monte Carlo simulations 
can difTcr in many ways. It is no longer reasonable to assume that one group's 
"LUND" is equwaipnt to another group's "LUND" — they can diflhr in the im­
plementation of the virtual diagrams, the fragmentation parameters, the choice 
of fragmentation model, etc. This is an unfortunate situation and experimental 
groups, in cooperation with the authors of the simulation programs, should try 
to allot some lime to making the models more uniform. 

Table 5 summarizes measurements of a,, with corrections to OJrtjJ), using 
the two different approaches to the implementation of QCD. The JADE result 
has been available for quite some time; 3 2 the other three results are more re­
cent. Before we discuss the measurements it is worth observing that while the 
experiments differ in degree, they are all consistent with the trend that «a(STR) 
> cvj(IF) namely that aa obtained using the LUND model is larger thai) uK ob­
tained using the IF models. In the light of the previous discussions this should 
not come as a surprise, since one expects naively to have more three jet events in 
the LUND approach than in the IF approach. Before drawing more conclusions 
we will look at the data. 

Table 5. Comparison of nt Results to 0[n~) 

Experiment « . (IF) 

0.12 ±0.01 

Q, (STR) Method 

Energy-Energy MARK J 3 1 

« . (IF) 

0.12 ±0.01 0.14 ±0.01 

Method 

Energy-Energy 
Correlations 

CELLO 0.12 ±0.02 0.10 ±0.02 Encrgy-Enegy 
Correlations 

TASSO 0.16 ±0.02 0.21 ±0.02 Combined Fit to 
Many Distributions 

JADE 1 2 0.16 ±0.015 ±0.03 0.10 ± 0.015 ±0 .03 Fit to .V], A'j_ 
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The MARK J 3 1 , CELLO and MAC experiments have used the onorgy-
cnergy correlation to measure ae. The energy-energy correlation33 involves 
using hadronic events to study the energy weighted cross seclinn 

where the sum ranges over all /V events including all particle pairs •' and j with 
energies £*,- and Ej. The particles i and ,;' arc separated by the angle Xij- Two 
jet events will give rise to peaks at COT \ = ±1-0 in the absence of any transverse 
momentum in the fragmentation. The presence of this hadron I't will provide 
correlations at other values of cos \. (Jtuon emission will provide an asymmetry 
to the energy correlation. Hence to isolate such an emission one studies the 
asymmetry 

4{cos X ) = 1 \ * L (r - V ) - j ^ • l< )} m 
a locosv dia&x ) 

If all sources of nonpprturbative effects were symmetric, one could hope to 
project out the perturbative QCD using Eq. (3). So the hopes were that the 
energy correlation wouM 

(a) minimize the effects or fragmentation; 

(b) reduce the soft hadron effects via the use of the energy weighted 
correlation; 

|c) permit therefore a direct comparison between the data and the per­
turbative QCD calculations, i.e. reduce to a minimum the use of 
models in the determination of a,. 

A little history is now in order. In 1080 PLUTO 3 4 showed that IftrdE/dcasx 
was fragmentation dependent 3nd hence one should use the asymmetry A(«»x)-
In 1082 the MARK U group 3 5 showed that the fragmentation of the g^y state 
contributes an asymmetry about 2 0 ^ ofthe predicted perturbative effect. Since 
this contribution from fragmentation is a nonperturbative effect, comparison be­
tween data and perturbative QCD wouid lead to an incorrect determination of 
a,. In 1082 the CELLO group 3 6 concluded that Aic<a\) was influenced by 
nonperturbative fragmentation. In 11)82 Steve Ellis used the string picture to 
confirm the result of the MARK D. In 1082 All and Barreiro38 put in second 
order QCD and showed that it had a small effect on J4(COSX) but reaffirmed 
that the fragmentation of the qqg partou stale contributed about ft ~ 20% 
component to A[cos \), and that this effect persisted at all values of cos x- The 
result of this history lessoa then is that it is very hard to compare pcrturbativc 
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QCD calculations directly with the data. Unhappily this returned the energy 
correlation measurement back to the uncertain land of the Monti* Carlo models. 

The MARK J group51 hare used the All et al. Moult- Carlo with Feynman-
Ficld fragmentation as their IF model and the I JF*ND model with Feynmnn-
Field fragmentation as their STR model. Virtual corrections are accounted for 
using the CRT2 0 calculations and the Sterman-Wcinherg cutoffs < and 6. The 
asymmetry, A(cosx), is shown in Fig. 30. The data have been corrected for all 
detector imperfections. However the effects of initial state radiation have not 
been corrected for in Fig. 30. The solid histogram is the prediction of either the 
IF and STR models which are indistinguishable. The solid line is perturbativc 
QCD with a,, = 0.13. Fits have been performed to the data for |cos\ | < 0.72 
(where the fragmentation effects are minimized) and yield o>{STR) = Oil ± 
0.01 find «<i(tFf « 0.12 ± 0.01. Assuming an average », = 0.13 ±0.01 ±0.02, 
the MARK J calculates \(ffl$\ using the second order formula given in Ref. 38 
tobeA(A'W|=l80i5jMcV. 

For the region | cos \ | < 0.73, the measurement is insensitive to large ranges 
of the cutoff parameter 6 which was chosen to be 13° for this analysis. The 
ctt measurement is also insensitive to the choice of t in the range 0.07 < < < 
0.15; * = 0.1 was used to obtain the results given above. 

The CELLO group has performed a similar analysis with considerably less 
statistics than the MARK J. CL2LLO uses the LUND model to generate parton 
kinematics. For the IF model they turn oft* the effects of the string fragmentation 
and use instead Feynman-Field fragmentation. For the STR model, the standard 
LUND fragmentation model8 is used. The virtual corrections are 

Fig. 39. Data from the MARK 
J for the energy-energy asym­
metry compared with the pre­
diction at the parton level with 
<*4 = 0.13. The histogram 
is the prediction of the two 
simulation models (STR and 
IF) which are indistinguish­
able in the plot. 

-1.00 -0.75 -0.50 -025 O 
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implemented using tbe ont«fT variable Vif described earlier in this section. The 
results presented below are insensitive to the choice of a cutoff in % in the range 
0.017-0.05 which corresponds to a jet energy cutoff in the range 4.4*7.6 GeV. 
The CKLLO group uses the variable x instead of COSJK. 

The CELLO asymmetry -4(*J = (I/sin \)Alcos x) is shown in Pig. 40. The 
predictions of the two Monte Carlo models are shown. The data is tit to the 
models in the region cos* < 0.02 to yield the values o,(STR) ~ 0.10 ±0.02 
and ft, (IF) = 0.12 ±0.02. 

The conclusion drawn by the CELLO group differs from that drawn by the 
MARK J; CELLO concludes that at determined using energy correlations ia 
model dependent. It would be useful to compare the MARK J and CELLO data 
(n see it the differences are in the data being fit or in the models used to fit the 
data. CKLLO's data are fully corrected, but as discussed earlier the MARK I 
data are not corrected for the effects of initial state radiation. It would improve 
our understanding of the conflict if the MARK J could provide fully corrected 
data. 

The MAC data are shown in Fig. -11. Their approach to the QCD model is 
the same a>s CELLO they use the LUND generator wilb LUND fragmenta­
tion for STR and Fcynman-Field fragmentation for IF. Howcvrr MAC has not 
included 

1— 
CELLO yT'34Q»V 

STR, a < .0 .12 
-IF,<VCM9 

Fig. 10. The CELLO data for the asymme­
try showing the predictions of tbe STR and 
IF models. 



0 0 5 

•STft(a 4.0.2a) 
—ICJ (a,t0.r3) Fig. 41. The MAC asym­

metry data showing the pre­
diction at the parton level 
as well as predictions for the 
STR and IF models for var­
ious choice» of a,. Statisti­
cal errors arc shown — sys­
tematica arc ±ihvr. 

the effects of the virtual corrections. They present their analysis as a "status 
report" because they are struggling to understand the strong model dependence 
indicated by the curves in Fig. 41. The errors included in Fig. 41 are statistical 
only — the systematic errora are estimated to be ~- 15%. The MAC data arc 
fully corrected and can be compared directly with the CELLO data. This is 
done in Fig. 42. Unfortunately the CELLO data are statistics limited in the 
regions of cos \ where fragmentation effects are minimized. However within the 
stattd errors the data of CELLO and MAC agree where thi-re is overlap. 

10° 

10"' 

< 10* 

io-

fy * MAC Js =29GeV 1 
* f » • CELLO /J=34GeV 

•I.00 

K * 

• ' t 

K i 

-0.75 -0.50 -0.25 0 
ii IJ COS(X) „ „ „ , , 

Fig. 42. A comparison of the asymmetry as 
measured by MAC and CELLO. 
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The TASSO group has performed an analysis in which they choose groups 
of kinematie variables as "shape parameters" and then fit the data to the differ­
ent Monte Carlo models. They make no distinction between two, three,... jet 
topologies - all the hadronic events are used for the fits. The IF model is the 
AN el a l 2 ' generator with modified Feynman-Field fragmentation. The LUND 
Monte Carlo is used for the STR model. TASSO has fixed as many of the frag­
mentation parameters - r = I'SfV, <c, f6, r{a)/P(u}, f>{qi})/f'{q) — ns they 
ran using data from a variety of experiments. TASSO finds that a modification 
of (he longitudinal fragmentation fiinctiun for light quarks in the Fcynman-Field 
model improves the quality of their fits. They use/U) = (l+a/J(l — :)aL rather 
than the standard form /(=) = 1 — a/, + 3a/,( 1 — s)-. For heavy quarks, TASSO 
use? the form given by Eq. (I). The distribution of the transverse momentum 
of the cascade partons is assumed to have the form exp(—qj>/2ff̂ ). 

The virtual corrections are put in using the KKSS sfheme27 with Storman-
VWinberg cutoffs. The values of {t,6) used in this analysis are (0.2,40") which 
would correspond roughly to a cutoff in J/,J of 0.025 for a three parton state. 

TA.SSO chooses variables for their Qts which decouple as nearly as possible 
the Gl parameters a^. a^ and at. The variables used are as follows; 

(a) Jet mass. It has been stressed by Clavelli39 that jet masses are a sensitive 
measure of gluon emission (<*j|. Accordingly each event is divided into two 
hemispheres by a plane perpendicular to the sphericity axis. The mass of the 
particles in each of the hemispheres is calculated. Denoting the high (low) jet 
mass as A/// {ML) the variable 

&A/ : = - I I £ ' L is formed. 
via 

(b) The momentum tensor. The generalized momentum tensor is given by 
the formula 

where a,/? refer to the f'artoian momentum components of thi.* j particle 
and ;V denotes ibe number of partirlra in the event. Tensor T*1' and 7"**' arc 
used — r'*' corresponds to the familiar tensor associated with sphericity which 
has eigenvalues Q\, Q» and Q3. T*2' has the property that momentum enters 
quadratieally. To avoid this quadratic dependence, T' 1 ' with its eigenvalues 
/-I, I'z and L%. is employed. The role of the JL. is analogous to the role of the 
more familiar <?,. 
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(?) *p = 2p/Js, p§?', ff. Here pf?* (p^) measure the amount of mo­
ment urn oat of (in) the event plane where tbe event plane is defined by the T*2* 
analyse (sphericity). 

For a given model a lattice of 5 X 5 X & points in the a/,. <rq, at span-
was used, 2000 Monte Carlo events were generated for each lattice point and 
the contents of each bin of each distribution was parametrized by a second 
order polynomial in fl/,, oq nnd ft*. These paramctrizations were then fit to the 
corrected data to yield fit valors. The results arc summarized in Table 6 for the 
STR and IF models. The fitted distribution columns arc most sensitive to aj,, irq 

and Qt respectively. The contribution to the overall \ S >s shown for each variable 
separately. The variables in column three, which determine the value of a„ most, 
directly, have reasonable \ 2 contributions -• namely thcsi distributions are well 
fit. Only statistical errors have boon used hero; the addition of systematic errors 
in thu quantity x? for instance will reduce it \ 2 contribution to a reasonable 

Table 0(a). TASSO fit results for the independent jet model, second order 
QCD (IF) 

Distribution (x a/DF) 
Overall 
X2/DF at. trq « j 

*P(4.8) Ql(2.3) 9a(l.«) 3.6 .687 ± .017 .362 ± .003 .166 ±.003 

Xp( ) P7Viu((3.3) P7Vn(lO) 4.8 .630 ±.014 .350 ± .002 .155 ±.002 

* P ( ) i l l 1.6) /,2(1.0) 3.8 .307 ± .016 .316 ± .003 .155 ±.003 

z„(4.7) «1<S-0) AA*2J0.7) 3.3 .678 ±.020 .355 ±.003 .166 ±.001 

Table 6( b). TASSO f it results fo r the String model, second order QCD (STR) 

Distribution {\*l DF) 
Overall 
X 2/DF "L < 7 , 

.362 ±.001 

a, 

Xj,(4.0) Ql(M) flrfM) 3.2 .449 ±.017 

< 7 , 

.362 ±.001 .216 ± . 003 

*H ) Plb«((8-2) P7V0(2«) 4.0 .473 ±.012 .324 ±.003 .201 ± -003 

Xf\ ) ^1(8-8) £2(2.2) 4.0 .300*016 .323 ±.004 .221 ± .003 

*fK<H QlV*\ AJW'U.I) 3.2 .437 ± 0 2 0 
..... 

.320 ±.001 .210 ±.001 
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level. The most notable result front Table 6 for our discussion here is that for 
the STR model a, =5 0.21 whereas for the IF model a, ft* 0.16. 

The TASSO group has shown that if a kinematic region is chosen for the vari­
ables Q 2 . p'f, l*> and A A/ 2 which strongly enhances the perlurb&ttvc process (3 
jet events), the values obtained for a* are almost identical to those obtained by 
the fits to the full kinematic range. If the Sterman-Weinberg cutoff parameters 
((,*) arc vahei from (0.175, 35°) to (0.255, 45"), at changes by +0.02 in both 
models. 

The TASSO analysis indicates that there is a significant model dependence 
in the determittat i«in of ftj. 

For completeness we can state the published result of this JADE group32 

which used a fit to three jet event topologies to make the second order a* 
determination a, = 0.160±0.015±0.030 where the result is independent of the 
fragmentation model used within the slated errors. 

iVliat should we conclude then about these measurements of a»1 This re­
viewer would make the following observations: 

|a) Different analysts procedures encounter different problems. However 
they ai! rely on the use of models to obtain a measurciJient of a$. 

(k\ The measurements of ae are model dependent and could bo proceduro 
dependent. 

(c) With the strong dependence on models it would be useful if the Monte 
Carlo simulation programs could be kept more uniform. With all the 
groups using different parameters and different fragmentation models 
zaA different second order cutoff procedures, comparisons between 
results, especially when they reach diuerent conclusions, are difficult. 

(d) We must remember that the STR and IF models represent two dif­
ferent extremes with respect to the application of color strings. The 
real world probably lies somewhere in between. In addition, neither 
model includes the effects of soft gluons — these could still bo im­
portant at these energies. 

(t-| Patience is a virtue — what seems to be a cloudy situation now might 
well become clearer in the future - so we should not get too upset 
by (lie present difficulties with the a« determination. In particular if 
PETRA could get a reasonable sized data set at high energy [yfi > 
40 GeV), this will help the situation considerably. In particular one 
could then measure the energy dependent effects which we are now 
trying to model. 
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(b) Transverse Momentum Structure of Jets in the Energy Range 0 - j } 2 GeV 

The PLUTO group n a s made a very thorough study of the P( structure 
of ^articles in jets in the energy range 9.4-31.6 GeV. All their data are fully 
corrected for detector and initial state radiation effects. Comparisons arc made 
with the leading log QCD {LLA) predictions of Rakow and Webber40. The reason 
for making a comparison with LLA calculations is that they include the effects 
of soft duons. Figure 43(a) shows the evolution of <E, '">/ \f& with \/»- The 
sum ranges over all the charged and neutral particles and /'( is measured with 
respect to the thrust or sphericity axis. The average is taken over all the events. 
The fit shown in Fig. 43(a) is to the LLA prediction of R.ikow and Webber and it 
yields a value of A = 600±25 McV which would correspond to â OOO GeV2) = 
0.20 ± 0.01. Reference to different jet axes yields a systematic effect of 0.01 in 
ot. PLUTO has studied the effects of fragmentation on the determination of a,. 
If they use their simulation program to study the difference between the average 
Pt as measured by the primary vector and pscudoscalar mesons rather than by 
their decay products, they find that as is 25% lower. Hence they conclude that, 
while the Rakow and Webber LLA prediction Ots the evolution of the average 
P( very well, fragmentation effects preclude an accurate determination of o„ 

PLUTO 
(corrected data) 

• Thrust axis o Sphenolyoxis ^ Quark oms Fig. 43. T h e P L U T O 
datafor(a)(£/',)/,/S 
as a function of ^/a. 
The full (open) circles 
refer to P[ relative to 
the thrust (sphericity 
axis). The triangles 
refer to values of P< 
obtained with respect 
to the most energetic 
parton direction. The 
solid line indicates the 
LLA QCD prediction 
of Rakow and Web­
ber for A = 600 McV. 
(b)(E Tf) as a func­
tion of ^/s. The pre­
diction of Rakow and 
Webber is represented 
by (he shaded area. 
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Figure -13(b) shows the evolution of the average /',-. In this case the predic-
tion of Rakow and Webber does not account well for the data and the discrepancy 
cannot be explained by fragmentation effects. 

(c) Docs the Gltion Fragment Differently Than the Quark? 

There has been evidence from the JADE gnmp'*1 (hat the transverse mo­
mentum which characterizes the fragmentation of a gluon is different than that 
for quarks. This evidence was based on their data at ^/H > i!H llu\'. JADE 
has now added to their analysis the data for y/i = 22 (icV and expanded the 
scope of their analysis. Their conclusion remains that gluon enriched jets exhibit 
larger (Pt) in their fragmentation. Wc present here some of the arguments and 
comment on the analysis. 

A spherici'.y analysis was performed on the data and cuts (Q\ < 0.0(4, Qi -
i^l > 0.07) are made to select planar, 3 jet events. I'uftick* in three planar 
events were assigned to one of three jets using the method of Iriplicily.1" The 
jet directions were then calculated from the vector sum of the particles which 
constitute each jet. Because jet directions are better measured than jet energies, 
the jet energies are calculated from the jet directions on the assumption that the 
partons arc massless. These energies, FA, were then ordered such that fj* > 
En > £3- Events having a jet with less than Tour particles or an observed 
energy of less than 2 GeV were removed from the sample. I loth charged Jtid 
neutral particles were used in the analysis. At 33 GeV the Monte Carlo models 
for QCD indicate that the probabilities that jet # 1 . # 2 and # 3 is I he gluon are 
12, 22 and 5\% respectively a;id 0, 20 and 3IC7. at 22 O V . The sum of these 
three probabilities is not 100*7 because the 3 jet sample is contaminated by <\<\ 
events. The thrust of the analysis now is to compare jets of the same energy 
but wilh different gluon content. 

Figure -11(a) shows the (Ft) measured relative to the jet :tvcs for the three 
jets. Data are from the 22 and 3.1 fieV energy regions The dala are ntil 
corrected for detector biases, ?.nd b'lth neutral ami changed (rarks enter into 
the plot. Jet # 2 has a smaller (P,) than jii #3 . The Monte Carlo models predict 
that the gluon content of jet # 2 is — 2*>rr and that of jet # 3 is ~ '>0'"i, for 
6 < £'2,3 *-- '" (*e^' The data in this jet energy region are plotted in Fig. -li 
in terms of /*(. In the region of 0.2 (ieV/c < /', < l.ii O V / c the data were 
fit with dajd}\ r cxpi-AjI't) and the ratio of A>/-h = !. 13 ± 0.01 was found 
indicating that the jet with higher gluon content has a larger {I\). Using charged 
particles only .Ij/.-t.i = 1.10 ± O.Ô i 

We return now to Figs H(b)-(d). Two models were used for comparison 
with the data. The res-jlt of the U'ND model is shown in Fig. ll(tl). The 
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model used m Figs. 44(b) and 44(c) ia the independent fragmentation model of 
Iloyer et a!.' In Fig. 44(b) the quarks and gluons fragment identically, namely 
aq = ag = 330 MeV/c, whereas in Fig. 44(c) <rq = 330 McV/c but <fg = 500 
MeV/c — the gluon is assigned a larger primordial Pi. 

At the heart of this test is the question of whether QCD is a non-Abelian 
theory. If it is, then the presence of a gluon self coupling term would in fact 
provide a broader Pt for gluon jets than for quark jets of the same energy. So 
JADE is probing a very important question here and their result could prove to 
be very significant. For such an important issue it would be comforting to have 
confirmation — such confirmation is still not forthcoming. It is unfortunate 
that the JADE test hinges so crucially on the models for its result. The author 
has concerns about the procedure (any procedure at these energies) of assigning 
particles to jets # 2 and # 3 . Because of the proximity of these two jets, there 
will be a tendency to assign some particles to the wrong jet. In particular, jet # 3 
is looking for ways to get over the definition cuts of low multiplicity and energy 
discussed earlier. The misassigncd particles will tend to have larger than average 
Ft. The JADE response to this criticism would he that the application of the 
LUND model or the independent fragmentation model with &g > aQ reproduces 
the data (Fig. 41). Hence the comment that the result hinges on the models 
Inadequacies in the models could possibly contribute to an incorrect conclusion. 

(d) fan We Distinguish Experimentally the Difference Between the String 
Picture and the Independent Fragmentation Picture? 

We have indicated in this section that the detuminatkm of at is model 
dependent and in particular one obtains a different value for a„ using the string 
model and the independent fragmentation model. An obvious question then 
is can we determine whether one of these models provides a. more accurate 
representation of the data? The JADE group has presented several ways of 
looking at this problem — we choose one here for illustration. Again the thr • 
jet (planar) events are used (see Section c). For each particle the transverse 
momentum is calculated in the event plane relative to the reconstructed jet axis 
(Pt'n) where the sign or f/ n is defined by the insert in Fig. 46(a). Figure 46 
shows (/*/") plotted against Pn, where Pa is the momentum component along 
the jet axis. Also shown on the figure are the predictions of the LUND model 
and the Hoycr et al. model, where the models have been optimized for the 
total data set. The data favor the LUND description. However, we have to ask 
ourselves whether wc arc testing something fundamental about the difference 
between the string picture and nonstring picture or whether we are measuring 
differences and/or inadequencies in the mud els used in the analyst? The author 
has concerns about tests which depend so strongly on the simulation models for 
their interpretation. 
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(<•) Ihrynn. Charge and Jet Mass Correlations; KNO S-aling 

Is tnryon number conserved loyally in a jut 01 globally in an event? The 
TAKSO group lias presented evidenre that haryon number compensation in the 
y/n = 34 CJeV region is mostly a local phenomenon. They consider hailronir 
events with pp, pp and pp topologies, requiring p > I (ieV/c for the baryons. 
I'sing their Chcrenkov counters. TASSO is able to identify protons with mo­
menta up t" the maximum -.ilowpd kincmatically. They classify the rfiharyon 
eveijs according to whether l:;e baryons are in the same jet or in opposite hemi­
sphere jets. The results are shown in Table 7. Contributions from background 
topologies have been subtracted but the entries arc not corrected Tor detector 
inefficiencies. The entries in Table 7 are numbers of event*. One sees (hat the 
TASSO data imply that for fast baryons, the baryon number compensation oe-
f iirs mostly in the sa- e je*. i.e. is a local phenomenon. However more statistics 
are needed to see if t <TC is any long range compensation. In a contribution to 
this conference, A. R.vtl et al.* 3 predict a 10-20°e compensation in opposite jets 
at Ibis Js. 

Tabl" 7 TASSO baryon correlations. Background 
subtracted event populations are shown. 

Opposite Jet 

2.7 ± 3 . 1 

3.0 ± 3.0 

The HltS and TIC* groups have looked into the correlations of charged 
multiplicity. The ha ronic events are divided into two hemispheres (forward 
and backward) by a j arte perpendicular to the sphericity axis cuts on event 
shape are made to seir t predominantly two jet events. The TI'C data are shown 
>r Fig. 47 where the average charged multiplicity in the hark ward hemisphere is 
i Jjtted as a function <f the multiplicity in the forward hemisphere. |The variable 
y = f 1/2) <•«(£;+ Py. '•; - P|j) is the rapidity] The curve is the prediction or 
the Ll.'ND Monte C'a i. The T P C sees no ;<*rge charge multiplicity correlations 
— those exhibited ii the plot are due to instrumental effects or solid ftngle 
coverage and badron selection criteria (charged h ultipJicity > ft). The HRS 
-a ta are shown in Fir 48 for two regions ,if rapidity. In Fig. 18(b) the central 
region is removed- Tli- IIRS data, like those of TPC, support the fragmentation 
independence of the "wo jets. The doited line iu Fig. 48(a) represents the 
trend of th- cen ral region of 540 pp data.** The HIIS has also looked into jet 
mass correlations as shown in Fig. 49. They support the results of the charged 

pp¥ pp 

Same Jet 

- i ) . 2±2 . l 

15.0 ±4.0 
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multiplirily, namely there is nt> evidence for larce comfations between the two 
Ingmentine jeb. 

lifts has studied KNO scaling.4* Their data are shown in Pig. SO as com­
pared to data from pp annihilation and pp interactions. The MIS < +e~ data 
are clearly narrower. However their result is in reasonable agreement with the 
TASSO data.'10 
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Fig. 47- TPC data for multiplicity correlations. 
The apparent correlation in an artifact of the de­
tector and analysb cuts as shown by tbe Monte 
Carlo prediction. 
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