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Abstract

Jet properties in the e"*"e~ annihilation at a center-of-mass energy of 44 GeV were stucüed
with the data collected in the TASSO detector at PETRA. In addition the earlier data at a
center-of-mass energy of 14 and 22 GeV, äs well äs the new data at a center-of-mass energy
of 35 GeV, were analyaed with the aame evaluation procedures for all the energieg. Cor-
rected distributions are presented of global shape variables such äs sphericity, aplanarity,
thruat and Parisi C and D variables, äs well äs the inclusive charged particle distribu-
tions of e.g. particle momenta, 3caled momenta, momenta perpendicular and parallel to
the event axis, and particle rapidities over the ränge of center-of-mass energy from 14 to
44 GeV. The center-of-mass energy evolution of the average sphericity, thrust, aplanarity
and particle momenta is shown. The total hadronic cross section for the center-of-mass
energy interval 39 -~ 47 GeV is given.
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Introduction

Study of jeta in the e*e~ colliaiona haa already a long hiatory and began in 1975. when the
two-jet structure waa diecovered an the etatietical baeia by the SLAC-LBL Cotlaboration
at SPEAR [SCH76. HAN75J through the analyaia of the aphericity distributiona [BJO70].
The angular diatribution of the aphericity axia waa in agreement witb the aaaumption that
the quarka posaeaa apin 1/2.

In 1078 the DORIS experiments [BER78, DAR78, B1E78J obtttrved new phenomena
at tue T resonance which, according to the PLUTO analysia [BERölp] with the triplicity
method, were interpreted aa the T three gluon decay. Further analytiia indicated, that the
gluon p o66e6B epin l [KOL79].

The jete wer« firat "seen" directly aa collimated atreama of particlee by the PLUTO
Collaboration at PETRA [PLU7Ö] in 1978. In 1070 the TASSO Collaboration at PETRA
found a new proc«aa, which led to thrcc-jet eventa [TAS79b] intcrprcted a« hard gluon
bremaatrahlung. Study of l he Ellis-Karliner angle [ELL70] led again to the conclueion,
that the data favour a gluon of apin l [TAS80b],

Since that time many different aspecta of the jet production in the c+e~ annihilation
bave beea «tudied (for reviewa aee e.g. [ALI88, DOR87, WU84, KRA84, SOEÖlJ, which
mad« it poseible to lest the theory of quark and gluon interactiona (quantum chromody-
namic — QCD, aee e.g. [MUT87] and referencea t herein).

Perturbative calculation» in QCD are possible only for pro et säe s with large four mo-
mentum tranefer (Q >• A }, where A ie a QCD acale parameter of about 0.1 -i-1 GeV Aa
the particlea regietered in the experiment reault from proceaaee with Q3 comparable with
A3, one 13 forced to uee phenomenological modela (the so called frag inen tation modela),
which describe the convercion of primary partona (quark and gluons) Juto hadrona.

Study of the fragmentation at different center- of- maaa energiea givea an import&nt in-
aight into the mechaniam of hadron productioo and allowa a comprehenetve teat of modela.
The TASSO Collaboration haa data over a large center-of-maas energy ränge, namely from
14 to 44 GeV.

The primary goal of thi« analyaia waa to obtain Information about jet properti es in the
t+e~ annihilation at a cent e r- of- maaa energy of 44 GeV. Since the earlier analyaia [TAS84J],
raethoda have been intproved, ao the data taken at Iower energiee were reanalyzed with the
same techniquea äs uaed for the 44 GeV data to avoid ttystematic biaaea. Moreover, the
new TASSO data at a center-of-ma&a energy of 35 GtV, collected during the year 1986,
were analysed too.

10



The outline of thia work ia a« followa: In the firat chapter the Lund Monte Carlo
Programme JETSET 6.3 ia briefly deacribed. Chapter two explaina the techniques used
to study the jet propertiea. In the third chapter the experimental data and the TASSO
experiment together with ita data acquisition and data reduction Systems are deacribed.
Chapter four and five give detaila of the Monte Carlo event generatora and the Monte
Carlo detector Simulation Programme uaed in the analyau. In chapter six and seven the
obtained reeults are preeenled and a chtical compahson with th« older TASSO reaulta ia
made. Chapter eight compares the resulta with other experimentB and with the predictiona
of Monte Carlo models.
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CHAPTER l

Multiparticle Production Models

1.1 Introduction

There have been many models of multiparticle production developed over the last twenty
yeara or so, but tbe tnost wideapread uae found thoee, which wer« available in a form of
a Monte Carlo Programme. The modela to be mentioned are [SJOööj thoee of: Artru-
Mennewier [ART74] (historicoJly probably the fimt one), Pield-Fcynmaii (FIE78], Hoyer
tt at. |HOY7Ö], Ali tt «f. [ALiBÜbj, the Lund group (AND7U), Weber [WEBä4], aad
Gottachalk-Moru [GOT87],

Bach of the modela conaiat in pnnciple of two parts, one dealmg wilh the QCD cal-
culations and the aecond one taking care ab out the »ubeequent parton fr&gmentation.

Concerning the QCD calculations, ihe models can be divided mto two general groupa,
namely t hone in which partona are pruduccd according to the perturbative dencription
in terma of first [ELL76] or aecond [AUSOa, GAEttü, ELLöl, VER81, FAB82, KUNöl.
GOT62, ALI84, GUT84. GOT85, KRA86, GUT»7] arder in a, of QCD matrix elementa
and those in which partona are produced according to a leading loganthm approximation
(LLAJ [DOK00, REY81, ALT82] to the füll QCD atructure.

With respect to the fragmentation three main achemea were developed, namely: m-
dependent fragmentation (EF) (FIE78), «trmg fragmentation (SP) {AND79] und clueter
fragmentation (CF) fPOXöO, FIEÖ3, GOT84).

In the two recent atudjea [Mllsa, TASööbJ two multiparticle production models were
found to be the beat in deacribing featurea of hadronic evente in the t+e~ annihilation.
Both ot them are available in the Monte Carlo Programme JETSET 0.3 by Ihe Lund group
(SJ086, SJO87).

12



1.2 Lund Monte Carlo programme JETSET 6.3

The Lund Monte Carlo Programme providea two main opliona on the parton tevel: the
matrix e lerne n t option (denoted further a« Lund O(aJ}) and th« parton ehe wer option
(denoted further äs Lund LLA+O(a,J). In both caaea the partona fragment according to
the Lund etnng preacription.

In case of Lund O(orJ) the initial partona are generated according to the matrix ele-
menta caiculations of (GUT84J up to the second order in a, . There are two main parametera
for thia Option: the QCD scale parameter ATTÄ- and the minimum acaled invariant maaa-
squared v„j„ = nim,B/Wa °f any tw° partona in three- or four-j*t eventa (wher« W is the
center-of-maaa energy of the e+«~ ey etem),

In the Lund LL A + O (er, ) option, the initial partona ar« generated according to the
Lund o ho we ring algorithm [BEN87a,b]. The ahower evoivea according to the Altarelli-
Paiisi equationa [ALT77], appüed to the baeic q -» qg, g — • qg, g -» qq branchinga. In the
very ßrat brauch in g corrections are introduced to match on the firat order matrix elementa
[ELL76] for the qqo production. In aubsequent branchin gs conotrains are iiupoaed on
the evolution variables to obtain the angular ordering (the ao called "coberent" shower)
[MUE81, ERMöl, BASöS]. There are two marn parametera for the Lund shower: the LLA
QCD acale parameter Ati, and the invariant m aas cutoff mf . below which partone are
not assumed to radiale.

After ihe partcn configuration u final ly determined, a colour triplet string is stretched
between the final quatka, the gluona being the kinka on the string [ANDdSa.b, SJO84,
AND85]. The longitudiaa) quark fragmentation ia governed by the eymmetric Lund frag-
mentation function [AND83b]:

2

where m ia the outgoing hadron masa, p± ia ila tranaveree momentum, x ia the fraction of
remaining E + pM (energy and longitudinal momentum) tak«n by the hadron and a, b are
free parametera. The pL quarks spectrum ia generated according to the Gaesian epectrum

e~'1'2*', where <7( ia a next free parameter.

In the anatysis deacribed in the following chaplera the Lund LLA-t-O(ct,) and Lund
O(oJ) modela were uaed to study the jet propertiea in the e~*e~ atlnihilation in terma of
shape variables and inclusive diatributiona of momenta of fiital charged particles

CHAPTER 2

Description of Jet Proper t ies

2.1 Introduction

In thia analyaiB the jet nature of hadronic eventB was atudied mofitly in terma of ehape vari-
able» a^aociated with the sphericity tensor [BJO70], firat order momentum tensor [PAR78,
ELI81, BROÖ7] and thrual [BRAÖ4, FAR77]. These ubaervables were uaed to determine
the event axis. Single particle diatributiona were then obtained with reepect to it. Only
the Information about the charged particles was used.

2.2 Observables

Observables not associated with any axio are the track momentum p* (and ita average
over ihe whole event aample < p >), the acaled momentum xf = 2p/W (where W ia the
center-of-maflB energy) and ln(l/x,). The use of \n(l/xf) was suggested e.g. in |DOKäÖ]
aa an obaervable to atudy the soft gluon e m Union.

The sphericity tenaor m&y be defined äs

where a, ß = z.y.z; } = l ..... N particles. If one dividea it by
normalized tenaor with eigenvalues:

one obtains the

which correspond to the eigenvectora iit. The eigenvaluea 6atisfy the relationa:

Qi + <?a + Qi = l ^d U < Q! < Q.> < Q

* Throughout tliifl thtsis p dtnoles \p[.



"i< and the aplanarity A by

and are correepondingly meaaurea of flatneaa, width and length of the event. The aphericity

i1 IB defined by:

3

2
The vectora na and ii3 define the eo called event plane and the vector n3 detinea the event
(here: aphericity) axie. 5" approachea 0 for back-to-back two-jet eventa. Ideal apberical
eventa have S = 1. The sphericity axia was uaed aa the event axis, with reapect to
which tranaverae and parallel componenta of the momenta were deäned. The quantitiea
Htudied were S. A, pit < p,. >, XL = 2p1/tY, p„. < pu >, x„ = 2pM/lV. p3, < pj >, the
average of the tranaveree rnomentum componentB in and out of the event plaae: < p3.,, >,
< pj.„, >, < p3,, >, < p\„ >. where the averagea for < P^.., >, and < pj,. > are taken
over partklea of an event and <. p*.., >, < P*.. > denote the averagea of < p^„. >
and < p^,„ > over the whole event aample. Almoat all the above mentioned quantitiea are
aenaitive to parton tranaverae momenta and therefore to the gluon etnicäion.

The tensor defined aa:

where a,ß = x, y, z; j = l,.
eigenvalueo

, N particlea, was alao uaed to atudy the event ehape. 1t bas

which correapond to the eigenvectora n«. The eigenvaluea aatiafy the celationa:

LI + Ly + La ~ l, and 0 < L\ L* < L3

and ita meaning ia eimilar äs for thoae of aphericity. Pariai [PAR76J haa delined variables
C and D related to the Lk by

and C=

D and C apan the ränge from 0 to 1. For a two-jet event both C and D vaniah, while for
a planar event C = 3Lj{l — L3) and D vaniahea. D a only nonzero for non-planar eventa.
U is obvioua that C and D are aenaitive to the gluon emieaion, but in contraat to S and
A they are linear in the momenta and are calculable in QCD on the parton level. (Front

now on the teneor T*8 will be cailed Pariai tenaor.)

Another meaaure emptoyed to deecribe the event jet atructure is thruet, which ia
defined äs;

T = Max-

where p„ IB the longitudintü particle momentum relative to the jet axis, which, ia choaen
auch a« to maximize 51 \pltj \- T rangca from | to 1. Extreme two-jet evento have T = 1.

Once the event axis ia deßned the rapidity y [FEY60] of a particle may be calculated.
It ia defined by

*, g + P»y = - In
2 E-PH

where B and p„ are particle energy and parallel component of momentum calculated with
reapect to the event axia.
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CHAPTER 3

The Experiment

3.1 Experimental Data

The high energy data analyaed ii. thia theeia were collected with the TASSO detector at
the PETRA atorage ring at DESY between March 1983 and December 1985. The center-
of-maa» energy ränged from 39.32 to 48 78 GeV with the average of 43.7 GeV. Fig. 3.1
ahowa the diatribution of event number aa a function of center-of-maaa energy. The total
integrated luminoaity waa 34.96 pb~', reaulting in 629U hadronic event s (thia high energy
data will be thereafter called "44 GeV data"). A summacy of 44 GeV data aa well aa the
othcr data analysed in tliia wo r k ia given in Table 3.1.

Table 3.1

The data samplea used in thia analysis. The center-of~inaaa energy ränge, average
center-of-masa energy, integrated luminoaity, collected number of evente.

Dal a bet
Haine

14 GeV

22 G. -V

35 GeV

44 G<A'

Range of C.M.
Energ,y (GeV)

14.02 -r 14.04

21.99^22.00

34.91 ~ 35.10

39. 32 -r 46.78

Avtrage C.M.
Energy (GeV)

14.03

21.98

35.00

43.70

fUt)
dib-1)

1.63

2.79

110.

35.0

N° uf
evenls

2704

1889

31175

6299
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3.2 The PETRA Storage Ring

2000.0

1000.0

0.0
39.0 41.0 43.0

W (GeV)

45.0 47.0

Fig. 3.1. The 4* GeV data. Number of eveota taken at various vatues of center-
of-mass energy

As mentioned betöre, the data analysed in t bis work have been taken with the TAS'SO
detector located at the PETRA storage ring in the DESY laboratory in Hamburg, Wettt
Germany.

DESY (Deutschea Elektronen-Synchrotron) was establUhed in 1959 and H» name was
derived from the first accelerator, a 7 GeV electron Synchrotron.

PETRA (Poaitron Elektron Tandem Ring Anlage) was an electron positron (<"*"«")
storage ring. Ils was put into Operation in September 1978 and was operated over 8 yeara
till November 1980 [PET1-5]. During that period it was the high es t energy e"*"e~ machine
in the world. Ita center-of-masa energy ranged from about 12 GeV up to over 40 GeV.
The layout of PETRA ia shown in Fig. 3.2.

Fig. 3.2. Layout of tbe PETRA etorage ring &od ita accompanymg facüitiea in
the DESY Laboratory.

The whole injecting and accelerating procees was äs follows: The electrona were pro-
duced and accelerated to the eocrgy of 55 MeV in a linear accelerator (LINAC I). Af-
ter war da they were injected into DESY, the original electron Synchrotron, accelerated up
to 7 GeV and injected into PETRA. To obtain positrons, electrona were produced and
accelerated to 250 MeV in another large linear accelerator (LINAC II). Tbe poeitrons were
produced by ehowering these electrons in a tungsten target. So obtained positrons were
aubsequently accelerated by LINAC II to 450 MeV and then injected into PIA (Positron
Intensity Accumulator, a «mall storage ring). They were atored there to obtain requircd
beam intensity by the phase apace compreesioii. After & eufficient number of poaitrone
was accumulated, they wer« injected into DESY, accelerated to 7 GeV and then injected
into PETRA. Once two electron bunches and two poeitrons bunchea had gained enough
particles, PETRA accelerated thein to the required beam energy,
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PETHA had a circumference of 2.3 km. Ha eighl curved eectiona were equipped
with aextupole megneto, quadrupote magneta and bending magnets. Four long etraight
aectiona were uaed for rf (radio-frequency) acceterating cavitiea and four ehort aectiona for
Experimente: CELLO and PLUTO in Hall NE, JADE in Hall NW, MARK-J in Hall SW
and TASSO in Hall SE.

20 0

15.0

10.0

6.0

0.0

1979 1980 1961 1982 1983 1964 1985

Fig. 3.3. Monthly integrated luminoaity collected by TASSO.

One of the parametere characterizing a atorage ring ia the luminoaity L. The luminoaity
at an interaction point can be expreeaed aa

L =

whece: n* ia the numbet of e* per bunch, / ia the frequency at which th« bunchea collide in
the interaction region and af<av ore the r.m. a. valuea of the beam width in the horizontal
and vertical direction in l hat region.

The lummoeity muttiplied by a croaa aection givea the expected number of reactiont
per aecond for the specinc procew. The monthly integrated luminoaity collected by the
TASSO detector together with the PETRA center-of-maaa energiea are ehown in Fig. 3.3
and 3.4 [SUS7).
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Fig. S.4. Hiatory of PETRA e+e~ center-of-maßs energy.

3.3 The TASSO Detector

Th« complete TASSO (Two Arm Solenoid Spectrometerl detector ia ahown in Fig. 3.5-
3.7 in the Arrangement after the inatallatjon of the vertex detector. There were thret
main p&rU: the central detector contained inaide the solenoid, the exlernal detector aod
the forward detector. Tbe central detector consisled of ihe vertex detector, the central
proportional charnber, the drifl chamber and the inner time-of-Üight countera. The ex-
ternal detector waa formed by the liquid arg o n barre) calorimeter, [TAS82a, WIC84) the
liquid argon end-cap calorimeter and the hadron arm s (from which the name TASSO haa
been derived). The hadron armi coneisted of the planar tube chamber (PTC) (SIE&3),
the Cberenkov counUrs [TASöl], tbe ehower countera (TASaO), the time of-flight countere
[BELäl], «nd th« muon chamben [OGG81].

Below followa a deacription of thoae parta of the detector which were important for
the analyaia preaented in thia theeie. The componenta will be deacribed going outwarda,
atarting from the innermoat one.

3.3.1 The Vertex Detector (VXD)

Th« vertex detector (CAM83, BINÜ6] which wae added to the TASSO detector in
and whos* external dimenaiona were conatraincd by already existing componenta ia ahown
in Fig. 3.8. The detector waa £7 cm long, ita moet mnerrnoet pari waa a thin beam pipe,
which at the same time waa a part of the PETRA vacuurn syetem. Nt-xt followed a amall
chamber, which waa planned to be uaed to abeorb phoUme produced in ihe beam pipe.
Then, there waa a Kapton eheet followed by an alummium foil, which waa an equipolential
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Fig. 3.S. The TASSO detector löoking from sputheast. Vertical cut along the
beam axis.

Fig. 3.6. Southeast eide of the TASSO detector löoking from southwest, Vertical
cut through the central point, perpendicular to the beam axis.

Fig. 3.7. Northwest side of the TASSO detector löoking from above. Horizontal
out along the beam axia.

surface, The sensitive part of the VXD waa formed by eight layera of anöde wires, which
were divided into two groupa. The exact pattern of anöde wires, cathode wires and guard
wires is shown in Fig. 3.8c. The VXD worked in a drift chamber mode. The high voltage
waa applied to the anöde wires, the cathode wirea were held at ground and the guard wires
were held at a emall positive potential. Ther« were 72 aense wirea in each layer of the inner
group and 108 senae wires in each layer of the outer group of anöde wirea. Next to the last
wire layer there was another copper equipotential layer followed by another Kapton aheet.
Finally, the detector waa encloaed in a presaure veesel consiating of an aluminium cylinder
with fiberglasa end-flanges.

The detector was operated with an argon/COa 05:5 mixture under a preHsura of 3 bar.
Argon was bubbled through ethanol and the COa through water. The exact description
of the matcrial in the VXD can be found in Table 3.2 [CAM83].

3.3.2 The Central Proportional Chamber (CPC)

The sketch of the central proportional chamber [YOUSOa, CAMÖ3, DOW80, JAR80) can
be aeen in Fig. 3 8a,b. The chamber was 149 cm long, with an inner radius of 16 cm and
an outer radiua of 30,6 cm. It coneisted of 4 concentric proportional chambera. Each
chamber had 480 equally apaced wires running parallel to the beam axis and 120 inner
and 120 outer cathode strips, which formed helices about the beam axis with a rake angle
of 38.6", the inner and outer layera having oppoaite senae of rotation. The corresponding
wire of each chamber was posiüoned at the same azimuthal angle. The chamber walis were
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Fig. 3.8. The TASSO vertex detector in« i de the DC and CPC a — cut along
the beam axia, b -- cut perpendicular to the beam axi», c —fragment of the wir«
pattern.

made out of expanded Styrofoam. These walls formed a backing (or the cathode atripa,
which were formed on 1.9 mm Kaptoa aheeta by a photographic proceaa. The walls were
held m poaition by aluminmm end-ringa. The baaic dimenaiona of the CPC are contained
in Table 3.3 [YOUöOa] The chamber waa operated in the proportional mode, using a
75.0:25.0:0.25 argon/iaobutane/freon mixture, out of which 25% of argon waa additionally
bubbled through methylal.

3.3.3 The Cylmdrical Drift Chamber (DC)

The cylindhcal dnft chamber [BOEiJO, BOEfll] ia ahown on the Fig. 3.9 and 3.10 The
chamber was 352 im lang «vilh an inner radiua of 32 cm and an outer radius of 120 cm.
The inner tube waa made of a 5 mm thick fiberglaas-epoxy. The outer ahell consiated of
6 mm thick aluminium The DC had 15 layera of drift cells, each cel) with the identical
geometry ahown in Fig 3.10. Nine layera had wires parallel to the beam axis (the ao called
"0"" layera). The wires of the remaining aix layera were atrung at a amall angle with reapect
to the beam axia (the ao called "atereo" layera). There were a total of 2340 dnft cells in
the chamber. The cell pal lern had a 12-fold aymmetry — it *vaa repeatcd every 30*. Pour
of the 0* iayera were rotated by half a cell aize, so that the senae wires did not line up at
the boundaries of the 30* sectora. Five aeparating cylinders divided the chamber into ö
compartments. The charnber waa uperated with a 60:50 argon/ethane mixture. The data
about the chamber layera can be (ound in [BOEdO).
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Table 3 2

Material in the TASSO vertex detector.

Inner
Radius

(cm)

6.ÖÖÖ5

6. des
6848

7.4Ü6

7.607

- 11.46

16.40

16.403

10.95

Material

Cu

Be

70% Ar/
30% CO3

Kapton

AI

70% Ar/
30% COa at
1.2 atm

Cu

Kapton

AI

Thickneaa

(cm)

0.0016

0.17

0.644

0.0125

0.005

7.60

0.0030

0.0126

0.15

Radiation
length

%

0.10

0.61

o.oooa

0.04

o.oe

0.07

0.2

0.04

1.69

Extreme
poaition in z

(cm)

10 75

19.75

19 75

28.20

20.28

28.37

29.37

29 37

40.6

Part

Co&ting of beaiu Pipe

beaut Pipe

"Xenon" chamber

Äquipotential

Equipotential

Gaa

Äquipotential

Äquipotential

Preasure veaael

3.3.4 The Inner Time-of-Flight Counters (1TOF)

The inner ttme-of-fiight ocintillation counters (T AS 79. MARö2] wen- placed between the
outer wall of the drift chamber and the magnetic coil at a radiua of 132 cm. There were
48 couatera of the dimenaiona of 390 X 17 x 2 cm1 and an attenuation length of 2 m. Each
counter waa viewed from both ends by a photomultiplier.

3.3.6 The Magnet Colt

The magnet coil (TAS79, FISöO] waa 440 cm long with an inner radius of 135 cm. It waa
providing a ficld of about 0.6 T, when it wao being operated at a füll current of 6200 A.
The field waa conatant over the whole volume of the inner detector to within about 6%.
The largeaL vanationa occurred at amall radii at the coil eclges



Table 33

Principal dimenaiona of the CPC.

Plane

1

2

3

4

Inner Cathode

Anode

Outer Cathode

Inner Cathode

Anode

Outer Cathode

Inner Cathode

Anode

Outer Cathode

Inner Cathode

Anode

Outer C&thode

Radius

(cm)

18.02

18.72

19.42

21.07

21.77

22.97

24.13

24.83

25.53

27.18

27.88

28.58

No. of

Channele

120

480

120

120

480

120

120

480

120

120

480

120

Orientatiun

-36.5'

0.0*

+36.6"

-36 5*

0.0"

+30. 5"

-36.5*

0.0*

+36.6*

-36.5*

0.0'

+36.5*

Strip Width

830

-

6. 70

7.37

-

7.86

8.44

-

8.93

9.61

-

10.00

Separation

(mm)

1 26

25

1 36

1.47

28

1.57

1.70

3.3

1.79

1.90

3.7

2.00

3.». The TASSO cylindrical drift chamber. Cut along tlie betim axia

-v V-

UJ \. S.10. The TASSO cylindrical drift chamber. Drift cell geometry

3.3.6 The Forward,Detector

The forward detector (among others uaed to meaaure the luminoaity) in ita version after
May 1982 U ohown on the Fig. 3.11-3.12 [JOC84] and Fig 3.7 One pari of it was placed
o n the eaat and another one on the weat aide of the central deteclor. Euch module h ad
a hodoacope of acintillation coutktera H (aee Fig. 3 11), three luyera of planar proportional
tube chambera P and lead-scintillator aandwich ahower counters S The modulea covered
the angular ränge of 0 < * < 2x and 28 mrad < 0, it — Ö <us mrad and were aegmented
into eight sabmodules (A$ = r/4). In addition, there «vere two sets of amall plastic
acintillation counters A and C to meaaure amall angle scattermg around 50 mrad. The
counters were arranged in eight identical arma. Each arm conaiated of one acceptance
defining counter A (40 x 70 x 5 mm3) and a somewhat larger counter C (80 x 90 x 5 mm3).
The poaitioning of both typea of countera was done with high preciaion The diatance of
the A and C counter» from the beam axia waa (after Ju ly 1983) a=140 mm and b=120 mm
(aee Fig. 3.11)

Fig. 3.11. The TASSO forward detector and luminoaity monitor in the veraion
after May 1982 Cut along the vector d (aee Fig 3 12).



Fig. 3.12. Scheme of the TASSO luminoaity raonitor in the vereion after May
1902. ' -

3.4 Data Acquisition and Data Reduction

3.4.1 Introductkm

Each component of the detector was equipped with epecific electronics, which enabled the
readout of the collected Information. The total complete readout of the detector required
•ome tens of milliaeconda. The average amount of informatian per event was of the order
of 6 kbytea.

PETRA waa operated in the four bunch mode with a bunch collision every 3.H pa in
one mteraction region If for each collision one intereating event had occurred, there would
hav« been about 1010 eventa expected per day out of which about 10* could have beert
read out.

One aeea, t hat it is impoaaible to störe such an amount of data and that the readout
time waa about four ordera of magnitude longer than the time between bunch colliaiona.
Moreover, from the average daily luminosity of about 60 nb'1 and from the hadronic croaa
aection at 44 GeV center-of-mass energy of about .1U nb one can eatimate that about 10
hadronic eventa ahould be expected per day. Thia ia also another reaaon why one had to
decide äs aoon aa possible if the last cotliaion had been an intereating one and either read
out the detector and reuet it, or only reaet it and wait for the next bunch colliaion. The
deciaiona to read out the event or not were taken by the so called triggenng ayatem. Since
the proceaaea atudied with the TASSO detector wer« quite diffcrcnt in n&ture, «ach of them
had to have ita own thgger(a).

After an event waa read out it had to be stored and proceaaed later on by event
reconatruction and data reductton program«

In the following pari o[ thia chapter only triggers and programa relevant for the
hadronic processes and for the luminoaity meaaurement will be descrlbed (in their con-
figuration after 1904) But before it will be done, some det&ils of the TASSO coordinate
ayatem will be explamed. It is depicted in Fig. 3.13. where x — y (R - <f>) plane is ahown.
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The origin of the ayatem waa placed in the geometrical center of the detector. The x
axU pointed towarda the center of PETRA ring, the y axis pointed upwarda and the s
axis pointed towarda the positrona night direction and waa choaen auch, that the aystem
wa« right- handed. A track in the R — <f> plane waa described by thcee parametere: r0 —
the radtua of the curvature of the track, d^ —the diatance of the clösest approach to the
origin, and <#0 — the angle of the track to the x axia at ita cloaeat approach to the origin.
Additionally i0 —the track z coordinate at its cloaeat approach to the origin and © — the
track polar angle completed the track description m the füll space.

Fig. 3.IS. The TASSO coordinate aystem.

3.4.2 Hadronic Data

The data flow waa orgaruzed aa follows: the data taking Computer (VAX 11/760) after
getting a signal from the beam pickup ayatem, waited for a aignal from the triggering
ayatem. When there waa a valid trigger, a «gnal waa aent to the front-end proceaaor
(MOTOROLA 6*000), which performed the read out of the detector and formatting the
data. The data were aubsequently read out by the data taking Computer.

For the hadronic data two trigger proceaaors were of the main imerest. Theae were
the drift chamber proceaaor PREPRO [SHWO] and the central proportional chamber CPC
proceaaor [YOUöOa,JAH80].

The CPC proceaaor waa formed by two parta, the firal one being the anöde CPC-48--
Bit proceasor, which was lookiog for tracka in the R - $ plane and the cathode proceasor,
which was providing the z Information. The CPC-48-Bit proceaaor demanded hita in the
correaponding R - <f> aectora in at leaat 3 out of 4 layera o£ the CPC The hit patterna had
to agree with the aasumption that the track momentum perpendicukr lo the beam waa
higher than 2&0 MeV.

The DC proceasor PREPRO was not only analysing the information from the drift
chamber, but it also combined it with the information coming from Ihe CPC and 1TOF

2»



oountera The PREPRO waa looking for tracka in the DC by using Signals frorn aix 0"
layera. A hit pattern waa regarded aa a valid track in the DC, when it agreed with a hit
maak, which had been hard wired into the PREPRO. There were 16 such maaks for every
out of 72 wires in the first DC layer. They corresponded to the different track momenta
wilhin -250 MeV -h +250 MeV p^ ränge (for moat of the 44 GeV center-of-maaa energy
running the Iransveraal momentum threahold was 320 MeV). There had to be at leaat
5 out of poasible Ö hita on the track path in the DC. Additionally there had to be the
correaponding CPC bit aet and the correaponding ITOP counter had to reapond to regard
the hit pattern aa a valid PREPRO track. If one DC track could be aaaociated wilh two
ITOF counters it waa regarded aa two tracka. If two DC tracka were aaaocialed with the
a&me ITOP counter they were counted M one track only.

Two PREPRO tnggera were moat important for the h&dronic data: the ao called
majority trigger and the coplanar trigger. The majority trigger demanded 5 (or leaa at
lower energiea, but never iesa then 2) PREPRO track s The coplanar trigger demanded two
tracka w hie h were colinear in R — $ plane within 12* (the ao called "coplanar fine" trigger)
or 25* (the so called "coplanar coarae" trigger). For moat of the 44 GeV center-of-maaa
energy running the coplanar coaroe trigger wu awitched off.

When a valid trigger was aet and the evertt waa read out, it was sent to the IBM
main frame Computer via a apecial link, to be atored on a magnetic tape and analyaed
fürt her ofterwarda. On aome eventa a preliminary reconatruction by the 370E emulatora
waa done betöre aending to save the IBM CPU time. The preliminary event reconatruction
was performed by a speeial programme called FOREST (CAS81J.

In the firat atep of the «vent analysu on the IBM main frame Computer, an event waa
reconatructed by the programme FOREST (if there was not enough time to do it on the
370E emulatora) and if thia programme found at leaat 3 tracka in the R—<f> plane, all of the m
with |do| < 2.5 cm, and if at leaat 2 tracka could have been found in R — $ — z apace with
l^o| < 2.5 cm and \z0\ 15 cm the event was paaaed on to be reconatructed by a programme
called MILL (CAS31], which ia a more etaborated Version of programme FOREST. MILL
takes into account alao the R — <p Information coming from the CPC and haa higher single
track reconstruction efticiency, which amounts 07% for all tracks with p^ > .1 GeV/c.
FOREST reconatructa tracks with p^ < .226 GeV/c with an efficiency of 40%, tracka in
the ränge .25 GeV/c < p„, < .75 GeV/c with an efticiency of 88% and the remainmg
tracka with an efficiency of 95 -ä- 98% The r.m.s. of the relative momentum reaolution of
the DC+M1LL waa ar}p = 018\/Y+ p3, wher« p ia the track momentum in GeV/c The
angular reaolution waa typically a+ = 4 mrad in the azimuth and a& = 6 mrad in the polar
angle (TASÖ4J).

After füll MILL reconatruction, charged tracka were accepted if they satianed the
following requirementa.

1.) three dimenaion&l reconatruction;

2.) |dö| < 6 cm;

3.) P*, > .1 GeV/c,

4.) |coa0[ < .87;

5.) |*o — 2,\ 2U cm, where z. ia the z coordmate of the event vertex calculated wi th the
tracka paaaing the above requirements
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A hadronic event waa required to fultill the following conditions (one should keep in mind,
that only charged particlea were taken into account):

1.) at leaat 6 (4) good tracks for a center-of-masa energy W > 27 GeV (W < 27 GeV);

2.) the effective mass of the 3 particle System in eventa with l and 3 (W < 15 GeV) or 3
and 3 (W > 15 GeV) particlea in each hemiaphere (defined by the aphericity tenaor)
leaa than the T maaa;

3.) for W < 15 GeV, at leaat one track in each hemisphere (defined with the beam axis)
and | E <3| < 3, where Q is the particle electric charge;

4.) U, | < Ö cm;

5.) the momentum aum of accepted particle £} p had to aatiafy £ P > -235 • W,

Eventa paasing all the above cuta were scanned independently by two members of the
TASSO collaboration to reject eventa with artefact tracks, shuwering high multiplicity
ßhabha eventa or beam-beam pipe mteractiona eventa.

In thia analyaia m addition to the mentioned above cuta in the detenmnation of the
event &xis related quantitiea auch aa e.g. p^ to auppresa eventa with the hard photon radia-
tion in the initial atate, it waa required that | cos ©„ { > 0.20, where O„ ia the angle between
the normal to the event plane and the beam direction. To ensure a large acceptance for
the particlea in the jeta, all quantitiea which depended on the event axia were determined
by using eventa with |cosÖST]p| < 0.7, where &S.T.P i* tne angle between the aphericity
or thruat, or Parisi tenaor axia and the beam direction. To avoid fluctuations in the event
ahape variable distributiona all particle momenta which were reconatructed to be large r
than 1.5 pttam were reacaled (conserving the direction) to be equal to 1-5 /?*<„„,

3.4.3 Lunünoaity

The luminoaity determination was baaed on the meaaurement of the Bhabha event rate
at a amall polar angle, where the ßhabha croaa aection ia large It was performed uaing
the forward detector {HIL80, JOC84J. The luminoaity trigger required at leaat one out of
eight poaaible coincidences of a H and a S counter paira and the correaponding H and S
pair oppoaite to the interaction point (Fig. 3.11 and 3.12).

The luminoaity waa computed, baaed on the QED Monte Carlo calculationa of the
Bhabha croes eection up to the Order of a3 [BER73.74] for the apecifk detector configu-
ration taking into account the A counter event rate. Becauae of the high eveut rate the
statistical error for the luminoaity meaaurement waa negligible The hat below ahowa the
eingle contributiona to the syatematic error:

1.) accidental coincidencea ±2.0%;

2 ) ahowering in the material of the beam pipe and colliinatora ±'2.Q%,

3.) miaaing higher order QED c rosa-aection corrections and Monte Carlo statiatica ± l .3%;

4.) geometrical alignment ±1.0%;

5.) ahowering in the material of the A and C counters ±.5%;

6.) beam position and inclination uncertaintiee ±.5%;

7.) backward acatlering from the S countera ±.2%;

8.) magnetic fleld inhoinogeneitiea ±.15%.
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The total ayatematic error eatimated by adding the dilferent contributiona quadratically
amounted to be about 3.6-4.6%.

The luminosity waa also derived from the wide angle ßhabha acatlering registered
by the tracking detectors (CPC and DC) (TASo8a] The coplanar PREPRO trigger was
demanded. The followiog cuts were uaed to aelect a wide angle Bhabha event:

i.) two oppoaitely charged tracka;

2.) acolineatity angle c between the two track« { < 10*;

3.) |cos0| < .8 for each track;

4.) p > .2 -pt,.m for each track and £p > -7 - pt.*m;

6.) the vertex of bot h tracka h&d to matcb th« nominal int«raction point within .6 cm
perpendicular to the beam and 7.6 cm along the beam;

6.) the time-of-flight for each track to be within -3.0 > tmi" - t'"*'ett* > 2.0 na.

The overall ayatematic uncertam'ty for the luminoaity determined with thia method was
3.0-3.5%. The final luminoaity was caiculated oa an average of resulta of the two methods.
Since both of them agree, a aystematic error of 3% waa usumed [TASÖÖa].

CHAPTBR 4

Monte Carlo Event Generators

4.1 Hadronic Event Generators

Tocorrect the data(aee aubaect. 7.1.1) the Lund LLA+O(a,) Monte Carlo programme (see
aection 1.2) w&a uaed to produce aets of Monte Carlo eventa at all center-of-mtus energiea
studied. To eatimate ayatematic errora reaulting from the Monte Carlo event generator,
aecond aet of Monte Carlo eventa was produced with Lund O(orJ) Monte Carlo.

Sine« U u important that the event generator reproduces the data it U uaed to correct
for, aonae parametera of the Monte Carlo were adjuated to get an agreement between
the data and the Monte Carlo. A tuning method eimilar to that of a prevtoua TA SS O
publication [TAStt4a] was applied. Because at the buginning of the tuning tbere were no
corrected data at 44 GeV, a aort of iterativ« procedure was applied to obtain a eatiafactory
set of Monte Carlo eventa at thia energy. Since at the time when the work waa atarted
Lund O(aJ) w&a already a well eatabluhed coJe und the Lund LLA + O(a,) WOB an rather
freah Option, it waa originally decided to uae the Lund Ü(a^) Monte Carlo.

One ahould atreaa, that the Monte Carlo waa used flrac of all äs a looi to obtain the
corrected data and not to determine coupling conatanta or otlier parametera.

The Tuning Procedure: The tuned parametera were: The QCD acalc Parameter A^r, <rf

t h* r m.a. of the Gauaaian p± quark apectrum and the paramelera a and bot the aymmetric
Lund fragmentation function. Thia function was used für the light quarks only. For 6 and
c quarks the Peteraon fragmentation function [PET83]

waa used, wh«re z ia the fraction of remaming £ + p„ (energy plus longitudiual momentum)
taken by & hadron. Two eeto of ee and et were tried wtiile perform i ng the fit» dencnbed
below, namely cc = .07,ct = .01 and tc = .05,et = 006. Uoth aeta had valuea cloae
to the measured by TASSO values [TASäia. TASä4b|, but the forme c waa givmg better
description of the data and waa uaed in the further analyaia In fit a wi th the Symmetrie
Lund fragmentation function used for 6 and c quark« the \ of the fit waa of about 20%
higher than with the Peteraon fragmentation [unction.

Since, aa mentioned before, there were no corrected data at 44 GeV, the tuning of the
Lund O(a?) Monte Carlo wa» atarted with the old TASSO 34.Ö GeV corrected data uaed
for the atrong coupling conatant atudiea (TAStMa).
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ter2) , namely IjNdNfdQj.

The aame diatributions aa in that atudy were coaaidered (for definitiona aee Chap-

i/N dN/dL?, 1/ftdN/dLi, l/altt da/dpl?.\,

,, l/at.,do/dif , where Sor P denotea

p i caJculated with respect to the aphericity tenaor axia or Pariai tensor axia.

First, a lattice of 4 x 4 x 4 points in the A^. a and at space waa produced. (For
thia preliminary ßt Parameter 6 waa left at the default value uf .70) Für every lattice

point 4000 Monte Carlo eventa at a center-of-maaa energy of 34.6 GeV were generated
(in s way to be consiatent with the "corrected data", aee aubsect. 7.1.1) and the above

mentioned diatributiona were calculated. The content of every bin of every distribution
wao parameterized by a aecond order polynomial in A^, a and fff , whose Parameters were
choecn to give a good deacription of the Monte Carlo data. The value» for Ar:?, a and

o, were obtained by a aimultaneoua fit of theae parameterizationa to all the above liated

diatributiona, with the minimization prog ramme MINU1T (JAM76] The linear momentum

dependence in Pariai tenaor and the quadratic momentum dependence in the aphericity

tensor ahould guarantee an Overall good Agreement between the data and the Monte Carlo.
The following valuea of parametera were obtained:

Avis = 57 GeV- a = -

Next. Lund 0(aJ) Monte Carlo with these Parameters was run at 44 GeV to produce

about 6500 eventa, which were followed through the MONSTER detector Simulation de-
acribed in the next chapter. Thia Monte Carlo event sample was then used to obtain the
preliminary corrected data at 44 GeV.

In the next step, a 4 x 4 x 4 lattice of Monte Carlo points in the A^j, a and at

apace waa produced, thia time at a center-of-maaa energy of 44 GeV. Again the aame

diatributiona were uaed for the tuning and the best parameter valuea were obtained. Thia
time theae were

Ajjs = .70GeV, a = .06, <r, = .400 GeV/c.

AB one can aee, the A^jg- value went up aigniticantly. Next, theae parametera were uaed

to produce a iarge number of eventa (about 3000O before the aelection cuta), again uaing
MONSTER detector aimulation.

At thia etage also background eventa deacribed in the next aection were odded to the
sample of eventa öfter the detector aimulation and the aecond veraion of the corrected

data at a center-of-maaa energy of 44 GeV waa obtained. To obtain next veraion of the
corrected data the following was done: A four dimenaional 4 x 4 x 4 x 4 grid of Lund

O(or() Monte Carlo pointa in the A^-, a, 6 and <7, apace waa produced at a center-of-maaa

energy of 44 GeV. Again the tuning was performed, this time uaing the aecond vereion
of the corrected dala (with the background correction included). The following valuea at

parametera were obtained:

A j ^ - = . 7 4 G e V , a = 1.10, fr = .<J4. at = .420 GeV/c.

The Lund O(a') Monte Carlo with theae parameter value waa run again to produce final

(with thia Monte Carlo generator) sample of abut 30000 hadronic eventa before selection

cuta. Theae eventa, together with forme r ly produced b&ckground eventa. were applied to

produce the third version of the corrected data at 44 GeV.

33

To b« able to eatimate the syaUmatic errora coming from the Monte Carlo generator

employed, the Lund LLA+O(a,) Monte Carlo waa tuned, uaing this third version of the

corrected data. The following valuea of the parametera were obtained:

ALI* = -44 GeV. a = .87, 6=1.05, of = 371 GeV/c.

The eame number of hadronic eventa äs with Lund OforJ} Monte Carlo waa produced with

thia Lund LLA+O(a,) Monte Carlo (in all c&aea uaing the Peteraon fragmentation function

for 6 and c quarka with ef = -07, «t = .01.

After a compariaon of the data aa meaaured with the TASSO detector with the fully

aunulated Monte Carlo eventa waa done, it waa realized, that indeed the Lund LLA + Ofa,)

waa deacribing the data better than the Lund O(o^) (aee Table 03). After stating thia

th« Lund LLA+O(a.) Monte Carlo waa run at 14, 22 and 35 GeV center-of-maaa energiea

alwaya uaing the aame parameter äs for 44 GeV, namely:

&LLA = -•** GeV, a = .67, 6=1.05. o, = .371 GeV/c.

The agreement between data and Monte Carlo waa always good (see Table 5.3).

1t waa also checked, that the Lund O(u^) programme with the parametera aa from

the fit at a center-of-moaa energy of 35 GeV:

AMS = '57GeV- a = 'Si- ", = -412 GeV/c

waa properly deacribing the data at 35, 22 and 14 GeV. The old [HOY79] Monte Carlo waa
alwaya giving much worae resulta aa compared to both Lund O(aJ) and Lund LLA+O(a,)

Monte Carlo. At each center-of-maaa energy background eventa were added to the hadronic

eventa.

The following t&ble (Table 4.1) ahows ßnal parameter valuea of Lund O(aJ) and Lund
LLA + O(a,) program* uaed at each center-of-maaa energy. The number of eventa produced

are alao ahown.

4.2 Background Event Generators

Poaaible background to the hadronic proceaaea waa a Ire ad y eutimated in [TASö2b, DAU8Ö]

The only aignincant contribution to the background waa identified to originale form the

e+e~ —f e*c~fi —* e+e"hadrona (thereafter denoted aa 77) and e+e~ —• T+T~ (thereafter
denoted aa r+r~) proceaaea.

To obtain the proper number of 77 and r"V~ eventa paasmg hadronic cuta. Monte

C&rlo event generatora [BER84, YOUäOb] were uaed.

One of the important parametera characterizing the ~jt procesa is the invariant maaa

of the produced two photon aystem W-,-, 1t ia clear, that eventa with amall Wyy have

small chance to pasa the 5*th hadronic cut mentioned in aubsecl. 3.4.2 (Dp > .205 • IV).
It ia also obvioua, that eventa with amall Wy-, will have rather amall multiplicity Becauae

of theae reasona the minimal invariant masa of the two photon syatem Wyymin in the TY

Monte Carlo generator waa chosen auch that (V7im,„ < 0.5 .285 W/0.6 (06 to account for

miaaing neutrale (TAS84j).) It waa checked, that the number of evenU with W1T < VV>>mir>

passing the selection criteria waa negligible.
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Table 4.1

Number of eveiite produced and parameter Valuta of Lund O(a,) and Lund
LLA+O(a,) pro g rums used white correcting the data at 1V = 14, 22, 35 and
44 GeV.

A.LL*{GtV\

6

». IG«V/C]

A^[GeV]

a

6

ff, [GeV/c]

N* of MC events

N" of data eventa

H GeV 22 GeV 35 GeV 44 GeV

Lund LLA+O(or.)

.44

.87

1.06

.371

44

.87

1 05

.371

.44

.87

1 06

371

.44

.87

1 05

.371

Lund 0(a»)

.67

.96

0.70

.400

12740

2704

.57

.96

0.70

.400

6450

18*9

.57

.96

0.70

.400

75120

31176

.74

1.10

0.84

.420

30560

Ö2Ö9

In the T+T Monte Carlo generator the r decay modea were aet according to the
(PDGSS] and the exclusive brauehing rat i o« wece rescaled to matcb on the topological
branching ratioa.

At each energy a number of background evenU waa produced, which correaponded to
the number of hadronic eventa produced and to the cro*a lection ratios. The foliowing
percentage of 77 and r"*"r~ eventa wa« found to contaminate the hadronic sample after
eelection cuU (Table 4.2). The numbera are in agreement with those preaented in (TAS82],
but BÜghtly disagree with those in [DAU80]. Part of the difference may originate from the
fact, that the detector Simulation w&a different in botb analyse«.

The 77 and T*T~ eventa populate epecific kinematic regiona. These are inoslly Iow
multiplicity (T+T~ and 77) and Iow £pc*«,j.j (n) eventa.

The tighter hadronic cutB deachbed in Chapter S and Bubeect. 7.1.2 made to estimate
ayatematic errora should preferentially remove 77 and r+r~ eventa, so one can hope, that
the uncertamty originating from theae proceBBea fihould be eetimated pruperly
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Table 4.2

The background contamination in hadronic event sample from T*T~ and 77 pro-
ceaaea.

proces

11
T-»T-

V

14 GeV

0.59% ± 0.08%
1.23% ± 0.12%

1.83% ± 0.14%

22 GeV

1.51% i 0.15%
1.15% ± 0.14%

2.66% ± 0.21%

35 GeV

1.46% ± 0.05%.
0.85% £ 0.04%

2.31% ± O.Ü7%

44 GeV

1.34% ± 0.08%
0.94% ± 0.07%

2.28% i 0.10%

4.3 Radiative Corrections

In all the Monte Carlo generatora ueed, when they were run with radiative elfecta awitched
on, the Programme baaed on the work of Berend* and Kleies [BERäl] w&a applied.



CHAPTER 5

Carlo Detector Simulation

5.1 Introduction

The main difficuHy with the correction of the data at a center-of-mass energy of 44 GeV
wa« the fact, that thia was the limit of the beam energy achievable by PETRA. The cunning
conditiona were unfavorable. The Synchrotron radiation and beam-beam pipe event rate
waa high, which led to high background. The tracking chatnbera had a high current and
t h« r* were many noiac hlte. All that led to Borne double if the exiating Monte Carlo detector
Simulation prepared for the "clean" Standard conditions waa still givmg good reaulta at
44 GeV.

In order lo anewer thia question the noise, efficiency, epatiaJ reeolution and cro&s-talk
of the central tracking chambers were inveatigated and tbe obtained results were used
to improve the exiating Monte Carlo detector aimulation. The ao called r an dorn trigger
eventa {explamed further in this chapter) were overlaid with tbe generated Monte Carlo
eventa to reproduce the detector reaponae at the 44 GeV runmng properly (ae auggeated in
[MAE»5]). The exact procedure and reeults of the mentioned investigationa are sketched
below, preceded by a ahort deacription of tbe approphate routinea of the used Monte Carlo
Programme.

5.2 MONSTER

The TASSO detector Simulation Programme MONSTER {MONST] worked äs follows: Jt
took an event aa produced by an event generator, «g. by Lund O(«*), then it placed the
event vertex in the right poaition of the TASSO detector frame, taktng uito account the
beam poaition and ite omearing. Afterw&rda, it tracked the particlea atep wiae through all
the componenta of the detector, in small Btepa in the inner part (meide the magnet coil) and
in big atep« in tbe outer part (outaide the coil). MONSTER atlowed Tor multiple acattering,
energy loaa, photon converaions, nuclear inter&ctiona and decay of the particlea. After all
the particlea or their decay producta were tracked through all the detector componenta,
the programme aimulated the detector reaponae conaidering reeolutiona, emcienciea, croas-
talka and noiaea. Although the programme waa fairly aophisticated, it did not siraulate the
Synchrotron radiation and beam-beam pipe events, It did not allow for delta electrona,
light emission, and photoelectrona either. (Resulta of an inveetigation of aome of the above
effecla m the VXD can be found in (SU86J). The noiae was eirnulated only by generating
uncorrelated hits with a random pattern and frequency.

37

5.3 Detector Studies at 44 GeV

In order to find the efficienciea, resoiutiona and the noise for the 44 GeV runmng, the
TASSO detector reeponse was investigated. Since in the etudy preaented in this theaU the
decision was taken to work with charged pari ick B and to use reiulta of the MILL Uack
reconstruction programme, only the central drift chamber and the central proportional
chamber were ioveetigated.

0.3,1 Noise inside the DC and CPC

The examination of the tracking devices begun from the noioe atudy. 1t was done by
analyaing of about 13000 random trigger eventa. Since the random trigger event ia a
rather specitjc not km, )t will be explained briefly now. This is an event laken at a beam
crossing, which was choaen by a random number generator. Ae pointed out in aubaect. 3.4.1
the number of bunch colheions in one inUraction region in PETRA was of the order of
1010 per day. The corresponding total number of all the Bhabha, 77, hadronic, p*p~ and
T+T~ eventa waa of ihe order of 103. From compamon of these two numbers one aeea,
that a random trigger event ahould be predominantly an "empty" event. It was believed,
that auch events would carry an Information about the Synchrotron radiation, beam-beam
pipe interactiona and the noiae in the chambera and in the electronica, i.e. all ihe proceases
which were difficult to simulate numerically.

The investigation has ehown, that the detector response waa very different from event
to event. There were "quiet" eventa with about 44 hit wiree in the DC and 36 hit wirea in
the CPC on the average and "noisy" eventa (defined here by the overflow in an hit atorage
bank for the CPC) with aa average of 87 and 337 hits in the DC and CPC correspondingly.

Fig. 6.1 ahowa two complicated random trigger eventa (coming from the "noisy" event
sample). One can aee many series of consecutive hits, hits coming from tracks usually
originating far from the expected interaction point and of course one can observe very
atrong correlationa among the hita and correlations between the hits in Ihe CPC and the
DC.

Tbe angular diatribution of the hits in the random trigger events for the first and laat
layer of the DC and in the first and second layer of the CPC are nhown in Fig. 5.2. The
distributions for the third and the fourth layer of the CPC (not ehown) are influenced
moatly by the hardware cut on the length of tht hit etorage bank for the CPC: The total
etored number of the anöde wire hits togetber with the cathode hits could be no more
tban 400. The cut waa throwing away good anöde hits when the running conditiona were
"noiey" (aee e.g. Fig. 6.1).

In Fig. 6.2 one can eaaily obaerve the Synchrotron radiation pattern bot h in tbe DC
and in the CPC. "Hot" and "dead" wires can be seen also.

All these reaulta ahowed, that it waa diflicult to simulate all these featurea numerically
and probably the best idea was to overlay tbe random crigger eventa with Monte Carlo
eventa, in order lo reproduce all the characteristica properly. Therefore, a special routine
was written to take care of thia overlaying. The routine was also timulating the hardware
cut on the length on the hit storage bank for the CPC and Ihe Bingle hit electronica
feature in the DC. An example of a random trigger event overlaid with a simple Monte
Carlo Bhabha event is ahown in Fig. 5.3



Fig. 8.1. Two random trigget events. W=42.7 GeV ("noisy" event aample, aee
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Fig. 6.2, The angular dbtributionöf the hita in the random trigger event sample
in the 1-at and 0-th 0* layer ol the DC and in the 1-ot nnd 2-nd leycr of the CPC
at W=44 GeV. On the abaciasa the wire number 10 shown. on each figure the
ränge corresponds to 2*.
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6.3.2 Efflciency of the CPC and DC

After Implementation of the overlaying of the random trigger eventa with the Monte Carlo
events, the efficiency of the DC and the CPC in the hadronic eventa waa atudied. MILL
tracka with \d0\ 6 cm, 44. 4 GeV > pw > .1 GeV,|coaö| < .75,)zo| < * cm were uaed.
A special efficiency routine waa written to aimulate the efficieacy of both tracking devicea.
The Fig. 6.4-5.9 show efficienciea of the DC and the CPC. together with the resulta of
the Monte Carlo Simulation, obtained ueing the new noiae and efficiency routinea. One
can see, that there were some BignJficant mefficiencies in the (M h U* and 2-nd and 4-th
Stereo DC layera and in the 4-th CPC layer The decreaaing efficiency of the CPC with
the increaaing layer radiua waa cauaed mainly by the CPC atorage bank cutoff and ia alao
etrongly influenced by the noUe intenaity in the considered data sample. One aeea, that
the diatributiona are aatisfactorily reproduced by the Monte Carlo routinea

6.3.3 Reaolution of the DC

Fig. 6.3, An eimulated Bhabha event with an overlaid ran dorn trigger event.
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The next item in the detector atudy waa the reaolution inveatigation. But before it waa
done, the beam poaition and ita apread for the conaidered running period were incorporated
into MONSTER, using the reaulta deacribed in (LOE87).

The reaolution of the DC waa atudied uaing MILL tracks from two pro n g eventa (these
weie moetly Bhabha evecta). The tracka had to fulfil the following conditiona: \d^\
2 cra,|Ado| < 2 cm,44.4 GeV > pv > 5.0 GeV,|cos01 < .75,|z0| < 5 cm,|Az0| < 5 cm,
be back to back within 20" and have hita in all the 15 layera of the DC.

Aa a measure of the reaolution two kinds of reaiduala were employed: 1. the diatance
between the hit poaition and the track, which the hit is associated with (du — d^); 2. the
difference between the diatancea between the wire and the hit and the wire aad the track
(^WH ~ dvvr) The firat one (1) ia very well auited to atudy the drift c h amber layer
alignment and the aecond one (2) to study the drift time-diatance relation Table 5.1
• howa residuale in the conaidered data sample from the 44 GeV running, compared with
resulta obtained with a Monte Carlo sample with the Gauasian amearing of the "true" hit
Position of 30Ü pm. Fig. 5.10-5.11 ahow the reeiduala for aome aelected DC layera. One
can aee that there were aome problems with the drift time-diat&nce relationa in the 6-1 h
and 7-th U* layera and in the 5-th and Ö-th atereo layera, which for the Ö-ch and 7-th 0*
layer ia visible äs a shift of about 300 um on Fig. 5.11. Except for the problema with the
drift time relation the Monte Carlo reproduces the reaulta quite well.

6.9.4 Croas-talk in the DC

The laat item in the detector inveatigationa waa the crosa-talk atudy in the 0* layera of
the DC. Alao thia atudy waa performed uaing the two prong eventa mentktned above with
additional requirementa, that the eventa were "quiet". Thia time it tneant uo more than
10 hita per DC layer, no more than 20 hita per CPC layer, no more than 4 cluatem with
2 or more hita in the 3 conaecutive wirea, no more than l cluater of 5 consecutive hits. no
cluster with 7 or more hita in 12 conaecutive wires in a amgle DC layer These criteria
should leave the events with the real cross-talk hits and remove the noisy events.
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Fig. 5.4. The efflciency of l-»t-4-th 0' layera of the DC at W=44 GeV On the
abscissa the wire number is shown, on each ßgure the ränge correeponds to 2is.
Dotted line descnbea the data, füll line deacribes the Monte Carlo Simulation.

43

300 nO 1170 IM O

Ellici.no ot U» fi-U D* DC l»*r

«BÖ MO I M O i«o
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Flg. 5.». The efficiency of S-th-8-th 0* layer« of the DC at IV=44 GeV. On the
abscisea the wire number is ahown, on each figure the ränge correaponds to 2ir
Dotted line describee the data, füll line deecribes the Monte Carlo Simulation.
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Fig. 5.0. The efficiency of 9-th ü* and l-at-3-rd Stereo layera of the DC at
IV=14 GeV. On the absciBaa the wire number ia shown, on each figur« the ränge
correspondB to 2ir. Dotted line describcs the data, füll line describea the Monte
Carlo Simulation.
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Flg. 6.7. Tht. efficiency of 4-th-6-th ttenjo layers of ihe DC at W=44 GeV. On
the ttbscissa ihe wire number is ehown. on each figure the ränge correapond* to
2*. Dotted line describei the data, füll line describea the Monte Carlo Simulation.
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Fig. ft.10. Distributions of the [dH - dT) reaiduala (in ^m) in the 1-st. 6-th and
7-th 0* antl the 2-nd atereo loyers of the DC.
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Fig. 5.11. Diatributiona of the (dwn — dyvj) reaiduals (in /*m) in the 1-st. 6-1 h
and 7-th O'and 2-nd atereo layers of the DC.



Table 6.1

DC reaiduala (r.m.s. in fim) in two prong eventa, MUX tracka, 16 hita per track,
(1-9 are the 0" layera and 10-16 are the atereo layera).

DC l&ycr

1
2

3
4
5
6
7
8
9

lü
11
12
13
14
10

DATA

du - dr

21Ü
245
254
28U
266
335
356
250
101
265
291
301

31C
373
31Ü

dwH - d\VT

207
245
252
278
257
256
256
252
191
264
291
298
305
330
27Ü

MC

dn ~ dr

t\t

266
271
269
261
267
270
257
172
267
311
306
307
302
247

d\\H ~ Ju'T

212
266
271
269
261
267
270
257
172
260
3U6
302
304
301
246

oppoiitc cc

The croaa-talk was atudied by looking for additional hita in the neighborhood of hita
aaaociated with a track which croeaed a layer. Th« terminology uaed in this aubaection ia
explained in Fig. 6.12.

The following plots (Fig. 6.13) ahow (for the 6-th layer aa an eitample) the probability
of Unding a hit in the cell adjacent lo the cell croaaed by a track (when there was a hit
in thc cell croaaed by the track) veraua the diatance wire-track. The diatance hit-wire for
the adjacent hit versus the diatance hil-wire for the hit aaaociated with the track ia alao
ahown. The reaulta indicate, that the croa^-talk, if any, waa very B mall (» 2%), there were
no aignificaut correlationa betweea the track poaition and the croaa-talk probability and
between the track poaition and the croaa-talk hit poaition.

Table 6.2 ahows the exclusivc (in the aenae. that one caae can enter into one column
only) probabilitie» of ßnding & hit in the adjacent cell, in the oppoaite cell and in bolh
cella (aee Fig. 6.12). The mimbera are small, the probability w&a about 2% and waa falling
with the layer radiua, which indtcatea noise and/or Synchrotron radiation aa the origin of
those hita. There waa a amall difference between the probabiütiea for the adjacent and the
oppoaite cell (» .3%) indicattng th&t there waa aome croaa-talk. which ia atao indicated by
the probability of having both neighbour cell hil, which ia about .2% too big aa compared
to the pure noiae hita. The compartaon of the above numbers with the probability of
Unding a hit in a cell in the •peciftc layer in a correaponding sample of random trigger
eventa indicatea that the croae-talk itaelf waa a .6% in the adjacent cell, s» 25% in the
oppoaite cell and a .13% in both cella. In the Monte Carlo Hample, which was analyaed
to obtain the reaulta preaented in the Table 6.2 th« croaa-talk was aasumed to be .3%, .0%
and .0% correapondingly.

4.3.S TASSO Detector Response and the improved MONSTER Monte Carlo

After all theae inveatigations had been finiahed and all the results had been imptemented
into MONSTER, compariaona were made to check the quality of the detectcr aimulation.

Beaide compariaona »hown betöre (for efficiencies, reaiduala and croaa-talk), compar-
iaona of the number of hita per track in the data and in the Monte Carlo event aamplea
were made. The reaulta for th« two prong events are shown on the Fig. 6.14-6.16. The
agreement between the data and the Monte Carlo ia very good. The aarne plota were made
for the hadronic eventa (Fig. 6.1T-5.1Ö). Here the agreement la worat. but it ia equally
good or perhape even better than for the old detector airrmlation for the quiet 35 GeV
running (Fig. 5 20-5.22). The diaagreement comea probably frum the lack of Simulation
Of i-electrona, light emiaaion and wrong dnft time-diatance relation for aome of the DC
layera.

Thia enda the deacription of aome aapecta of the delector aimulation used for the
44 GeV running. At 35 GeV the aamc routmes were used, at 14 and 'Z'Z GeV the old
Monte Carlo [MONST] waa uaed.

Fig. 6.12. Picture explaining the terminology used in the croas-talk investiga-
tion.

51



OB l tt 24 3.3
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Fig. 8.13. Resulta of the cross-talk inveatigationa in the 5-th 0* l&yer of the DC.
Top: Average croaa-taJk probabüity in the drift cella &a a function of the track
poaition, The abaciaaa ränge corresponds to the füll cell width of 3'2 mm. The
wire poeition W marked with 1.6. The dotted line deacribes the data, the füll
Une u baaed on the Monte Carlo Simulation. Bottom: C'orrel&tion between the
poaition of the hit asaociated with the track and the poaition of the hit found in
the adjacent cell. Zero corresponcU to the poaition of the field wirea {aee Fig. 3.10)
between ihe cella. Srnall dota deacribe the data, the big dota deacribe the Monte
Carlo Simulation,

TabU 6 2

Crow-talk probabüities for the 0* DC layera at W=44 GeV.

DC layer

1
i

3
4
5
G

7
S
0

DC layer

1
2

3
4
5
6

7
8
9

Iii|iiit:

prubabüity in L7i

DATA

adjiiceul cell

3.81
2.SC
2. 30
2.20
1.95
1.82
1.91
1.8C
1.6Ü

op]>usitc (v 11

3.4S
2.55
2.04
1.92
1.79
1.6C
1.62
1.63
1.6C

both ct-lU

0.4ß
0.22
(J.15
0.13
0.09
008
0.18
0.11
0.23

MC

atljaceiit oell

3.30
2.67
2.11
2.07
1.78
1.71
1.64
1.71
1.05

0.30

opi>osite Cell

2.89
2.30
1-69
1.48
1.52
1.28
1.34
1.53
1.10

0.00

tolli i-cll-s

0.23
0.07
0.12
0.05
0.09
0.05
003
0.00
0.02

o.ou
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Fig. 5.14. Number of hiU aaaociated with the tracka m the two prong event
sample at W=44 GeV in the 0* and »tereo layer« of the DC and in the CPC. The
dotud line descnbea the data, the croeaea deacribe ttie Monte Carlo Simulation.
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Fig. 6.16. Number of unasaociated hite in the two pcong event eample at
W=44 GeV in the 1-at and 9-th 0* and l-st and 4-th stereo layera of the DC. The
dotUd line describea the d&ta, the crosaes descnbe ihe Monte Carlo limulation.
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Fig. 5.16. Number o( unasaociated hita in the two prong event «ample at

IV=44 GeV ID the 1-at and 4-th layer of the CPC. The dotUd line describea

the data, the croaeea descnbe the Monte Carlo Simulation.

Fig. B.17. Number of hiu astociated with the tracka in Ihe hsdronic event sam-

ple at W=\l GeV in the 0* and atereo layera of the DC And in the CPC. The

dotted line describea the data, the crosaea describe the Monte Carlo Simulation.
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Fig. 6.18. Number of unassociated biti in the hadronic event sample at

IV=44 GeV in the 1-at and 9-th 0* and l-«t and 4-tb atereo layers of the DC- The

dotted line deacribes the data, the croeaee deacribe the Monte Carlo Simulation.

Fig. 6.10. Number of unaeaociated. hita in the hadrouic event sample at
W=44 GeV in the 1-at and 4-tb layer of the CPC The dotted line deachbea

the data, the crosaes deacribe the Monte Carlo Simulation.
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Fig. 6.20. Number of hiu aaaociated with the track« in the old hadronic event
sample at W=35 Ge V in the 0" and atereo layera of the DC and in the CPC. The
dotted line describeo the data, the croaaes deacnbe the Monte Carlo Simulation.
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5.4 Comparison of the Data and the Monte Carlo Re-
sults

60000

40000
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00

60000

40000

20000

00

0.0 20.0 40.0 600 600

H* öl uuuvcMlid htu in U» 1-it CPC Uj.r

100.0

AB it haa already been flhown. a quite good agreement between TASSO detector reeponae
and MONSTER detector timulation at 44 GeV waa achieved.

Fig. 5.23-5.20 and Table 6.3 show a compariaon of aome ("uncorrected") dietributiona,
aa meaaured with the TASSO detector, with the fully aimulated (includmg radiative cor-
rectiona, detector reaponae, event reconslruction and selection cuts) Monte Carlo eventa.
Fig. 6.23-5.2G ehow dUtributione of some of the variables used to make »election cuta (see
Bubaect. 3.4.2) for the 44 GeV data aampie, namely charged multiplicity n t», coa0„.ti.
particle momentum perpendicular to the beara p^ and Dp/Vf One seea, that deapite
norne am&ll diacrepancitB for nlA = 6, coBÖ)r.e4 a .78, pv = .2 the overall agreement be-
tween the dat« and the Monte Carlo ia good. Table 6.3 ehowa x*jd.o.J. for moat of the
uncorrected difllributiona preaenled in the conrected veraion in Chapter 7. Since, at each
energy the number of evenU in the Monte Carlo aample waa 3 timea (except 35 GeV where
only 1.7 timea) bigger tnan the number of the data eventa the \ are dominated by the
Btatiatical errora on the data.

While making compariBona of \ for two different energiea one shouid remember. tbat
the number of evente in the data ia different at different ctuter-of-masa energiea and lhat xa

increaae« with the event number. The number of eventa waa the aame for each generator.
The background ev«nta wer« included.

The overall agreement between the data and the Lund LLA+O(a,) Monte Carlo at
44 GeV ia good. Aa mentloned already in Chapter 4 (aee Table 4.1) the Lund LLA+O(a.)
Monte Carlo waa run with the aame parametera at all energiee and the agreement between
the data and the Monte Carlo was alwaya good. The agreement for the Lund O(orJ)
Monte Carlo IB atill aatiafactory, althougb two aeta of parametera had to be ueed (eee
Table 4.1). The old [HOY70] Monte Carlo ha» »ignifiont problemc in deocnbmg the data
at all energiea.

The distributions moat difflcull to reproduce were t hose dealing with transverae mo-
menta, xf and apUnanty.

The 44 GeV data are deacribed beat by the Monte Carlo showing importance of the
careful tuning, which was done-at t hie energy.

0.0 200 400 600 600

biu ia Itw 4-lb CPC )*j*i

1000

Fig. 5.22. Number of un&taociated hita in the old hadronic event aample at
lV=-36 GeV in the 1-st und 4-th leiyer of the CPC. The dotled line dcacribeo
the data, the crosaea deftcribe the Monte Carlo Simulation.
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Fig. &.2R. Uncorrected p^ dmribution at W=44 GeV. The poinla deacrib* the
tlata, Lhe füll line bliows the Monte Carlo prcdiction.
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Flg. 5.28. UncorrecUri Zp/^ diBtribution at W=44 GeV The point. d,«cribe
Ihe data. the füll line shows ihe Monte Carlo predictioo.



Table 53

X3 per degree of frtedom for aame uncorrected distributiona at W=14, 22, 35 and
44 GeV aa a nie äs u r t of ihe Agreement between the data aiid the Monte Carlo
Simulation. HO. LM and LL denote Hoyer (HOY79J, Lund O(aJ) and Lund
LLA+O(a,) Monte Carlo.

Ar

variable

"
fp
S
.4
T
C
D

• f>, -
•-- t,^

•' /'"',- -
••' J'!„., ••

H

14 GiV

HO

3.4
8.7
4.9
6.8
4.3
4.1
4.8
4.9
S. 5
3.4
2.3
3.7

LM

2.1
2.2
1.8
1.3
3.0
2.9
3.3
1.9
4.7

1.1
O.C9
i.y

LL

0.75
2.3
1.3
1.4
1.4
2.3
1.2

1.1

3.3
U. 05
U.öT
1.3

22 GeV

HO

2.9
4.6
3.8
6.1
3.8
4.6

5.6

3.4
4.5
2.1
3.4

5.1

LM

1.6
1.2
0.95
0.64
0.89
1.5

0.68
1.8
2.4
0.95
0.41
2,2

LL

0.37
1.2
0.57
0.99
0.33
0.88
1.0
0.87
1.9
O.S4
0.98
0.73

35 Gt-V

HO

17.
46.
2U.
57.
26.
27.
35.
28.
52.
34.
62.
39.

LM

5.2
5.8
1.0
6.0
2.4
3.5
6.4
6.9
11.
O.GO
9.4
9.3

LL

2.4
5.5
1.4

1.3
1.7
3.7
2.7
3.8
10,
1.1
4.3
2.G

44 Gt-V

LM

1.4
2,2
1.9
3.7 '
3.2
1.8
3.2
2,5
2.5
0.45
3.0
3.6

LL

0.99
1.5
11.68
1.1
2.3
1.7

O.SO

1.0
2.1
Ü.9G

1.9
1.4

CHAPTER 6

Total Cross Section

The total crosa section for the Annihilation m t o hadrons according to the reaction
e+e~ —t hadrona WOB determined by evaluating Ihe acceptance e for Monte Carlo eventa
with the radiative correction» (aee section 4.3) applied. The final rtsult was obtained by
the equation:

=

"'" + 6)

where L ia the collected luramosity and 6 ie the correction for tht: increase of the cross
section due to the radiative etTecta. The hadroinc croas a«ction is often expreaeed by ita
ratio R to the theoretica) croee aection at for the procese e+e~ — • n+ii~ calculated in the
Iowetit order of the QED without weak interactions Therefore

4» a*where at = ~3~~< ' ** lne 6Ruare °f 'be center-of-maes energy in units of GeV and a is
the ßne itructure constant. For the 44 GeV the reault ia

R = 4.113 ± .082 (stat.) ± .085 (ayst.).

The additional eystematic error of 3.0% commg from luminoaity measurernenl and 2,5%
{TASS2b, TAS84c] coming from m isain g • terma in the radiative correction calculations
ahould be added. The aingle coiitributione to the syatematic error coming frorn the changea
in the varioua cuta and conditiona are aummarized in the Table 0.1. The final reault in-
cluding all the errora reada:

R = 4.11 ± .19

1t ia in a nice agreernent wilh the resultB of other PETRA exptrmitnt«: CELLO 3.97 ±12,
W = 43.60 GeV [CEL-S7]; JADE 4.13 ± .21, W = 43 25 GeV [JAD81, JAD83, JAD85J;
MARK J 4 13 ± .24, W = 43.$2 GeV [MJ81, MJ86)*.

The H value for 14, 22, 35, and 44 GeV are preaented in Table Ö 2

* The data [rom the other experimenta were obtained by calculttting an averagc for the
data between 39 and 47 GeV.
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Table 6.2

Cornpanson of R

Table 6.1

ContribuIionB to the «yetem&tic error of R »t IV=44 GeV

Cut tu Comlitiun

du „ 3 cm

P„ _ -2 GeV

cos &iract\8

|:ir..fc - -'«H! V *5 Cl»

"th j7

^ > 3„• j i-J

irack liiggrr 011 in tlie MC
and Hack Iriggeih only in tlic DATA

Luild O(u; ) MC «s<-d lo calculale
tlie acceptance

Defüiill

^ 5 ein

2-1 GeV

<_87

< 20 cm

>5

>.265

all MC evciits
wild all triggers

Lund LLA-rO(a.)

Coiitiiltutioii

.45%

.21%

.63%

.51%.

1.1 C%

.11 VI

1.10%

.07%

W

14.03

21.88

34.62

44.70

14.03

21.98

3458

44.20

14.04

22.00

35.60

43.60

14.04

22.00

34.63

43.25

14.03

21 90

34.64

4382

R

4. 12 ±.06 ±.11 ±.16*
4. 12 ±.21

3.8ö± .09 ± .08 ±.15

3.86± .19

4.15± .02± 08 ± .16

4.15± .18

4.11 ± .Ü5± .08± .16
4.11 ± .19

4.14± .35

3.86 ± .24

4.08 ± -21

4.22 ± .26

4.01 ± .16

3 86 ± .16

3.97 ± .12

3.94 ± .14

4.11 ± .13

4 01 ± 12

4.13± -21

3.71 ± .20

356± 19

3 83 ± .20

4, 13 ±.24

Experiment

ihis evalualiOQ

old TA SSO

[TAS62b]

[TAS84J]

{TA$84c]

CELLO

JADE

MARK J

' The firsl error ia atstietic&l, the eecond U
äelection cut* and Monte Carlo, the third is
luminoaity meuurement and miaamg lerme
tioiio calculationo.

syetttnatic comiag from
eyatematic coming from
m the radial i ve correc-
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CHAPTER 7

Particle Moment u m Spectra

7.1 Introduction

The diatributiona aa meaeured with any real detector are not the "true" distributiona,
which could be measured with an ideal detector, which would detect parüclee without
Interacting with them, had 100% acceptance and would detect particlea in the moment
just after production and only t hose coming from tbe proceaa under atudy (here: e+e~ —•
tiadrons). The meaaured dütributiona are also not the "true" ones because the c o Di ding
poaitron and electron may radiale a photon and change the initial center-of-maaa energy.
Nevertheleaa one can try to make appropriate correctiont to get the distributions dose to
the "true" onee.

7.1.1 Corrections

The distributions presented in this chapter were obtained by correcting the measured
diatributiona for the initial B täte radiation (aee »ection 4.3), the background contamination
from r+r~ and 77 proceaaea (see aection 4.2), particle decays, the detector effecta (aee
Chapter M and the aelection procedure (eee eubeect. 3.4.2).

The exact correcting procedure waa aa followa: Firetly, a aet of W,cn eventa waa gen-
erated uaing a Monte Carlo programme (see aection 4.1) at a fixed center-of-masa energy
with no QED radiative correctiona, yielding the diatnbutiona n1t„(x) of charged particlea
for different intervala of the obaervable x. All the primary produced particlea or thoae
produced in the decay of particle« with the average lifetimea amaller than 3 - 1Ü~JO a were
conaidered. Secondly, botb hadronic and background eventa were generated including QED
radiative effecte and were followed through the TASSO detector Simulation programme,
generating hita in the tracking chambera. Energy loss, multiple acattering, photon conver-
sions, nuclear interactiona in the material of tbe detector and particle decaya äs well aa the
detector efficienciee, reeolutione, noiaei and croes-talkt were taken into account. The eventa
were t he n paaeed through the aarne track reconatruction and acceptance program« aa ueed
for the real data, yielding Ntlt accepted eventa, correaponding to the diatributiuna nitt(x).
For every bin "i" of every dietribution n(x), a correction factor C"(i) waa calculated ae:
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The corrected diatributiona n'tett(x) were then derived from the measured distributiona
n'mftl(x) with a total of Nmtf, eventa, uaing the fonnula.

7.1.2 The Statiatical and Systematic Errors

The ctatiatical errocs include the Statiatical errora on the data and the atatislical errora on
the correction factora. In the Monte Carlo sample with the radiative correctiona and füll
detector Simulation t here were 3 timea (except for 35 GeV were only 1.7 timee) more eventi
(after aelection cuta) than in the correaponding data sample Because, in the Monte Carlo
eample without radiative correctione and without detector etfecta there were 10-i-15 timea
(except 35 GeV were only 2.3 timea) more eventa than in the data eample, the atatintic&l
errore are dominated by tboee of the data.

At all center-of-masa energiea two typea of the aysitmatic errora were conaidered,
namely thooe coming from the differencee between the dala and the Monte Carlo and those
coming from l he type of Monte Carlo used The forme r were estnnated by changing the
selection cute (including the track triggering), whereaa the latter by taking the dirterence
between the corrected diatribution obtained with the Lund LLA+O(a.j and Lund O(aJ)
Monte Carlo.

Table 7.1 itemizea the conaidered syetematic error sources inrluencing the disthbutiona
of the etudied quantitiea. Por eacb bin of each diatribution and for the average valuea the
errors ahown für t he r in this chapter are the etatiatical and eyatematic errora combined in
quadrature.

7.2 Particle Momentum Spectra

7.2.1 Momentum Distribution

The normalized differential croaa aection l/atfi da/dp for the inclueive charged particle
production ia preaented in Fig. 7.1 and in Table 7.3. The cross section decreaeea ateeply
with moment um. The diatributiona become broader with the center-of-maaa energy. The
number of low momentum (p ** .25 GeV) particlea ia almost conetant with energy. The
energy dependence of the average momentum < p > ia ahown in Fig. 7.2 and in Table 7.2.
The average momentum riaea approximately linearly with energy.

There are aome diacrepanciea between the preeent reeult and the old TASSO reault
at energiea below 30 GeV [TAS64J}. They are quite sigiuficant in the nrat two bina of
Table 7.3. They are understood aa the efTect of an averaging procedure applied to the
correctiona in the paat: The correcting function van es rapidly in thia region and the
correction coemcienta differ significantly from 1. The function waa previously asaumed to
be too amooth [MAE»7p].
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Table 7.1

Cuta and conditiona used for syatematic errora eeUmation.

Cm ur Ot'iuiiiiim

t/i, _ 3 cm

l;» . -2 0V

|cosÖ, r i i r i - ' •_ .£0

\ ~ l , - - i - r i - i ! L lä «"

« ffc _ 'T(6)

| cos ̂ 7,5, P _ -C5

^ , 3
IV - 'J

track trigii^rs uii 111 t he MC
track lrit;gerb only in tlie DATA

Lund O(u') MC used for correcting

Dtfauli

du < 5 c 111

piir > .1 Gi-V

|costf (rut lj < .ö7

l* ir- i„rt | < 20cm

nch > 5(4)

|cos0r,s,H i .70

^ > .265

all MC eveiits
und all triggers

Lund LLA+O(u.)

Table 7.2

Average valuea of traclt and event paramelera. The errors are Btatietica! and
•yetetnatic combined in quadrature.

< 5 >
< .4 ~,
< r >
< c •>
< Z) >

< *•>
<PI >
< Pi >
- ^ >
<r i>< P!., >

14 GeV

0.221.2 r 0.0075
0.0613 ± Ü.0057
U.8499 ± O.OOS5
O.S355 ± 0.0099
0.246 ± 0.010
0.913 ± 0.016
0.771 ± 0.015
0.3466 ± 0.0056
0.1773 ± 0.0050
0.1 S66 ± 0.0060
(I.13S9 ± 0.0050

'*' P!,.. ' ' f.'J-l"0 - 0.0038

22 GeV

0.1528 ± 0.0075
0.0386 ± 0.0029
0.887C ± 0.0073
0.4324 ± 0.0083
0.1586 ± 0.0065 ,
1.211 ±0.022
1.004 ±0.023
0.3889 ± 0.0064
0.243 ± 0.012
0.256 ± 0.020
0.193 ±0.017
O.OC28 ± 0.0040

35 GeV

0.1155 ± 0.0047
0.0261 ± 0.0019
0.9079 ± 0.0045
0.3600 ± 0.0029
0.1127± 0.0044
1.590 ±0.013
1.436 ±0.017
0.4342 ± 0.0038
0.3339 ± O.OOC6
0.3425 ± 0.0075
0.26S5 ± 0.0075
0.0734 ± 0.0037

44 GeV

0.1053 -± U. 0035
0.0213 ± 0.0015
U.9157 ± 0.0049
0.3325 ± 0.0069
0.0947 ± 0.0023
1.833 ±0.020
1.661 ±0.021
0.4695 ± 0.0049
0.4175 ± 0.0095
0.418 ± 0.022
0.334 ± 0.023
0.0&34 ± 0.0037
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i- 14 GeV
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t- 44 GeV
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Fig. 7.1. Normalized momentutn disthbuüona l/a,fl da/dp (GeV/c) ' at
tV=M, 22, 3ö and 44 GeV. Th« linea only connect tlie pointo, The erroni are
statiatical and syatem&tic combined in quadrature.
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Table 7.3

Normalized momentum distributions l/atf,da/dp (GeV/c) '.
statistica) and syttematic combined in quadrature.

The errora are

P
(GeV/c)

0.1 - 0 2
0.2 - 0.3
0.3 - U.4
0.4 - 0.5
0.5 - 0.6
0.6 - 0.7
0.7 - 0.8
0.8 - 1.0
1.0- 1.2
1.2- 1.4
1.4- 1.6
1.6- 1.8
1.8- 2.0
2.0 - 2.2
2.2 - 2.4
2.4 - 2.6
2.6 - 2.8
2.8 - 3.0
3.0 - 3.5
3.5 - 4.0
4.0 - 6.0
6.0 - 8.0
8.0 - 10.0

10.0 - 12.0
12.0 - 14.0
14.0 - 18.0
18.0 - 22.0

<P>

14 GeV

5.76 i0.19
8.25 i. 0.51
9. IS ±0.30
3.99 ±0.31
7.46 ± 0.26
6.17 ±0.30
5.35 ±0.19
4.20 ±0.12
3.01 ±0.17
2.395 ± 0.090
1.864 z 0.077
1.328 ±0.077
1.097 ±0.081
0.904 ± 0.069
Ü.758 ±0.062
0.528 ± 0.059
0.398 ±0.051
0.318 ±0.042
0.230 ±0.019
0.147 i 0.023
0.0397 ±0.0055
0.00285 ± 0.00086

0.913 ±0.016

22 GeV

5.85 ±0.26
S. 16 ±0.39
9.49 ±0.34
8.77 ±0.28
7.91 ±0.44
7.23 ±0.45
6.30 ±0.36
5.10 ±0.20
3.88 ± 0.20
2.84 ±0.20
2.301 ±0.099
1.88 ±0.11
1.477 3:0.097
1.41 ±0.10
1.174 ±O.OS6
0.903 x 0.084
0.828 ±0.068
0.713 zrÜ.ÜCO
0.534 1 0.041
0.364 ±0.030
0.165 ±0.010
0.0402 ±0.0083
0.0118 ±0.0029
0.00050 ± 0.00028

1.211 ±0.022

35 GeV

G. 07 ±0.11
8.73 ±0.27
9. SS ±0.23
9.C6 ±0.21
8.74 ±0.17
7.92 ±0.15
6.94 ±0.10
5.735 ±0.098
4.514 ±0.086

3.647 ±0.064
2.993 ±0.057
2.545 ±0.058
2.131 ±0.032
1.787 ±0.029
1.585 ±0.027
1.399 ±0.027
1.213 ±0.032
1.056 ±0.023
0.874 ±0.016
0.652 ±0.015
0.3468 ±0.0058
0.1325 ±0.0030
0.0585 ±00016
0.0238 ±0.0012
0.0097 ±0.0012
0.00156 ±0.00055

1.590 x 0.013

44 GeV

5.95 ± Ü.20
8.74 ±0.18
9.56 ±0.26
9.55 ±0.27
8.62 ±0.24
7.98 ±0.18
7.10 ±0.19
5.93 ±0.13
4.831 ±0.098
3.9S ±0.12
3.267 ±0.090
2.747 ±0.071
2.39 ±0.13
2.112 ±0.071
1.804 ±0.060
1.598 ±0.059
1.401 ±0.061
1.291 ±0.053
1.033 1 0.033
0.805 ± 0.033
0.4459 ±0.0092
0.2000 ± 0.0061
0.0914 ±0.0044
0.0430 ±0.0044
0.0230 ±0.0018
0.00767 ±0.00066
0.00111 ±0.00021

1.833 ±0.020
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Fig. 7.2. Average valuei of the total (< p >>. transveree (< pr >) and lonji-
tudinal (< pN >) momentum äs & function of W. The curvea show predictiona
of the Lund O(o£) Monte Carlo tuned at 35 and 44 GeV and predictiona of the
Lund LLA+O(a.) Monte Carlo tuned at 44 GeV.



Table 7.4

Normalized acaled momentum dutributiona l/at.,d<j/dxf. where *F = 2p/W.

rp

0.02 - 0.03
0.03 - 0.04
Ü.04 - 0.05
0.05 - 0.06
O.OC - 0.08
0.08 - 0.10
0.10- 0.12
0.12- 0.14
0.14 - 0.16
O.lö - 0.18
0.18 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
0.3C - 0.40
0.40 - 0.50
0.50 - 0.60
0.60 - 0.70
0.70-0.80
0.80-1.00

< ff >

14 GeV

47.2 ±1 .7
56.5 ± 3.0
6C.3 ±2-1
C2.9 ±2 .7
58.0 ± 2.3
•14.9 r 1.7
36.1 ±1.3
20.4 i l .O
22.05 ±0.96
18.9 i 1.7
16.01 xO.95
1158 1 0.42

7.44 ± 0.48
5.28 ± 0.30
3.15 ±0.35
1.75 ±0.11
0.95 i0.13
0.342 ± 0.056
0.181 ±0.041
0.058 ±0.017

0.1302 ± 0.0023

22 GeV
•

94.0 ±3.9
102.2 ±3.3

9Ü.7 ±3.9
85.9 ±3.6
C5.7 ±2.0
50.3 ±2.1
35.4 ±1.5
27.0 ±1.3
21.8 ±1.3
17.1 ±1.2
15.16 ±0.95
10.78 ±0.47
7.05 ± 0.38
4.65 ±0.38
3.13 ±0.32
1.76 ±0.15
O.S2 ±0.13
0.41 ±0.11
0.193 ±0.050
0.056 ±0.025

0.1102 ±0.0020

35 G t- V

169.3 ± 2.4
143.7 ±2.7
115.5 ±1.6
93.3 ±1.5
69.2 ±1.2
49.7 ±1.1
36.33 ±0.43
28.08 ± 0.37
22.43 ± 0.35
18.02 ±0.31
14.38 ±0.28
10.24 ±0.16
6.43 ±0.11
4.23 ±0.10
2.719 ±0.067
1.587 ±0.037
0.782 ±0.028
0.341 ±0-023
0.162 ±0.018
0.030 ±0.012

0.0908 ±0.0008

44 GeV

191.8 ±3.9
152.7 ±3.0
118.5 ±2.9
95.0 ±2.7
70.5 ±1.3
49.0 ±1.7
37.17 ±0.89
28.67 ±0.64
22.66 ± 0.61
17.79 ±0.76
13.45 ±0.47
10.06 ±0.32
6.18 ±0.23
4.08 ±0.18
2.66 ±0.14
1.517 ±0.072
0.631 ±0.052
0.331 ±0.031
0.129 ±0.017
0.0309 ± 0.0059

0.0839 ±0.0009

7.2.2 Scaled Momentum Distribution

Fig. 7,3 and Table 7.4 preaent the normalized croaa aection l/ott,t da/dxr , where xr u th«
fractional particle momentum, xf •> 2p/W. There ia an increaae of the croos aection with
W for xf <. l GeV and a ateep fall for stt > .2 for all the energiea. It ia better vieible
in Pig. 7.4 and T&ble 7.5, which show \/aulda/dxf for fixed xf intervale plotted ver«iio
* = Wa. One aeea, t ha t except for tbe firat mterval the \fatft da/dxf acales with t and i»
constant within 10 -r 20%. The amount of tbe acale bretking was quantified by ßtting tbe
data to the following form fiuggeated by QCD (BA179, ALT79) *:

\lototdaldxr = c, (l + ca \n(t/tf))

* Because the function of (hat form ia quite inconvenient for the fitting programa the
linear function of the form fc, + fcj Int*/*.) waa fitted too, and it w&a made sure that the
results of bot h fils agree.
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10°

10-l
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TA5SO

•l- H GeV
-f 22 GeV
•l- 35 GeV
-J- 44 GeV

0.0 0.25 0.50 0.75 1.00

Fig. 7.5.^Normalized acaled momentum diBtributiona l/a,,, dafdx., where z. =
2p/IV at W = 14. 22, 36 and 44 GeV.



l O2

TJ

b

l O1

10°

LUND 6.3
0(al) 35
0(a|) 44

TASSO

0.02<xp<0.05

0.05<xP<0.10

=* 0 10<xc<O.SO

0.20<xP<0.30

0.30<xP<0.40

0.40<x„<0.50

0.50<xD<0.70

l O3

s(GeV2)
l O4

Fig. 7.4. Normalized icaled momeotum dietributiona l f a l f l da(dxr, where xr

2p/W at 1V = H. 22, 36 and 44 GeV.

Tttble 7.5

Normalized scaled momentum dintiibutions ljoifi d<jfdxf, where xr = 2pfW m
the binning uoed in flts.

X,

0.02 - 0.05
0.05 - O.U)
0.10 - 0.20
0.20 - 0.30
0.30 - O.-JÜ
0.40 - 0.50
0.50 - 0.70

14 GeV

56.4 ± 3.9
54.1 ± 1.7
24.51 ± 0.46
9.51 ± 0.28
4.21 ± 0.22
1.75 ± 0.11
0-640 ± O.OG1

22 GeV

95.4 ± 2.6
63.6 ± 1.6
23.48 ± 0.49

8.92 ± 0.29
3.89 ± 0.19
1.76 ± 0.15
0.61 ± 0.10

35 GeV

142.9 ± 2.0
C6.23 ±- 0.92
23.85 ± 0.18
8.330 ± 0.098
3.470 ± 0.069
1.587 ± 0.037
0.5C2 ± 0.019

44 GeV

154.4 ± 2.4
67.2 i. 1.2
23-95 in 0-38
8.12 ± 0.20
3.37 ± 0.12
1.517 ± 0-072
0.484 ± 0.031

Table 7.6

Kit result» to tbe a-dependence of the acaltd crose eection l/i7,0| dajdxr =
ealn(j/*B)), where J0 =» l GeV3.

*F

0.02 - 0.05
0.05 - 0.10
0.10 - 0.20
0.20 - 0.30
0.3Ü - 0.40
0.40 - 0.50
0.50 - 0.70

Cj

-179. ±12.
28.0 ± 6.8
25.2 ± 1.6
12.75 ± 0.95
6.22 ± 0.70
2.34 ± 0.37
1.03 ± 0.21

Q

-0.2498 ± 0.0070
0.191 ± O.OC8

-0.0072 - O.ÜUS7
-0.048C ± U.0071
-0.0615 a 0.0090

0.045 ± 0.015
--O.OCC ^ 0.015

Cl • C-i

44. C ± 1.7
5.33 ± 0.82

-0.18 ±0.23
0.62 ± 0.14

-0.383± 0.099
-0.107± 0.053
-0.0681 0.029
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The renult of the fit ia given in Table 7.6. Both the data preaented in Table 7.4 aa well
a» the fit reeult in Table 7.6 ahow aome diaagreement aa compared to the old TASSO
[TAS84J] pubtifihed resulla. In caae of Table 7.4 moat of it ia coming, probably, again frora
the too amooth correcting function Applied in the paat. It was checke d, that bot h at 14
and 22 GeV the reeulta obtained ueing (HOY7ÜJ (the Monte Carlo uaed to correct the data
in (TAS84J]) and Lund O(aJ) Monte Carlo agree within the errore. AB far äs Table 7.0
is concemed, except the firet t wo bins the C| and ea coefficienla are uauatly different äs
compared to the publiehed valuee («maller in the absolute value than the old publiahed
onea) by inore than 2-^3 Standard deviationa. Since all the coefficienta are difTerent in that
way, it U atalietically aignincant. The difference comea probably from the errors mentioned
in diecuaaing reeults from Table 7.4. AB faa aa the first t wo bin« in Table 7.6 exe concerned
the publiahed valuea are probably a r es u U of a crude error (chooaing wrang minimum) in
niting the function of the form Ci (l 4- ca • ln(j/»BJ) instead of a + 6- ln(t/st).

Anolher way of lookiiig at the acaled momentum diatribution (usually employed in
multigluon emission etudiea, eee e.g. (DOKöö] and reference« t he rein) is to plot xrda/dxf

versus ln(l/j?,) instead of plotting dajdxf againat xfl which allowa to have a cloaer look
at the low XF values. From Pig. 7.6 (Table 7.7) one can ctearly aee, that the growth of
the multiplicily with energy ia due to the increaae of s low (&a compared to the beara
motneatum) particle production. The multiglucn emission aspecl will be diacusaed at the
end of this chapter.

7.3 Distribution of global Event Parameters

7.3.1 Sphericity Distribution

F'ig. 7.0 (Table 7.») ahowa the Sphericity (aee Chapter 2) distributiona. AB one can see
every single diatribution haa a maximum in the region of weit collimated evects and the
comributiou of the events with low aphericity iacreaaea a» energy goea up. Only a very
slow decrease of the CFOSB section above S=.l U visible, especiaUy for W £ 22 GeV. The
energy dependence of the average ephericity ia preeented in Fig. 7.b, Aa can be seen,
the average «phencity decreaaes with energy, indicating that the eventa become more and
more collimated on the average with increaaing center-of-maaa energy. The H, 22 and
35 GeV reaulta differ draatically from tbe [TAS84J] reault. The difference comea mainly
from the fact, that the aphericity diatributions are very sensitive to the Monte Carlo uaed to
corr*ct the data. The use of independent Jet O(a,) Monte Carlo [HO Y7Ö], which does not
reproduce the data, producea aignificantly different aphericity dietribuüon aa compared
to reaults obtained with Lund LLA+O(a,) Monte Carlo. The sphericity diatributioiu
cocrected with the [HOY79] Monte Carlo have its maximum ahifted towarda the low valuea
(two-jet eventa region). Since Lund LLA+O(a.) Monte Carlo rtproducea the data quite
well, one can hope, that new diatributiona are cloae to the "true" onee.

7.3.2 Aplanurity Distribution

The aplanarity (aee Chapter 2) dietributiona are preaented in Fig. 7.7 and in Table 7.0.
The energy dependence of the average value of the aplanarity ia B how n in Fig. 7.8. Aa one
can aee the eventa get leaa aplanar a> energy increasea. Abo the aplananty dietnbutione
are very different äs compared to the otd publUhed one s [TAS84J] aitd they are also very
aenaitive to the Monte Carlo used to correct them.
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da/d\u(l/xr), where



Table 7.7

Normalized ln(l/ar,> diatribution« ,), where r, =

MV*,)

Ü.Ö - "0.2
0.2 - 0.4
0.4 0.6
0.6 - O.S
0.8 - 1.0
1.0- 1.2
1.2- 1.4
1.4- 1.6
1.6- 1.8
1.8 - 2.0
2.0 - 2.2
2.2 - 2.4
2.4 - 2.6
2.6 - 2.8
2-8 - 3.0
3.0 - 3.2
3.2 - 3.4
3.4 - 3.6
3.G - 3.8
3.8 - 4.0
4.0 - 4.2
4.2- 4.4
4.4 - 4.6
4.6 - 4.8
4.8 - 5.0

14 GcV

0.052 r 0.026
0.140 r. 0.025
0.325 ± 0.047
0.624 x Ü.06S
0.95 1 0.10
1.620 ± 0.085
2.02 ± 0.11
2.68 ± 0.11
3.09 ± 0.12
3.49 ± 0.15
3.81 ± 0.13
3.99 ± 0.16
4.0S r. 0.15
3.9S i- 0.30
3.44 ± 0.16
2.97 a 0.14
2.19 1 0.15
1.63 ± 0.13
1.198 ± 0.070
0.799 ± O.UG1
0.47S ± 0.095

22 GeV

0.033 ± 0.016
0.164 ± 0.056
0.351 ± 0.086
0.531 ± 0.067
0.986 ± 0.084
1.46 ± 0.13
1.88 i 0.13
2.45 ± 0.16
2.86 ± 0.14
3.31 ± 0.15
3.67 ± 0.16
4.26 ± 0.19
4.63 i 0.19
4.63 ± 0.27
4.74 ± 0.26
4.03 ± 0.19
3.71 ± 0.14
3.13 ± 0.16
2.31 ± 0.15
1.72 ± 0.19
1.257 ± 0.083
0.953 ± 0.073
0.56 ± 0.10

35 GeV

0.0222 ± O.OOS8
0.127 ± 0.013
0.297 ± 0.013
0.559 ± 0.020
O.S6Ü ± 0.026
1.256 i 0.028
1.7SO ± 0.033
2.294 ± 0.042
2.888 ± 0.040
3.369 - 0.047
3.741 ± 0.042
4 264 i 0.073
4.5S7 - 0 076
4.878 - 0.067
5 IOC x O.OS3
5.24-t ± O.OSO
5.100 ± 0.070
4.737 ± 0.030
4.206 ± 0.031 .
3 532 ± Ü.OS6
2.734 ± 0.068
2.082 ± 0.064
1.48T + 0.075
1.051 ± 0.022
0.632 ± 0.044

44 GeV

0.0195 ± 0.0043
0.111 ± 0.015
0.257 ± 0.022
0.474 ± 0.057
0.865 ± 0.046
1.277 ± 0.053
1.663 ± 0.070
2.259 ± 0.078
2.79S x 0.094
3.367 :t 0.098
3.855 ± 0.098
4.26 ± 0.13
4.66 ± 0 1 8
4.99 ± 0.11
5.23 ± 0.12
531 ± 0.13
5.40 ±0.16
5.25 i 0.12
4.68 ± 0.10
4.26 r 0.10
3.41 ± 0.10
2.764 ^ 0.075
2.08 - 0.10
1.566 ± 0.072
1.053 ± 0.049
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Fig. T.a. Normalized aphericity diatributionn l /N dN/JS at VV=14, '^2, 35 and

44 GeV.
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Table 7.8

Normalized aphericity diathbutiona l/N dN/dS.

S

Ü.OOü - 0.025
0.025 - 0.050
0.050 - 0.075
0.075 - 0.100
0.100 - 0.150
0.150- 0.200
0.200 - 0.250
0.250 - 0.300
0.300 - 0.350
0.350 - 0.400
U.400 - 0.450
0.450 - 0.500
0.500 - 0.550
0.550 - 0.600
0-600 - 0.650
0.650 - 0.700
0.700- 1-000

< 5 ->

14 GeV

0.40 ± 0.20
1.61 - 0.33
3.01 ± 0.49
4.21 ±0.78
4.09 n 0.31
3.06 ± 0.25
1.85 i 0.33
1.50 - 0.20
1.09 ±0.15
1.05 ±0.18
0.5S ± 0.14
0 509 ± 0.083
0.34 ± 0.10
0.34 i 0.12

0.34S ±0.073

0.067 ± 0.025

0.2252 a 0.0075

22 GeV

1.30 ± 0.30
5.46 ± 0,74
6.61 ± 0,84
5.96 ± 0,65
3.28 ± 0.45
2.30 ± 0.23
1.36 ±0.17
0.94 ± 0.18
0.87 ± 0.18
0.56 ± 0.12

0.330 ± 0.053

0.150 ± 0.037

0.115 ±0.051

0.0104 ± 0.0063

0.1528 ±0.0075

35 GeV

5.30 ± 0.37
9.31 ± 0.63
6.32 ± 0.27
4.19 ± 0.15
2.70 ± 0.16
1.4S5 ± 0.062
0.938 ± 0.061
0.646 ± 0.100
0.485 ±0.080
0.359 ± 0.043
0.254 ± 0.028
0.193 ± 0.018
0.133 ±0.019
0.120 ±0.019
0.084 ± 0.013
0.0469 ± 0.0081
0.0082 ± 0.0033

0.1155 ± 0.0047

44 GeV

8.02 ± 0.54
9.45 ± 0.43
5.83 ±0.31
3.80 ± 0.26
2.14 ±0.15
1.35 ±0.11
0.86 ±0.11
0.544 ± 0.073
0.455 ± 0.055
0.320 ± 0.049
0.217 ± 0.044
0.193 ± 0.060
0.150 ± 0.049
0.083 ± 0.025
0-084 ± 0.025
0.043 x 0.016
0.0079 ± 0.0025

0.1053 ± 0.0035

7.3.3 Thrust Distribution

Fig. 7.9 depicts the thrust (eee Cbapter 2) diatributiona, which are deacribed numehcally
in T&ble 7.10. The energy dependence of the average thruat value ia presented in Fig. 7.10.
Similar concluaion and remarlts about the event collimation and about Monte Carlo model
dependence aa in the case of aphericity and aplanarity can be drawn for thruat.

7.3.4 Paris! C and D Variables Distribution

The diatributiona of Pacisi event ahape variables C and D (aee Chapter 2) are preaented
in Fig. 7.11 and 7.12 and in Table 7.11 and 7.12. Also theae variables ahow, that the
contributioa of two-jet events increasea and that eventa become leaa and lesa aplanar aa
the center-of-m&sa energy mcreaaea. It waa found, that also theae diatributiona are aenaitive
to the Monte Carlo used to correct the data.
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of W. The curvea ahow predictiona of the Lund O(a,) Monte Carlo tuned at
36 and 44 GeV and predicliona of the Lund LLA+O(a.) Monte Carlo tuned at
44 GeV.

Table 70

Normaliz«d aplanarity diatributions l/N dN/dA

A

0.00 - 0.01
0.01 - 0.02
0.02 - 0.03
0.03 - 0.04
0.04 - O.OG
0.06 - 0.10
0-10 0.15
0.15 - 0.20
0.20 - 0.30

•: A ^

14 G« V

5.8 ± 1.5
12. S ± 2.9
H.U ±1.7
12.8 ±1.2

9.97 ± 0.98
4.43 ±0.71
2.16 ±0.37
0.68 ± 0.14
0.32 ±0.16

U.0613 ±0.0057

22 GeV

1l. 2 ±1.9
20.6 ± 2.4
18.0 ±1.7
15.5 ± 1.5
8.9 ±1.2
3.05 ± Ü.3S
0.78 ±0.16
0.210 ±0.065
0.031) * 0.023

Ü.OSStii 0.0029

35 G.'V

25.4 - 1.7
2S.4 ± 2.6
17.00 x 0.65
10.30 i 0,65

5.25 ± 0,88
1.43 i 0.32
0.37 LI Ü. l l
U.ÜS3 - 0.020
0.0136± 00053

0.0261 ± 0.0019

44 GeV

35.3 ± 1.9
28.4 ± 2.1
14.9 ±1.1

8.3 ± 1.1
3.59 ±0.87
1.03 ± 0.33
0.180 ±0.060
0.0-16 ± 0.025
0.0157 ± 0.0080

0.0213 ±0.0015

Table 7.10

Normalized thruat diatributiona l/N dN/dT.

T

0.60 - 0.64
0.64 - 0.68
0.68 - 0.72
0.72 - 0.76
0.76 - O.SO
O.SO - 0.84
0.84 - 0.88
0.88 - 0.90
0.90 - 0.92
0.92 - 0.94
0.94 - 0.96
U.96 - 0.98
0.98 - 1.00

- T

14 GeV

0.47 ± 0.23
0.62 ± 0.24
1.16 ± 0.31
1.61 ±0.23
1.92 ±0.36
3.32 ± 0.45
4.52 ± 0.73
6.05 ± 0.55
6.7 ± 1.2
5.6 ± 1.6
3.1 ± 1.1
Ü.97 ± 0.31
Ü.132 ± 0.080

O.S499 ± 0.0085

22 GeV

0.07 ± 0.20
0.218 ±0.074
0.37 ± 0.12
0.81 ± 0.23
1.22 ±0.17
2.27 ± 0.29
4.06 ± 0.33
5.7 i 1.2
7.23 ± 0.87
8.60 1 0.82
7.8 ± 1.9
2.9 ± 1.0
0.33 1 0.18

0.8876 -i 0.01173

35 GeV

0.037 i 0.020
0.164 ± 0.027
0.32S ± Ü.Ü65
0.5S3 1 0.093
O.SC9 J 0.07Ü

1.4-1 i 0.13
2.65 1 0.25
4.04 1 O.-lü
ti.04 1 0.6G
S.Ö 1 1.1

1Ü.C5 .t 0.36
7.5 ± 1.4
1.14 i. 0.33

0.0079 t 0.0045

44 GeV

0.019 ±0.014
0.171 ±0.048
Ü.236 ± 0.042
0.57 ±0.11
0.84 ±0.11
1.12 ±0.13
2.43 ± 0.16
3-55 ± 0.30
4.85 ± 0.49
6.8 ± 1.1

11.67 ±0.66
10.3 ±1.9

1.97 ±0.63

0.9157 ± 0.0049
i i

90
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Table 7.11

Normalized Pariai C dutributiona l/N dN/dC,

c

0.04 - 0.0s
0.08 - 0.12
0.12 - 0.16
0.16 - 0.20
0.20 - 0.2-1
0.24 - 0.23
0.28 - 0.32
0.32 - 0.36
0.36 - Ü.40
0.40 - 0.44
0.44 - 0.4S
0.48 - 0.56
0.56 - 0.64
0.64 - 0.72
0.72 - 0.80
0.80 - 1.00

. c

14 GeV

0.033 ± 0.029
0.056 ± 0.030
0.147 ± 0.037
0.277 ± 0.055
0.58 ± 0.25
1.11 ±0.42
1.23 ± 0.33
1.75 ± 0.59
2.13 ± 0.44
1.83 ± 0.29
2.49 ± 0.37
1.41 i 0.27
1.62 x 0.23
1.20 ±0.11
0.95 * 0.15
0.622 ± 0.059

0.5355 ± 0.0099

22 GcV

0.03C ± 0.021
0.185 ± 0.073
0.42 ± 0.13
1.20 ± 0.42
1.97 ± 0.55
2.36 ± 0.49
2.43 ± 0.45
2.09 ± 0.31
2.05 ± 0.63
1.8Ü ± 0.47
1.89 ± 0.43
1.38 ± 0.17
1.17 ±0.21
0.90 ± 0.15
0.53 ± 0.13
0.195 ± 0.033

Ü.4324 ± 0 UÜ33

35 Gt-V

0.169 ~ 0.031
0.70 ± U. 11
1.74 x Ü.33
2.44 x 0.22
2.74 - U. 13
2.54 x Ü.19
2.36 x 0.39
1.98 ± 0.28
1.777 ±0.097
1.45 ±0.12
1.192 ±0.081
0.957 ± 0.075
0.747 ± 0.063
0.540 ± 0.052

0.422 ± 0.033
0.127 x 0.024

0.3600 ± O.Ü029

44 GeV

0.332 ± 0.086
1.25 ± 0.29
2.64 ± Ü.5Ü
2.79 ± 0.22
2.85 ± 0.27
2.67 ± 0.35
1.90 ± 0.23
1.49 ± 0.34
1.43 ±0.15
1.16 ± 0.10
1.08 ± 0.12
Ü.96U ± 0.085
Ü.621 ± 0.046
U. 456 x 0.039
0.442 i Ü.062
0.088 x 0.014

0.3325 ± 0.0069

Table 7.12

Normalized Parisi D diatributions l/N dNjdü.

D

0.00 - 0.04
0.04 - 0.03
0.03- 0.12
0.12 - 0.20
0.20 0.30
0.30 - 0.4Ü
0.4U - 0.60
0.60- 1.00

< D >

14 GeV

1.77 ± 0.50
3.11 ± 0.92
3.6C ± 0.71
2.54 ± 0.20
1.66 ± 0.22
U.89 ± 0.24
O.C29 ± 0.087
0.197 ± 0.036

0.246 ± 0.010

22 GeV

3.88 ± 0.88
5.59 x 0.7U
4.0G ± 0.55
2.40 ± 0.25
1.39 ± 0.16
0.70 ± 0.12
0.274 ± 0.052
0.045 ±0.011

0.15ä6 ± 0.0065

35 GeV

8.15 ±0.53
5.T6 ± 0.65
3.36 ± 0.21
1.742 ± 0.058
0.889 x O.OS2
Ü.411 ± 0.045
0.168 ± 0.041)
0.0184 ± 0.0055

0.1127 i U.0044

44 GeV

10.39 ± 0.86
5.25 ± 0.67
2.86 ± 0.40
1.56 ± 0.11
0.757 ± 0.061
0.332 ± 0.055
0.100 ± 0.035
Ü.Ü134 ± 0.0041

0.0947 ± 0.0023



7.3.5 Angular Distribution of the Event Axia
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Fig. 7.12. Normalized Parisi D distribiitions \{N dNjdD at W = 14, 22. 35 >ind

44 GeV

Fig. 7.13-7.15 andTable 7.13-7.15 preaent the angulardiatributionaof the aphericity, thruat
and Parisi tenaor axea with respect to the beam axia for the center-of-maas energy equal lo
12, 22, 35 and 44 GeV. All the diatributiona are well described by a function of the form:

ahown by t h« curvea in Fig. 7.13-7.15 The ceault of the fita of the form:

l dN
N dco

are ahown in Table 7.10

T&ble 7.13

Angular diatributiona of the aphericity axia L(NdN/dcoa&s

COS 05

O.OÜ - 0.05
0.05 - 0.1Ü
0.10 - 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
0.35 - 0.40
0.40 - 0.45
0.45 - 0.50
0.50 - 0.55
0.55 - 0.60
Ü.CO 0 65
0.65 - 0.70
0.70 - 0.75
0.75 - O.SO

14 GcV

0.719 i 0.081
0.706 ± 0.091
O.S30 i 0.093
0.798 ± 0.092
0.97 ± 0.15
0.752 ± 0.038
0.97 ± 0.11
0.78 ± 0.11
0.823 ± 0.087
0.914 ± 0.098
1.08 ± 0.11
0.93 x 0.10
1.02 ± 0.12
1.U3Ö - 0.095
1.14 r 0.12
1.1C T 0.15

11 G« V

0.640 ± 0.055
0.81 ± ü.12
0.57 1 0.11
0.707 ± 0.090
0.90 ± U. 13
0.782 ± 0.096
0.664 ± 0.094
0.650 ± 0.097
0.94 ± 0.16
1.06 + 0.17
0.92 ± 0.12
1.07 i 0.13
l.üö j. 0.11
1.24 i 0.19
1.33 _!. 0.14
1.20 J 0.1-1

3J G«- V

0.693 i 0.034
0.750 :r 0.033
0.730 ± 0.034
0.725 ± 0.035
0.714 ± 0.035
0.81C - 0.032
0.801 ± 0.034
0.860 ± 0.041
O.S37 ± 0.03C
0.922 ± 0.034
0.9C9 ± 0.041
0.963 ± O.Ü3Ö
1.093 1 0.043
1.040 -i 0.060
1.226 i 0.042
1.23S :: 0.05,-.

41 GeV

0.681 ± 0.069
0.741 ^ 0.055
Ü.7S3 x 0.063
0.744 ± 0.054
0.724 ± 0.081
0.740 ± 0.088
0.861 ± 0.067
0.669 ± 0.059
0.044 ± 0.063
0.879 ± 0.060
0.927 ± 0.059
0.922 x 0.083
0.981 -- 0.063
1.142 n O.OSS
1.23 :i 0.11
1.340 -r 0.091

There ia r»o deviation froni the (l + coaaÖ) dependence at a center-of-maaa energy of
44 GeV. It mdicates, t hat the e*e~ -* qq i» the dominatiiig procesa, but oue ahould be
aware of other reault preaeuted in Table 7.16. which alao ahowa fit resulta to the Monte Carlo
difltributions obtained wilh the Lund LI,A+O(a,). Luiid O(<iJ) and [l£OY7Ö] generatora.
Only 14 GeV data agtee wilh the Monte Carlo withm one Standard deviatiuu. At 44 GeV
two Standard devialions and at 22 and 35 GeV Ihree Standard deviationa are needed to
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Fig. 7.13. Angular distributions of the sphericity axis l/NdN/dcoaQs at
JV=14, 22, 35 and 44 GeV. The curves are proportional to l + cos ©.

match the data and the Monte Carlo. Agreement among difterent Monte Carlos ia rauch
better than between the data and the Monte Carlo.

ThU stränge reault might come * g. from two eources: 1. from wrong z-coordinate
meaauretnent by means of the atereo wirea of the DC, which led to wrong coeö determi-
nation, or 2. from differences between the angular diatributiona m the Monte Carlo and
in the data especially for the e+e~ — qqg proceao. However the whole problem requireo
probably more extensive «tudiea, which were beyoud the acope of thia thesia.

Tabie 7.14

Angular distributiona of the thruat axia \/N dNfdcoaQT.

cos O-/-

0.00 - 0.05
0.05 - 0.10
0.10- 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
0.35 - 0.40
0.40 - 0.45
0.45 - 0.50
0.50 - 0.55
0.55 - 0.60
0.60 - 0.65
0.65 - 0.70
0.70 - 0.75
0.75 - 0.80

14 GeV

0.71 d 0.11
0.787 ± 0.094
0.866 ± 0.095
0.791 ± 0.079
0.702 ± 0.086
1.01 ± 0.15
0.94 ± 0.11
0.771 ± O.OS6
0.86 ± 0.10
0.804 ± 0.087
0.92 ± 0.14
1.03 ± 0.13
1.02 d 0.12
1.08 ± 0.14
1.07 ± 0.11
1.24 ± 0.17

22 GeV

0.73 ± 0.13
0.77 ± 0.12
0.583 x 0.097
0.673 ± 0.090
0.75 i 0.11
O.SS ± 0.12
0.646 ± 0.081
0.807 ± 0.097
1.06 ± 0.14
0.93 ± 0.12
1.04 ± 0.13
0.94 ± 0.12
1.32 i 0.15
1.34 ± 0.28
1.17 ± 0.13
1.05 ± 0.14

35 Gf V

0.698 d 0.036
0.747 ± 0.038
0.781 i 0.031
0.713 ± 0.039
0.754 i 0.031
0.729 r_ 0.056
0.854 i 0.040
0.850 - 0.034
0.835 - 0.040
0.911 z. 0.043
0.940 n 0.03Ü
1.ÜS5 r. 0.058
0.9SS r 0.072
1.143 - 0.059
1.147 ± 0.077
1.2G5 ± 0.060

44 GeV

0.715 d 0.065
0.742 ± 0.059
0.793 ± 0.059
0.728 i 0.051
0.744 1 0.061
0.682 ± 0.071
0.755 i 0.055
0.897 d 0.090
0.892 ± 0.070
0.875 d 0.060
0.954 d 0.062
0.892 x 0.086
0.972 i 0.069
1.143 d 0.070
1.29 d 0.10
1.28 d 0.13

7.4 Single Particle Distributions with Respect to the
Event Axis

7.4.1 Longitudinal and transverse Momentum Diatributiona

In thb aubsection the aphericity axia will be uaed aa the event axis.

Fig. 7.18 (Table 7.17) diaplays the diatributiona of the longitudinal momentum. The
dbtributiona have a maximum at pH = 0. W he n p„ becomes l arg« r than ta 2 GeV the
diatributiona becoine very aimilar to the p diatributiona (eee Fig. 7 1 ) . The spectra become
broader aaenergy increases, which means, that thecontribution of faster particles increaaea.
The number of particles with amall p„ re inain s almoat conatant with energy The center-
of-mass energy dependence of the average pH ia ahown in Fig. 7 2 .
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Table 7.15

Angular diatributions of the Parisi Tensor axia l/NdNfdcoeQp.

cos Öp

0.00 - 0.05
0.05 - 0.10
0.10 - 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
0.35 - 0.40
0.40 - 0.45
0.45 - 0.50
0.50 - 0.55
0.55 - 0.60
0.60 - 0.65
0.65 - 0.70
0.70 - 0.75
0.75 - 0.80

14 GeV

0.71 ^ 0.1S
0.7(5 ± 0-13
0.69 ±0 .12
O.DI x 0.12
0.79 ± 0.11
Ü-S5 ± 0.11
0.95 x 0.16
O.SO i 0.10
0.90 ± 0.11
0.95 r 0.11
1.05 i 0.13
0.91 x 0.13
1.13 r 0.12
0.99 r 0.11
1.06 ± 0.11
1.31 ± 0.15

22 CeV

0.67 ± 0.13
0.73 x 0.1G
0.60 ± 0.15
0.75 i 0.16
0.7S ± 0.15
0.83 ± 0.12
0.69 ± 0.10
0.77 ± 0.15
0.95 ± 0.17
0.94 ± 0.11
l.OJ ± 0.17
0.92 ± 0.11
1.35 ± Ü.14
1.22 ± 0.24
1.21 ± 0.14
1.19 ± 0.14

35 GeV

0.692 ± 0.036
0.764 ± 0.053
0.748 ± 0.044
U. 722 ± 0.031
0.760 ± 0.037
0.742 i 0.047
0.811 x 0.035
0.872 ± 0.04S
0.823 ± 0.067
0.907 ± 0.041
0.965 ± 0.043
1.017 ± 0.047
1.063 ± 0.052
1.119 ± 0.037
1.200 ± 0.041
1.23-! ± 0.072

4-1 GeV

Ü.742 ± 0.075
0.691 1 0.05S
0.752 i 0.056
0.729 ± O.U55
0.791 ± 0.061
0.761 -± O.OG5
0.849 ± 0.064
0.882 i 0.064
0.83S ± 0.067
0.897 ± 0.069
0.938 ± 0.063
0.937 ± 0.098
0.990 i 0.077
1.157 ± 0.086
1.25 ± 0.13
1.30 ± 0.13

The presented diatributiona differ from thooe ahown in [TASä4j]. The distributiona had
& maximum near pa = .14 GeV and were decreaaing aa p(t —r 0, in contradiction with the
newly obt&ined reault. 1t was checked, that although the uncorrected diatribution behave
in that way, (mainly due to the pv > .1 GeV cut) the corrected diatribution incre&aea aa
p„ —* 0 and the correction function increasea ateeply in thia region. If one calculatea the
correction function with insufficient reaolution, («g- by amoothing), one obtains the effect
of a decreaae near p„ = 0.

Fig. 7.17 and Tabte 7.1$ present the diathbution of the transverae momentum. The
distributions decreaae asp^. —»0. They become broader äs energy increasea. Fig. 7.2 shows
how the average px dependa on energy. The energy dependence of the average p and pN are
ftUo ahown. Fig. 7.2 ia another evidence (apart from the S,A,T,C and D distributiona),
that the eventa become more and more collimated with the increase of center-of-maas
energy, becauae the < p„ > increaaes about eeven timea faater than < p± >. Fig. 7.18
(Table 7.19) ahowa the distributions of the tranaverae momentum aquared. For all the p^
intervala the croaa section increasea with the increaae of energy.

Fig. 7.10 gives the energy dependence of the average transveree momentum aquared.
AB it waa already visible in Pig. 7.2 the tranaverae momentum increasea with energy.

The momentum distributiona shown so far were eith«r inclusive distributions with one
entry for one particle or diatributiona of average momenta over a whole event sample at
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Table 7.18

Fit reault to the angular dependence of the «vent axia
(l + a5.T->. cos1 B).

DATA

a s
uj
a^

Lmid LLA + 0(t>.)

«s
aj-
ap

Lim«lO(t«;)

«s
07
Uf

[HOV79;

«»
UT

u F

. 14 GeV

0.89 ± 0.22
0.84 ± 0.23
0.87 x 0.26

0.875 ± 0.026
0.879 ± 0.026
0.907 ± 0.026

0.777 ± 0.052
0.763 x 0.052
0.804 ± 0.053

0.82 ± 0.11
0.86 ± 0.11
O.SO - 0.11

22 GeV 35 GeV

1.74 ± 0.33 1.2ö ~ 0.10
1.41 x 0.32 1.2i) x 0.11
1.50 i 0.37 1.29 x 0.10

0.965 x 0.033
0.954 x 0.033
0.966 ± 0.033

0.941 ± 0.059
0.898 ± Ü.05S
0.905 x 0.058

0.92 ± 0.14
0.84 ± 0.14
0.88 ± 0.1-1

0.940 ± 0.03-1
0.976 x 0.035
0.906 x 0.034

0.932 ± 0.025
0.929 ± 0 025
0.93U i 0.025

0.9G3 1 0.042
O.OG7 x 0.042
0.055 x 0.042

44 GeV

1.19 ± 0.17
1.15 ±0.17
1.20 ± 0.19

0.921 ± 0.020
0.934 ± 0.026
0.934 ± 0.026

0.902 ± 0.025
0.903 ± 0.025
O.S9S ± 0.025
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Fig. 7.16. Normalized longitudinal momentum diatributiona l/ö|„, do/dpu

(Gev/c)"1 at VV = H, 22, 36 and 44 GeV.
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Table 7.17

Normalized longitudin&l momentum diatributions l/olfi da/dplt (Gev/c)'1.

f j
(GeV/c )

0.00 - 0.05

0.05 - 0.10

0.10 - 0.15
0.15 - 0.2U
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
0.35 - 0.40
0.40 - 0.45
0.45 - 0.50
0.50- 0.60
0.60 - 0,70
0.70 - 0,80

14 GcV

13.51 ±0.83
11.85 ±0.85
11.1 ±1.2

9.37 ±0.94
9.73 ±0.60
8.10 ±0.71
8.42 ±0.42
7.39 ±0.59
6.58 ±0.44
C.18 ±0.34
5.15 ±0.23
4.33 ±0.30
3.95 ±0.27

O.SO - 0.90 3.32 ±0.17
0.90- 1.00 2.84 ±0.17
1.00- 1.20 2.45 ±0.15
1.20- 1.40 1.96 ±0.11
1.40 - 1.60
1.60- 1.81)
1.80- 2.00
2.00 - 3.00
3.00 - 4.00
4.00 - 5.00
5.00 - 6.00
6.00 - 8.00
8.00 - 10.00

10.00 - 12.00
12.00 - 14,00
14.00 - 1S.OO
18.00- 22.00

• - Pt '••

1.48 ±0.11
1.175 ±0.070
0.954 ±0.076
0.510 ±0.034
0.174 ±0.018
O.Ü545±0.0094
0.0180±0.0040
0.0028±0.0010

0.771 10.015

22 GeV

12.6 1 1.2
12.61 ±0.74
10.40 ±0.69
10.1 ±1.3
9.16 ±0.57
8.98 ±0.50
8.84 ±0.49
7.74 ±0.64
7.49 ±0.44
7.03 ±0.4$
GAG i 0.31
5.38 ±0.32
4.75 ±0.3ft
4.38 ±0.30
3.61 ±0.20
3.16 * 0.1 4
2.43 ±0.12
1.99 ±0.11
1.55 ±0.12
1.38 ±0.11
0.893 ±0.038
0.413 ±0.028
0.207 ±0.019
0.102 ±0.013
0.042 ±0.010
0.0104 ±0.0032
0,00046 ±0.00032

1.06-1 ±Ü.U23

30 GeV

14.0G i 0 57
12.44 ±063
11.52 10.76
11.02 10.69
10.46 ±0.36
9.68 ±0.18
9.08 ±0.16
8.62 ±0.19
8.11 ±0.22
7.69 ±0.15
6.96 ±0.11
6.21 1 U. 14
5.45 ±0.10
4.83S ±0.091
4.232 ±0.079
3.üa3 ±0.070
3.019 ±0.04S
2,631 ±0.070
2.165 ±0049
1.805 ±0.050
1.281 ±0.014
0.702 ±0012
0.406 ±0.011
0.2462 ±0.007«
0.1269 ±0.00411
0.0567 ±0.0025
0.0234 ±0,0014
0.0099 ±0.0012
0.00143 1 0.00049

1.436 ±0.017

44 GcV

1380 ±0.83
12.35 ±0.56
11.84 ±0.88
11.23 ±0.49
10.35 ±0.31
9.82 ±0.37
9.03 ±0.3S
8.28 ±0.23
8.41 *0.32
7.54 ±0.23
6.93 ±0.18
6. 50 ±0.15
5,63 10.14
5.19 ±0.16
4.76 ±0.17
4.07 ±0.15
3.26 ±0.10
2.820 ±0.097
2.397 ±0.083
2.030 ±0.064
1.473 ±0.045
0.835 ±0.022
0.509 10.015
0.330 ±0.016
0.1S9S 10.0076
0.0909 10.0054
0.0417 1.0.0049
0.0222 ±00021
0.00761 ±0.00089
Ü.OOÜ99±0 00020

1.661 10.021
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Fig. 7.17. Normalized tranaverse momentum diatributiona l/oiai dofdp±

(GeV/c)-1 at VV = H, 22, 35 and 44 GeV.
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Table 7. l S

Norrnalized transverse momentum dUtributiona l(olit da/dp^ (GeV/c)~

(GeV/c)

O.ÜO - 0.05
0.05 - 0.10
0.10 - 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
0.35 - 0.40
0.40 - 0.45
0.45 - 0.50
U. 50 - O.GO
0.60 - 0.70
0.70 - 0.60
0.80 - 0 90
0.90 - 1.00
1.00 - 1.20
1.20 - 1.40
1.40 - 1.60
1.60- 1.80
1.80 - 2.00
2.00 - 2.50
2.50 - 3.00
3.00 - 4.00
4.00 - 6.00

14 GtV

6.11 ±0.49
12.11 ±0.73
17.03 ±0.96
18.65 ±0.81
18.23 ± 0.00
19.10 ±0.65
16.31 ±0.83
14.19 ±0.00
11.30 ±0.85
9.33 ± 0.4S
6.73 ± 0.33
4.46 ± 0.29
2.48 ±0.19
1.69 ±0.19
0.89 ±0.10
0.539 ± O.OSS
0.196 ±0.040
0.082 ± 0.041
0.030 ± 0.018
0.030 ± 0.022

i
< PL -- j 0.3466 ±0.0056

i

22 GrV

6.79 ±0.46
14.29 i Ü.ÖÜ
18.1 ±1.0
21.5 ±1.1
21.58 ±0.87
21.3 ±1.5
18.97 ±0.75
16.7 ±1.0
13.71 ±0.74
12.03 ±0.76
8.47 ± 0.44
6.02 ± 0.42
4.15 -1 0.25
2.52 ±0.20
1.84 ±0.19
1.03 ±0.12
0.51 ±0.11
0.269 ±0.058
0.164 ±0.046
0.123 ±0.053
0.070 ± 0.035
0.0086 ± 0.0059

0.3889 ±0.0064

30 GeV

7.70 T 0.3S
16.43 ±0.45
21.96 ±0.41
24.96 ± 0.46
25.43 ±0.45
23.95 ±0.36
21. 8S ± 0 2 9
19.13 ±0.56
16.50 ±0.24
14.35 ±0.22
11.0t ±0.16

7.73 ±0.14
5.40 ±0.10
4.006 ± 0.085
2.810 ±0.077
1.7S6 ± 0.054
1.049 ±0.039

0.622 ± 0.038
0.379 ±0.019
0.239 ±0.016
0.1261 ±0.0066
0.050U ±0.0048
0.0155 ±0.0018
0.00320 ±0.00071

0.4342 i 0.0033

44 GeV

8.50 ± 0.49
17.70 ± 0.92
23.19 ± 0.62
25.54 ± 0.64
26.06 ±0.67
24.00 ± 0.56
22.69 ± 0.60
19.48 ± 0.58
17.04 ±0.59
15.02 ± 0.45
12.17 ±0.25
8.69 ± 0.22
6.27 i 0.23
4.43 ± 0.25
3.31) ± Ü.1Ü
2.344 ± 0.077
1.338 ±0.057
0.846 ± 0.044
0.563 ± 0.036
0.412 ± 0.034
0.229 ±0.016
0.087 ± 0.016
0.0385 ± 0.0050
0.0068 i 0.0016

0.4695 ±00049
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Fig. 7.18. Normalized distributions öl" the tranaverae momentum squared
I/o,., dajdp\3 at IV = 14, 22, 35 and 44 GeV.
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'fable 7.10

Normalized dUtcibutiona of the transverse momentum aquared l/a,fl dojdp\2

0.00 - 0.01
0.01 - 0.02

0.02 - 0.04
0.04 - 0.06
0.06 - 0.08
0.03 - 0.10
0.10- 0.12
0.12 - 0.14
0.14- 0.16
0.16 - 0.18
0.13 - 0.20
0.20 - O.^ö
0.25 - 0.30
0.30 - 0.35
0.35 - 0.40
0.40 - 0.60
0.60 - O.SO
0.80- 1.20
1.20- 1.60
1.60 - 2.00
2.00 - 3.00
3.00 - 4.00
4.00 - 6.00
6.00 - 8.00
8.00 - 10.00

10.00 - 12.00
12.00 - 14.00
1-1.00 - 10.00
16.00 - 18.00

14 GeV

91.1 ±5.2
67.S ±5.2
55.3 ±2.1
41.1 ±2.5
36.9 ±1.5
29.2 ±1.6
24.1 ±1.4
20.4 ±1.2
18.0 ±1.6
13.0 ±1.1
13.1 ±1.2
9.82 ±0.54
7.32 ±Ü.50
5.24 ±0.38
3.00 ±0.37
2.43 ±0.16
1.07 ±0.11
0.411 ±0.035
0.170 ±0.030
0.063 ±0.019
0.0178±0.0067
0.0072± 0.0035

18.00 - 20 Oül
20.00 - 30.00

l'l 0.1773n:ü.0050

22 GeV

105.4 ±3.6
72.4 x5.4
62.8 ±3.2
48.3 ±2.3
40.3 ±2.2
36.3 ±1.8
26.8 -1.6
23.1 3i 1.4
21.9 ±1.6
17.6 ±1.6
15.1 -i.i
12.67 iO.S2
8.43 ±0.70
7.03 ±0.56
5.79 xO.51
3.5« ±0.17
1.62 ±0.17
0.7V6 ±0.057
0.343 ±0.080
0.166 ±0.039
0.071 ±0.011
0.034 ±0.011
0.0172±0.0088

0.243 xO.U12

35 G t- V

120.6 ±3.6
89.5 ±1.9
72.5 ±1.3
57.0 ±1.1
46.65 ±0.84
38.11 ±0.51
32.50 ±0.56
27.6 ±1.0
24.04 ±0.54
21.07 ±0.40
17.39 ±0.47
15.27 10.24
11.62 ±0.23
8.92 ±0.19
7.21 ±0.16
4.535 i 0.070
2.512 ±0.0<iO
1.241 i 0.027
0610 ±0.029
0.343 ±0.016
0.1673 ±0.0087
0.0704 ±0.0043
0.0297 ±0.0015
0.0110 ±0.0012
0.00519 ±0.00061
0.00291 ±0.00070
0.00183 ±000051
0.00124 i 000037
O.OUU38 ±0.00030
0.00126 i 0.00064
0.000222:10.000077

0.3339 -1 Ü.OOÜ6

44 GeV

130.0 ±6.4
93.9 ±3.2
74.9 ±1.0
58.7 ±1.4
47.8 ±1.9
40.9 ±1.4
33.2 ±1.2
26.9 ±1.1
25.63 ±0.89
22.3 ±1.1
20.30 ±0.74
15.92 ±0.46
12.75 ±0.39
9.96 ±0.34
7. Öl 2.0.36
5.20 ±0.13
2.83 ±0.12
1.505 ±0.054
0.802 ±0.029
0.436 ±0.026
0.2382 ±0.0097
0.1134 ±0.0076
0.0521 ±0.0037
0.0210 ±0.0036
0.0118 ±0.0020
0.0063 ±0.0013
0.0031 ±0.0011
0.0033 ±0.0012
0.00180±0.00067
0.00125±0.00063
0.00063±0.00023

0.4175 ±0.0095
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Fig. 7.18. Average value of the tranaveree momentum equared (< p\ äs a
function of W. The curvea ahow predictiona of the Lund O(üiJ) Monte Carlo
tuned at 35 and 44 GeV and predictiona of the Lund LLA + O(a,) Monte Carlo
tuned at 44 GeV.
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one center- of-masa energy. The next three ßgurea (Fig. 7.21-7.23) (Table 7.2Ü-7.22) «how
diatributiona of the average momenta (over an event) tranaverse momenta aquared and ita
componenta in and out of the event plane with one entry for one event.

The averagea (over the whole event aample) < p^ > and < p\ > are given in
Fig. 7.20 (Table 7.2). Both < p*(s > and < p*.<g > increaae with energy, but < p*,, >
increaaea alao about aeven times faster than < p*,.. >, indlcating that the increaae of the
tranaverse momeutum with energy ia mainly due to the production of planar event«.

7.4.2 Scaled longitudinal and tranaverse Momentum Diatribulioiis

The acaled longitudinal and tranaverae moraentum distributiona with reapect to the
ephericity axia are diaplayed in Flg 7-24-7.28 (Table 7.23-7.26). The acaling of the
l/oiai da/dxH croaa section ia more "exact" than in the corresponding ränge of the xf dia-
tribution, eapecially near xn = .03. It U better viaible in Table 7.25 (which correeponda to
Table 7.0), where the coefficients «, and c3 of the function of the form c, (i -t- c3 - ln(i/*,,))
fltted to the data pointa in the given intervab are presented. (For completeneaa alao Ta-
ble 7.24 and Fig. 7.25 correaponding to Table 7.5 and Fig. 7.4 are given.) Aa one can aee,
the absolute vatue of the c, • ca coefficienta is smaller m the xn caae m all but two x interv&la.

The Dormalized acaled tranaverse momentum croaa aection does not scale in the whole
14 -i- 44 GeV center-of-maaa energy ränge, but it seema that the acaling for XT £ .04 ia
approached aomewhere about W = 35 GeV, although more data at higher energy (W >
44 GeV) ia needed to confirm that.

7.4.3 Particle and Momentum Flow »round the Thruat

Fig. 7.27 (Table 7.27) shows the distributions of the angle a between the event axia (here:
thruat axia} and the charged particle direction. The distributiona have a maximum aome-
where between 6'and 20". U ahifts towards lower valuea aa center-of-ma«e energy increaaea.

With the increaae of center-of-maaa energy alao the number of particlea emitted at
small angle« with reapect to the eveat axia increaaea rapidly whereaa the number of particlea
at anglea a £ 40' increaaea very »lowly. The Flg. 7.28 (Table 7.28) ahowa the charged

momentum flow -^- around the event axia. The particle momenta are nonnalized to the

total momentum sura of the charged particlea in an event and -rf- ia denned aa:

da aitt
P dp

dp da

There ia also a rapid increaae of the momentum flow in the region cloae to the event axia
(a £ 10*) with the increaae of center-of-maaa energy In the remaining angular region
(a £ 16") the momentum flow not only does not increaae but even decreaaea alowly aa
center-of-maaa energy increaaea.

The last two plota (Fig. 7.27 and 7.2ä) are again a» evidence that events become more
and inore colliinated with the increaae of the center-of-mad» energy. They ahow, that the
main contribution to the increaae of the multiplicity comea from the particlea emitted
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Table 7.20

Normal ized distributions of the average tranavene momentum aquared
pl> (GeV/c)-a

11
< P: •=•

(GeV/c)' '

0.00 - 0.10
0.10 - 0.15
0.15 - 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.40
0.40 - 0.60
0.60 - 0.80
0.80- 1.20
1.20 - 2.00

•£ P\

14 GeV

2.11 ±0.11
5.55 i 0.40

3.91 ± 0.44
2.43 i 0.35
1.43 LL 0.22
0.72 r 0.14
0.1S6 ± 0.050
0.058 ± 0.027

0.1866 ± 0.0060
i

22 GeV

1.27 ± 0.16
4.75 ± 0.57
3.62 ± 0.41
2.73 ± 0.31
1.93 ± 0.27
0.91 ± 0.13
0.416 ± 0.097
0.145 ± 0 059
0.037 ± 0.014
0.0031 ± 0.0023

0.256 ± 0.020

35 GeV

0.774 ± 0.03S
3.21 ± 0.14
3.39 ± 0.12
2.59 ± 0.12
1.00 ± 0.11
1.239 ± 0.040
0.621 ± 0.045
0.261 ±0.017
0.0956 ± 0.007S
0.0205 ± 0.0038

0.3425 ± 0.0075

44 GeV

0.527 ± 0.04S
2.64 ± 0.17
2.93 ± 0.18
2.64 ± 0.22
1.95 ± 0.14
1.276 ± 0.077
0.630 ± 0.037
0.335 ± U.03S
0.150 ± 0.016
0.0399 ± 0.0072

0.418 ± 0.022
i i

Table 7.21

No t mal ized diatributiona of the average transverse momentum equared in the
event plane l/N dN/d< p3,, > (GeV/c)"3.

- p1...
(GeV/c) '

O.OU - 0.05
0.05 - 0.10
0.10- 0.15
0.15 - 0.20
0.20 - 0.30
0.30 - 0.40
0.40 - 0.50
0.50- 1.00
1.00 - 2.00

--' P'... •••

14 GeV

2.43 ± 0.25
6.72 ± 0.41
4.66 ± 0.40
2.44 ± 0.26
1.14 ± 0.21
0.41 ± 0.11
0.122 ± 0.056
0.034 ±0.011

22 GeV

1.43 ± 0.27
5.63 ± 0.39
4.59 ± 0.39
2.62 ± 0.26
1.42 ±0.16
0.59 ± 0.10
0.37 ± 0.11
0.087 ± 0.022
0.0029 ± 0.0020

0.1389 ± O.U050 j 0.193 ± 0.017

35 GeV

1.00 i 0.11
4.07 ± 0.13
4.00 ± 0.14
2.82 ± 0.11
1.598 i 0.052
0.853 i 0.049
0.476 ± 0.030
0.1730 ± 0.0083
0.0209 i 0.0031

0.2t3öö ± 0.0075

44 GeV

0.5S ± 0.17
3.44 ± 0.25
3.47 ± 0.23
2.83 ± 0.1S
1.626 ± 0.099
0.916 i 0.004
Ü.55S ± 0.042
0.240 i 0.015
0.0392 i 0.0064

0.334 i 0.023
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7.82

Normal ized diatributiona of th« average traruverse mumentum aquared Oft of the
event plane l/N dN/d< p\ > (GeV/c)-3.

<• /»:... -•
(CeV/c)'

U GeV

0.00 - 0.03
0.03 - 0.06
O.OC - 0.09
0.09 - 0.12
0.12 - 0.15
0.15 - 0.20
0.20 - 0.25
0.2J - 0.50

«. P!„. >

10.91 ± 0.99
14.5 ±1.1
5.1 ±1.1-
1.63 ±0.46
0.62 ± 0.32
0.1T1 ±0.039

0.0476 ± 0.0038

22 GeV

C.63 ± 0.57
13.89 ± 0.90
8.04 i 0.90
3.00 ± 0.6ö
1.15 ±0.40

0.0628 ± 0.0040

35 GeV

3.92 i 0.27
12.81 .1. 0.45
8.49 i. 0.5S
4.15 i 0.24
2.00 } 0.24
0.73 i 0.12
0.31 ±0.11
0.04!) l 0.018

0.0734 a 0.0037

44 GeV

3.16 ±0.33
11.33 ±0.44

Ö.7S ± 0.59
4.58 ±0.38
2.51 ±0.30
0.92 ± 0.16
0.28 ±0.11
0.089 ±0.033

0.0834 ± 0.0037

Tatl* 7.23

Normal ized diatributiona of the acaled longitudinal momentum l/olfläa/dxtt,
where x = Zp/iy.

'l

0.02 0.03
0.03 - 0.04
0.04 - 0.05
0.05 - 0.06
0.06 - O.OS
O.OS - 0.10
0.10 - 0.12
0,12 - 0.14
0.14 - 0.1C
0.16 - 0.18
0.18 - 0.20
0.20 - 0.25
0.25 - 0.3(1
0.30 0.30
0.35 0.40
0.40 - 0.50
0.50 - 0.60
0.60 - O.SO
0.60 - 1.00

14 G* V

66.3 ± 2.6
64.0 ± 5.0
58.5 ± 2.4
50.2 ± 2.7
41.7 ± 1.5
31.0 ± 1.6
20.4 ± 1.6
21.5 ± 1.3
17. Sl ± 0.90
15.6 i 1.3
13.0 ± 1.1
9.36 x 0.51
6.58 ± 0.44
4.61 ± 0.34
2.77 i 0.27
1.64 ± IU5
0.94 ± 0.18
0.231 ± 0.035
0.057 ± 0.018

22 GeV

99.1 x 4.5
86.5 ± 4 3
76.1 x 36
64.2 ± 3.4
51.2 ±2.1
3S.7 ± 1.5
31.6 ± 1.4
22.2 ±1.1
20.0 i 1.2
14.19 - 0.01
13.6 ± 1.1
9.86 x 0.66
G. 10 x 0.52
4.30 x 0 48
3.04 ± 0.37
1.61 ± 0.18
0.82 i 0.17
0.315 ± 0.073
0.042 ± 0.020

35 GeV

140.0 x 2.1
113.7 ± 1.8
tfl.8 ± 1.4
73.7 ± 1.1
57.01 ± 0.63
43.0 ± 1.3
31.38 ± 0.45
25.60 ± 0.36
20.42 ± 0.37
16.21 r 0.3G
13.54 ± 0.34
9.50 i (1.19
6.06 ± U. 16
3.96 ± 0.13
2.05 ±0.11
1.522 o. 0 057
0.744 ± 0.033
0.257 ± 0.016
0.028 ± 0.011

44 GeV

154.8 IL 2.5
123. Ö :t 2.5
9S.3 - 2.ö
80.9 ±. 3.7
59.8 x 1.4
43. C ± 1.8
32.93 ± 0.87
2C.7 ± 1.3
20.17 ± 0.94
16.35 ± 0.56
12.80 ± 0.50
9.37 ± 0.34
5.80 :t: 0.24
3.S3 ± 0.23
2.67 ;r 0.20
1.50 i 0.1U
0.030 i 0.057
0.2'J2 :L 0.021
0.0209 il 0.0051!
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Fig. 7.24. Normalized diatributiona of the scaled longitudiiml momentum
, where r„ = 2pH/W &t iv"=14, 22, 35 und 44 GeV.
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Table 7.24

Normalized diatributiona of the ocaled iongitudinal momentum l/a,olda/dxai

where xu = 2/>ll/W in the binning used in ata.

'j

O.U2 - Ü.Ü5
0.05 - 0.10
0.10 - 0.20
0.20 - 0.30
0.30 - 0.40
0.40 - 0.50
0.50 - 0.70

14 GeV

62.3 ± 3.5
39-1 ± 1.4
18.8S ± 0.43

7. 9ö ± 0.32
3. 09 ± 0.26
1.64 ± O.lö
0.615 ± 0.076

22 GeV

S7.2 - 2.5
48. 8 x 1.3
20.31 x 0.4S

8.01 z 0.31
3.67 ± 0.29
1.61 ± 0.18
0.62 x 0.13

35 GeV

115.2 i 1.5
54.76 ± 0.70
21.42 l 0.21

7.78 ± O.lä
3.3U4 T 0.093
1.522 ± 0.057
0.546 x 0.02-t

44 GeV

120. 7 ± 1.7
57,6 ± 1.4
21.81 x 0.43

7.59 ± 0.22
3.24 ± 0.14

1.50 i 0.10
0.478 ± 0.031

Table 7.25

Fit results to the o- dependence of the scaled cross seclion \jatotdafdxH

Cj(l + c3ln(a/ta)). where a„ = l GeV3.

*ü

0.02 - 0.05
0.05 - 0.10
0.10-0.20
0.20 - 0.30
0.30 - 0.40
0.40 - 0.50
0.50 - 0.70

t|

-85. ± 10.
-2.01 ± 0.24
12.0 ± 1.6
9.0 ± 1.1
4.91 i O.S6
1.99 ± 0.52
1.01 ± 0.25

et

-0.329 ± 0.023
-3.9S ± 0.60

0.110 ± 0.033
-0.019 ± 0.015
-0.040 ±. 0.017

0.033 ± 0.029
-0.067 1; 0.018

t^l ' C-2

28.1 ± 1.5
7.9S x 0.73
1.32 ~ 0.23

-0.17 r 0.15
-0.22 ± 0.12
-O.ÜGli ± 0.074
-0.067 x 0.035
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Norm&lized difltributions
L, where x± =

Table 7.20

of the ecaled tranaverae momentum

I J_

0.00 - 0.01
0.01 - 0.02
0.02 - 0.03
0.03 - 0.04
0.04 - 0.05
0.05 - 0.06
0.06 - 0.07
0.07 - 0.08
0.08 - 0.09
0.09 - 0.10
0.10 - 0.12
0.12 - 0.14
0.14 - 0.16
0.16 - 0.18
0.18 - 0.20
0.20 - Ü.25
0.25 - U. 30

14 GrV

51.5 ± 3.7
104.9 ± 6.7
132.3 ± 4.9
131.9 ± 5.C
118.5 ± 4.9
92.0 ± 5.5
72.9 ± 3.4
51.4 ± 2.5
37.2 ± 2.4
30.4 ± 2.C
16.4 i 1.1

7.S2 ± 0.66
4.S4 i! 0.67
2.63 ± 0.53
1.05 i 0.33
0.41 i 0.15
0.22 -1 0.11

22 GeV

120.7 ± 4.7
224.4 ± 6.6
230.S ± 7.6
175.8 ± 4.7
118.6 ± 5.2

79.4 ± 4.4
51.4 ± 2.0
30.7 ± 3.2
21.S ± 2.1
12.8 ± 1.4
7.6 ± 1.9
4.12 ± 0.72
1.76 ± 0.59
1.46 i 0.51
1.8 ± 1-3
0.15 ± 0,12

35 GeV

293.0 ± 6.4
418.5 ± 5.2
281.4 ± 3.3
156.2 ± 2.2

85.7 ± 1.6
48.3 ± 1.1
26.1 ± 1.3
17.59 ± 0.6S
11.32 ± O.C9

7.03 ± 0.34
4.22 ± 0.26
1.97 ± 0.13
1.07 ± 0.13
0.519 ± O.OC1
0.331 ± 0.061
0.183 ± O.Ü43
O.OC1 ± 0.021

41 GeV

421.9 ± 9.8
485.S i 5.9
270.5 ± 4.4
131.6 ± 3.6
69.3 ± 2.8
3S.4 ± 1.4
21.86 ± 0.96
14.21 ± 0.81
9.28 ± 0.77
0.21 ± 0.57
3.91 ± 0.3ti
1.83 i 0.31
l.Oö ± 0.17
0.53 ± 0.14
0.29G ± 0.094
0.153 1: 0.056
0.026 r 0.017
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Fig. 7.27. Normaliled distribution» o( tlie angl« a between the ctiarged particie
directioci and the thruat axis l/a(e( da/da at H' = 14. 22, 36 and 44 GeV.



Table 7.27

Normalized diatributtona of the angle a between the charged particle direction
and tKe thruat &xu> l j af,f da jda.

(aj 14 GrV

U - 5.

5. - 10.
10 - 15.
15 - 20.
20. - 25.
25. - 30.
30. - 35.
35 - 40.
40. - 45.
45. - 50.
50. - 55.
55. - 60.
60. - 65.
65. - 70.
70. - 75.
75. - 80.
60. - 85.
85. - 30.

0.0630 - ü. 00-13
0.15S6 - 0.0051
0.17-13 r 0.0070
0.1762 ~ 0.0054
0.1521 - 0.0033
0.1404 : 0.0035
0.1232 -- 0.0047
0.1007 ± 0.0043
0.1004 ± 0.0048
0.0920 i 0.0060
0.0851 ± 0.0044
0.0735 ± 0.0055
0.0696 i 0.0042
0.0650 x 0.0061
O.OC47 i 0.0072
0.0614 ± 0.004S
0.0556 x 0.0037
0.0237 - 0.0049

22 GeV

0.1227 ± 0.0069
0.2500 ± O.OOS6
0.2C2 ± 0.012
0.222 ± 0.013
0.192 ± 0.010
0.1567 ± 0.0096
0.1416 ± 0.0075
0.1208 ± 0.0081
0.1122 ± 0.0058
0.0898 ± 0.0066
0.0849 ± 0.0053
0.084G ± 0.0073
0.0721 ± 0.0062
0.0622 ± 0.0059
0.0670 ± 0.0061
0.0545 ± 0.0057
0.0563 ± 0.0050
0.0406 ± 0.0079

35 GeV

0.2371 ± 0.0062
0.3S41 ± 0.0052
0.3370 ± 0.0079
0.2715 ± 0.0052
0.214$ ± 0.0057
0.1807 ± 0.0051
0.1554 ± 0.0030
0.1310 ± 0.0033
0.1167 ± 0.0023
0.1024 ± 0.0031
0.0944 ± 0.0026
0.036S ± 0.0029
0.0301 ± 0.0020
0.0752 ± 0.0020
0.0726 ± 0.0022
0.0694 ± 0.0019
0.0690 ± 0.0022
0.0521 ± 0.0039

44 G t- V

0.2995 ± O.OOSO
0.452 ± O.OU
0.361 ± 0.016
0.2S6 ± 0.010
0.22S1 ± 0.0076
0.1900 ± 0.0045
0.1541 ± 0.0036
0.1406 ± 0.0042
0.1256 ± 0.0034
0.1077 ± 0.0034
0.0990 ± 0.0033

0.0890 ± O.Ü042
0.0790 ± 0.0046
0.0751 ± 0.0039
0.0741 ± 0.0046
0.0693 ± 0.0029
0.0679 ± 0.0028
0.0550 x 0.0044

close to the event axia tmt they also itiow, that the particles emitt«d cloae to t ha t axia
carry more and more momentum aa compared to the particle* emilted at larger anglea.

7.4.4 Rapidity Distribution

The particle production ia often atudied in terma of the rapidity (aee Chapter 2) y =

y In ^ J"^ ) w'th lhe longitudinal momenta denned with respect to the thcuat axia. To

produce Fig. 7.29 (and Table 7.20) it waa aaaumed, that all the parttclea were pions (both
in the Monte Carlo and in the data). Aa the thruat axia waa not oriented, the diatributiona
tvere folded around y = 0. The normal ized crosa aection increaaea with energy and the
diatributions b«come broader. There ia a dip near y = 0 and the diatributiona have a
maximum fot l < y < 2. Of courae one can plot rapidity with reapect to an other axia
e g. the Panai tenaor axis, Such a diatribution ia preaented in Fig. 7.30 (Table 7.30). Aa
one can aee the dip at y = 0 ia rnuch leaa pronoucced and there are even araall maxinia at
y = 0 at 35 and 44 GeV. To investigate the rapidity apectrum in more de t all 8 aoine Monte
Carlo atudiea were done, the resulta of which are preaented in the next aectkm
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Flg. 7.28. Charged momentum flow -j^- ^ —— ̂ - /7 -£iz*r around tlio thruat

axia at W = 14, 22, 35 and 44 GeV
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Table 7.28

Charged momentum flow -jJ. = J_ J- /, j^-'i- around the thruat axis.

n
H

0. - 5-
5. - 10.

10. - 15.
15. - 20.
20. - 25.
25. - 30.
30. - 35.
35. - 40.
40. - 45.
45. - 50.
50. - 55.
55. - 60.
60. - 65.
65. - TU.
70. - 75.
75. - 80.
80. - 85.
85. - 90.

14 GeV

0.0147 ±0.0015
0.0314 ±0.0020
0.02SS ±0.0022
0.0247 ±0.0018
0.01SS ±0.0017
0.0152 ±0.0016
0.0116 ±0.0012
O.OOS7 ±0.0010
0.00794 ± 0.00099
0.00701 ±O.OU094
0.00586 ± O.Ü003S
0.00482 iO.OOÜSO
0.00435 ± 0.00077
0.00394 ± 0.00079
0.00390 ± 0.00079
0.00344 ± 0.00079
0.00281 ± 0.00075
0.00102 ±0.00059

22 GeV

0.0240 ±0.0025
0.0419 ±0.0034
0.0333 ±0.0033
0.0230 ±0.0022
0.0159 ±0.0018
0.0116 ±0.0014
0.0091 ±0.0014
0.0075 ±0.0011
0.0062 ±0.0010
Ü. 00441 ± O.OOOS9
0.00405 ± 0.00033
0.003S3 ± O.OOU95
0.00312 ±0.00073
0.00246 ±0.00068
0.00243 ±0.00067
0.00207 ± 0.00065
0.00204 ±0.00071
0.00112 ±0.00065

35 GeV

0.0399 ±0.0012
0.04320 ±0.00100
0.0306 ±0.0014
0.01918 ±0.00075
0.01283 ±0.00058
0.00933 ± 0.00047
0.00707 ±0.00031
0.00543 ± 0.00028
0.00446 ± 0.00025
0.00371 ± 0.00024
0.00309 ± 0.00022
0.00275 ±0.00022
0.00245 ± 0.00020
0.00217 ±0.00019
0.00200 ±0.00019
0.00184 ± 0.00018
0.00174 ±0.00019
0.00110 ±0.00019

44 GeV

0.0467 ±0.0023
0.0499 ±0.0019
0.0275 ±0.0017
0.0175 ±0.0010
0.01187 ±0.00077
0.00373 ± 0.00066
0.1)0633 ±0.00052
0.00520 ± 0.00049
O.U0430 :tÜ. 00047
0.0032U± 0.00040
0.00303 ± 0.00039
O.OU252 ± Ü.OOÜ35
O.OÜ202 ± 0.00035
0.00192 ±0.00034
0.00190 ±0.00033
0.00157 ±0.00030
0.001 43 ±0.00031
0.00100 ± 0.00029

7.5 Single Particle Distributions with Respect to the
Oriented Event Axis

7.5.1 Orientation of the Eveot Axis

Baaed on the QCD picture one expecta a relatively large percentage of gluona, which are
ooft or parallel to the emitting quark. In auch a c&ae an event will look two-jet like, with
one Jet broader than the other one. If for Buch an event one determinea an event axia
(uaing e.g. thruat axia). cuta the event in two parta by a plane perpendicular to thia axia
and calculatea £/>A for each side of the plane aeparately, one will deal moatly with quark
jeta for the aide with amaller £p.t (thereafter called "narrow jeta") and with a mixture
of quark and gluon Jets on the oppoaite aide (thereafter called "wide jeta"). Since the
direction of the event axia may duTer from the direction of the moat energetic quark and
aince 1t ia difficult or sometimeo undeairable («ee e.g. DOK88] to oaaign a particle to a
«pecific jet, in order to Orient the event axia the following procedure waa applied.

Firet an event axU waa determined, (thrust, sphericity or Pari s i tenaor axis) then all
aoft (xf < .05) particles from the middle region (70* < 9 < 110", where d is the angle
between the event axia and the particle direction) aijd alt perpendicular (35* < 6 < 95")
particles were rejected. Then the ^.p^ waa calculated for each of the event aide and the
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Fig. 7.20. Normalized rapidity diatributions with reapect to the thruat axia

1/<7,0, dafdy (folded around y = 0) at Tv = 14, 22, 35 and 44 GeV.
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Table 7.28

Normalized rapidity diätributiona witb reapecl to the thrust axi» l/alfl da/dy
(folded vound v = 0).

y

0.0 - 0.2
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
1.0 - 1.2
1.2- 1.4
1.4 - 1.6
1.6-1. S
1.8-2.0
2.0 - 2.2
2.2 - 2.4
2.4 -2.6
2.6-2.6
2.8 - 3.0
3.0 - 3.2
3.2 - 3.4
3.4 - 3.6
3.6 - 3.8
3.8 - 4.0
4.0 - 4.2
4.2 - 4.4
4.4 - 4.6
4.6 - 4.8
4.8 - 5.0
5.0-5.2

14 GeV

3.30 T 0.20
4.0S ± 0.38"
3.99 - Ü. lö
4.33 i 0.23
3.9J - 0.2S
4.07 ± 0.14
3.9S ± 0.13
3.55 ± 0.12
3.31 i 0.15
2.82 ± 0.14
2.18 i 0.11
1.61 ± 0.13
1.292 i 0.072
0.991 i 0.085
0.634 i 0.064
0.390 ± 0.047
0.189 ± 0.032
0.103 ± 0.023
0.043 i 0.022
0.033 - 0.021
0.017 d- 0.011

22 GeV

3.50 ± 0.26
3.98 ± 0.21
4.19 ± 0.23
4.35 ± 0.36
4.41 ± 0.24
4.45 ± 0.22
4.51 ± 0.30
4.48 ± 0,22
4.21 ± 0.14
3.87 ± 0.22
3.12 ± 0.17
2.73 ± 0.15
2.18 ± 0.13
1.71 ± 0.12
1.04 ± 0.10
0.77 ± 0.11
0.568 ± 0.078
0.354 ± 0.063
0.195 ± 0.044
0.085 ± 0.029

35 GeV

4.26 ± 0.13
4.52 ± 0.12
4.66 ± 0.12
4.66 ± 0.19
4,90 ± 0.12
4,97 i 0.12
5,10 x 0.12
5.01 ± 0.14
4.857 ± 0.089
4.679 i 0.096
4.321 ± 0.080
3.792 ± 0.067
3.270 ± 0.059
2.716 ± 0.047
2.009 ± 0.057
1.593 ± 0.050
1.092 ± 0.033
0.780 ± 0.033
0.504 ± 0.028
0.287 ± 0.015
0.200 ± 0.015
0.095 ± 0.010
0.0516 ± O.OÜG4
0.0209 ± 0.0051
0.0148 ± 0.0042
0.0045 ± 0.0037

44 GeV

4.26 ± 0.17
4.58 ± 0.24
4.61 ± 0.18
5.04 ± 0.15
5.10 ± 0.11
5.04 ± 0.15
5.38 ± 0.12
5.19 ± 0.20
5.26 ± 0.15
4.93 ± 0.14
4.62 ± 0.18
4.21 ± 0.26
3.79 ± 0.13
3.25 1 0.10
2.54 ± 0.11
1.908 i 0.085
1.460 ± 0.096
1.022 ± 0.056
0.663 i 0.060
0.465 ± 0.039
0.304 ± 0.036
0.135 ± 0.029
0.064 ± 0.019
U.042 ± 0.012
0.0275 ± 0.0093
0.0105 ± 0.0069
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Fig. 7.30. Normalized rapidity diatributiona with reapect to the Parisi 11 n so r
axis 1/ai.tda/dy (folded aroiind y = 0) at >V = 14, 22, 35 and 44 GeV.
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Table 7.30

Normalized rapidity diatributiona with reepect to tbe Parisi tenoor axia
l/alfi dafdy (folded around y = 0).

y

0.0 - 0.2
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
1.0- 1.2
1.2-1.4
1.4- 1.6
1.6 - 1.8
1.8 -2.0
2.0 - 2.2
2.2 - 2.4
2.4 - 2.6
2.6 - 2.8
2.8 - 3.0
3.0 - 3.2
3.2 - 3.4
3.4 - 3.6
3.6 - 3.8
3.8 - 4.0
4.0 - 4.2
4.2 - 4.4
4.4 - 4.6
4.6 - 4.8
4. S - 6.0
5.0 - 5.2

14 GeV

3.90 ± 0.27
4.07 ± 0.25
3.79 ± 0.15
3.89 ± 0.30
3.73 ± 0.32
3.94 ± 0.16
3.90 ± 0.14
3.47 ± 0.15
3.29 ± 0.16
2.90 ± 0.17
2.23 ± 0.16
1.75 ± 0.11
1.2S5 3 O.U96
1.040 ± 0.039
0.706 ± O.OÖS
0.435 ± 0.059
0.240 ± 0.034
0.145 ± 0.029
0.055 ± 0.026
0.053 ± 0.024
0.0110 -s. 0.0077

22 GeV

3.86 ± 0.24
3.86 ± 0.23
4.20 ± 0.22
4.13 ± 0.31
4.34 ± 0.24
4.25 ± 0.25
4.53 ± 0.37
4.45 ± 0.18
4.08 ± 0.15
3.68 ± 0.18
3.30 ± 0.27
2.S5 ± 0.21
2.09 ± 0.14
1.78 ± 0.13
1.27 ± 0.16
0.89 ± 0.12
0.505 ± 0.099
0.343 ± 0.067
0.218 ± 0.051
0.087 ± 0.053

35 GeV

4.63 ± 0.13 •
4.438 ± 0.094
4.55 ± 0.15
4.54 ± 0.16
4.73 ± 0.14
4.83 ± 0.10
5.04 ± 0.14
4.913 ± 0.092
4.899 i 0.097
4.621 ± 0.071
4.362 ± 0.032
3.S62 ± 0.060
3.337 ± 0.043
2.771 ± 0.041
2.U73 ± 0.049
1.622 ± 0.050
1.143 ± 0.039
0.847 ± 0.027
0.439 ± 0.021
0.310 ± 0.022
0.134 ± 0.020
0.095 ± 0.013
0.047 ± 0.011
0.0206 ± 0.0055
0.0136 ± 0.0055
0.0051 ± 0.0020

44 G«: V

4.65 ± 0.22
4.53 ± 0.1S
4.56 ± 0.16
4.80 ± 0.13
4.00 ± 0.17
4.9ß ± 0.14
5.22 ± 0.16
5.23 ± 0.18
5.17 ± 0.17
4.94 ± 0.12
4.67 ± 0.15
4.39 ± 0.24
3.74 ± 0.11
3.30 ± 0.10
2.62 ± 0.10
1.958 ± 0.096
1.565 ± 0.066
0.999 ± 0.064
0.658 ± 0.045
0.453 ± 0.043
0.295 ± 0.033
0.168 ± 0.030
O.OS9 ± 0.017
0.045 ± 0.017
0.018 ± 0.011
0.0086 ± 0.0045
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direction of the narrow jet momentum waa declared to be positive. The above mentiuned
cuta on particles emitted at specific angtea were done to define the orientation of the axia
only, so no particle was rejected due to thoae cuta in the fur ther onalyai» and all of thcm
enter inlo the ahown diathbutiona.

7.5.2 Rapidity Distribution

Fig. 7.31-7.33 ahow the rapidity dutributioiu with reapect to the oriented thruat, aphericity
and Pariai tenaor axis, compared to the rapidity diatributiona with reapect to the moat
energetic quark direction obtained with the Lund O(a^) Monte Carlo Programme. A
small dip near y = 0 in Fig. 7.31 ahowing rapidity plotted with respect to thruat axia ia
viaible. In further analyaia the Pariai tensor axia waa uaed to determine the event axia.
b«cauae the rapidity apectrum plotted with reapect to this axis reue m bleu more cloaely
the Meinte Carlo apectrum with reapect to the moat energetic quark momentum direction.
(The dietributiona with reopcct to t hat tenoor axia are ahiftcd towardv the Icft by about .2,
aa compared to the diatribution with respect to the quwk momentum vector.) Fig. 7.34
ahowa how the aaaumption, that all the emitted particlee sre piona, changea the rapidity
apectrum. Aa one can aee, thia caua«a the diatribution to be broader by about .1 unit.

Fig. 7.35 ahowa a compariaon of the Lund plua MONSTER Monte Carlo calculationa
with the data. The rapidity diatribytions aa meaaurement by the TASSO detector at
44 GeV ar« well deacribed by the Monte Carlo.

Ftg. 7.33 U baaed on the Monte Carlo atudiea performed with Lund O(a') Monte Carlo
in order to underatand the ahape of the rapidity apectrum. The corrected (in the aenae
deacribed at the beginning of this chapter) rapidity apectrum with reapect to the oriented
Pariai tenaor axU u given in Fig. 7.37 (Tabie 7.31 and 7.32). The apectrum reveala the
following featurea: U ia aaymmetric with reepect to the y = 0 There are more particles
on tha wide Jet (qu&rk-gluon Jet or wider quark Jet) eide. The widc jct apectrum ia »öfter
i.e. ita maximum falb cloaer to the y = ü &a compared to the narrow jet maximum. If
one comparea Fig. 7.30 and 7.37, one aeea, that thia is the influence of gluona, which ehifta
the maximum of the wide jet towarda y = 0 and increaaea the multiplicity of that jet
6 and c quark s aflect the apectrum by increaaing the overall multiplicity, but they alao
increaae the particle yield eapeciaDy in the y = 2 region (compare daahed and füll line in
Fig. 7.36). Furthermore the gtuon emiaaion changea the ahape of both jeta eapecially in
the region cloae to y = 0, which may be due to the contamination of the ntirrow jet by the
quark-gluon jeta. or by having a gluon in the central region. Going back to Fig. 7.30 one
•««a, that the plateau in th* region l £ y £ 2 ia cauaed by tha fact, that the maxiraa far
the narrow and wide jet appear at different y valuea (due to the gluon emiaaion).

7.5.5 Scaled Momentum Distribution

One of the variables to atudy multigluon phenomena (auggeated e.g. in [DOK8ä]) ia
\n(i/xf). A diatributian of auch a variable waa already ahown in Fig 7.6, where all ch&rged
particlea were taken inlo account.

Fig 7.3» and 7.30 (Table 7.34 and 7 35} give aimilar diatribuliona, but thia time for
charged particles in the narrow and wide Jet aeparately. The Parisi tenaor axia waa used to
define the jeta; for the detaila aee the previoua aection. Thia time, at leaat for the narrow
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0.4

0.3

0.2

0.1

0.0

most ener. quark axi;.

thrusl axis. all

thrust axis. charged

Lund 6.3 0(a|)

44 GeV

no detector

no rad effects

pion masses

-6.0 4.0 2.0 0.0 2.0 4.0 6.0
Rapidily

Rapidity w.r.t . oriented axis

Flg. 7.31. Lund O(a]) Monte Carlo Programme rapidity diatributiona with re-
apect to the oriented thruat axis l/atttd<r/äy at H'= 44 GeV. compared to the
rapidity ptot with reapect to the moat «nergetic quark direction. The rapidity
with reapect to the quark direction u plotted for all particlea (füll line) and with
reapect to thruat axia for &11 (dotted line} and only charged (daahed line) particlea.
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0.4

0.3

0.2

0.1

0.0

most ener. quark axi;

sphericity axis, all

sphericity axis, charged

Lund 6.3 0(a|)

44 GeV

no detector

no rad effects

pion masses

-6.0 -4.0 -2.0 2.0 4.0 6.0
Rapidi ty

Rapidity w.r.t. oriented axis

Fig. 7.32. Lund O(aJ) Monte Carlo Programme rapidity distributiona with re-
apect to the oriented ephericity axb l/ai,ida/dy at IV=44 GeV, compared to
the rapidity plot with reapect lo the moat energetic quark direclion. The rapid-
ity with respect to the quark direction U plotted for all particlea (füll line) and
with reapect to sphericity axis for all (dotted line) and only charged (daahed line)
particlea.
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0.4

0.3

0.2

0.1

0.0

most ener quark axis

Parisi tensor axis, all

Parisi tensor axis,

Lund 6.3 0(a|)
44 GeV

no detector

no rad effects

pion masses

-6.0 -4.0 -2.0 2.0 4.0 6.0
Rapidity

Rapidi ty w.r . t . oriented axis

Fig. 7.S3. Lund O(aJ) Monte Carlo programme rapidtty distributiona with re-
epect to the oriented Pariai tensor axia l/oltt dafdy at W=44 GeV, conipared to
the rapidity plot with reapect to the most energetic quark direction. The rapidity
with respect to the quark direction ia plotted for all particles (füll line) and with
reapect to Pariai tensor axia for all (dotud line) and only charged (d&shed line)
particles.
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0.3

0.2
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0.0
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44 GeV

no deLecLor
no rad effecls
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6.0
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Fig. 7.34. Lund O(a^) Monte Carlo program me rapidity diatribuliona with re-
•pect to the most energetic quark dirtction at P V =44 GeV with correct particle
maaaes (fül l line) and with pion m aas« s aa^umed for all the particles (dashed line).



4.0
44 GeV

TASSO

LUND 6.3
— LLA*0(as>

3.0

2.0

1.0

0.0
-6.0 -2.0 0.0 2.0 4.0 6.0

y = Rapidity (Parisi Tensor Axis)

Fig. 7.36. Uncorrected rapidity dutributions with reepect to Parai tensor axia
at tV=44 GeV. TASSO data (poinU) and Lund LLA+O(a,) Monte Carlo (füll
line) Lund O(a?) Monte Carlo (dotted line).
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0.3

0.2

0.1

0.0

Lund 6.3 0(a|)

44 GeV

no deleclor

no? rad ef fec tsStandard MC

pjori

cha;rged particles

No gluons .:"

-6.0 -4.0 -2.0 0.0 4.0 6.0
Rapidily

Rapidity w.r.t. oriented Parisi Lensor axis

Fig. T.36. Lund Ofa?) Monte Carlo Programme rapidity distributiona with re-
spect to the oriented Paciai tensor axia l/ottlda/dij at W = 14 GeV (fül l line),
with only d,u and t quarka produced in the e*e." annitiilation (daahed line). with
primftry reaonancea not allowed to decay (daohed-dottud line), with the QCD
gluon radiation awitched olf (dotted line).
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10— t
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Fig. 7.37. Normalized rapidity distributiona with reapect to Uie ohented Pariai
Unsor axis \jo,lt da/Jy at W=14, 22, 35 and 44 GeV.
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Table 7.31

Normalized rapidity diatributkma with reepect to tlte orienled Farisi tenaor axia
l/<7|ai dafdy (pari 1).

y

-4.8 - -4.6
-4.6 - -4.4
-4.4 - -4.2
-4.2- -4.Ü
-4.0 - -3.8
-3. 8 --3. 6
-3.6 - -3.4
-3.4 - -3.2
-3.2 - -3.0
-3.0- -2.8
-2.8 - -2.6
-2.6 --2.4
-2.4 - -2.2
-2.2 - -2.0
-2.0 - -1.8
-1.8- -1.6
-1.6- -1.4
-1.4- -1.2
1.2 - 1.0

-1.0 - -0.8
-0.8 - -0.6
-0.6 - -0.4
-0.4 - -0.2
-0.2 - 0.0

H GeV

0.016 ± 0.012
0.044 ± 0.034
0.080 ± 0.018
0.145 ± 0.028
0.315 ± 0.047
0.514 ± 0.056
0.614 ± 0.057
0.841 ± 0.078
1.13 ± 0.11
1.60 ± 0.14
1.84 ± 0.11
2.10 ± 0.12
2.47 ± 0.16
2.53 ± 0.11
2.34 ± 0.17
2.60 ± 0.24
2.43 ± 0.15
2.61 ± 0.15
2.10 ± 0.25

22 GeV

0.091 ± 0.034
0.143 ± 0.043
0.188 ± 0.047
0.358 ± 0.058
0.583 ± 0.077
0.935 ± 0.089
1.09 ± 0.13
1.54 ± 0.15
1.78 ± 0.11
2.05 ± 0.13
2.32 ± ü.17
2.74 ± 0.15
2.74 ± 0.35
2.74 ± 0.13
2.87 ± 0.16
2.71 ± 0.20
2.86 ± 0.20
2.27 ± 0.12
1.92 ± 0.15

35 GcV

O.OU48 - O.Ü022
0.0127 ± 0.0072
0.0269 ± 0.0050
0.057 x 0.012
0.111 i 0.020
0.189 ± 0.018
0.318 x 0017
0.479 ± 0.026
0.701 ± 0036
0.991 ± 0.027
1.373 x Ü.U32
1.694 ± O.U35
2.056 ± 0.040
2.420 ± 0.058
2.716 ± O.OC2
2.911 ± 0.050
3.08U ± 0.075
3.164 ± 0076
3 152 - O.US3
3.109 ± 0.083
2.965 x 0.094
2.937 ± O.OS3
2.631 ± 0.054
2 480 ± O.OC7

44 GeV

0.0073 ± 0.0061
0.0247 ± 0.0078
0.043 x 0.015
0.092 ± 0.015
0.175 1 0.020
0.263 ± 0.031
0.412 ± 0 036
0.056 ± 0.043
0.917 ± 0.058
1.17s) ± 0.070
1.639 ± 0.070
1.91 i 0.11
2.40 ± 0.17
2.583 ± 0.072
2.98 ± 0.11
311 x 0.12
3.32 ± U. 15
3 32 x 0.13
3 29 ± 0.14
3.31 ± 0.16
3.134 x 0.099
2 91 ± 0.13
2.65 ± 0.12
2.47 ± 0.16



Table 7.32

Normalized rapidity diatributiona with reapect to the oriented Paria l tensor axia
l/<?i*i dffjdtj (pari 2).

!/

0.0 -0.2
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
1.0- 1.2
1.2- 1-4
1.4- 1.6
1.6 1.8
1.6 - 2.0
2.0 - 2.2
2.2 - 2.4
2.4 - 2.6
2.6 - 2. S
2.8 - 3.0
3.0 - 3.2
3.2 - 3.4
3.4 - 3.6
3.6 - 3.8
3.8 - 4.0
4.0-4.2
4.2-4.4
4.4 - 4.6
4 .6-4 .S
4.8-5.0
5.0 - 5.2

14 GeV

1.82 ± 0.10
1.48 ± 0.16
1.30 x 0.12
1.331 ± 0.0%

22 GeV

1.94 ± 0.14
1.60 - 0.19
1.36 - 0.15
1.44 i 0.14

1.41 ± 0.18 ; 1.51 ± 0.15
1.426 ± 0.09U
1.45 ± 0.11
1.40 ± 0.13
1.480 ± 0.096
1.32 ± 0.16
1.10 ± O.H
0.921 ± 0.073
0.682 ± O.OS4
0.536 ± 0.054
0.332 ± 0.060
0.290 ± 0.045
0.162 ± 0.027
0.102 x 0.023
0.039 ± 0.01S
0.041 ± 0.010
0.0103 ± 0.0090

1.52 ± 0.18
1.81 ± 0.12
1.76 ± 0.14
1.76 ± 0.12
1.638 ± 0.099
i. 52 ± 0.20
1.31 ±0.11
1.02 ± 0.14
0.847 ± 0.099
0.69 ± 0.11
0.545 ± 0.099
0.32 ± 0.10
0.202 a: 0.044
0.125 ± 0.042
0.055 ± 0.031

35 GeV

2.154 ± 0.075
1.812 ± 0.074
1.633 ± 0.092
1.589 ± 0.088
1.630 ± 0.068
1.687 ± 0.047
1.875 ± 0.079
1.843 ± 0.033
1.9 W ± 0.096
1.917 ± 0.032
1.944 ± 0.039
1.816 ± 0.049
1.646 ± 0.04S
1.405 ± 0.034
1.0S2 ± 0.039
0.919 ± 0.049
0.664 ± 0.031
0.532 ± 0.027
0.300 ± 0.020
0.19T ± 0.013
0.126 ± 0.013
0.069 ± 0.011
0.0341 ± 0.0071
0.0155 ± 0.0042
0.0114 ± 0.0044
0.0040 ± 0.0016

44 GeV

2.180 ± 0.088
1.87 ± 0.12
1.661 ± 0.068
1.675 ± 0.085
1.692 ± 0.085
1.683 ± 0.077
1.903 ± 0.062
1.919 ± 0.074
2.07 ± 0.14
1.97 ± 0.11
2.09 ± 0.13
1.993 ± 0.097
1.837 ± 0.097
1.663 ± 0.07S
1.442 ± 0.077
1.034 ± 0.063
0.905 ± 0.049
0.581 ± 0.050
0.391 ± 0.038
0.272 ± 0.035
0.202 ± 0.037
0.129 ± 0.029
0.062 ± 0.015
0.041 ± 0.01T
0.016 ± 0.011
0.0088 ± 0.0062

jet on« deala rnoatly with a quark Jet. Fig. 7.40 and 7.41 (Table 7.33 and 7.37) preaent the
aame diatributions aa in the previona figurea, but for particlea emitted at anglea amaller
than 20* to the event axia. Dokaitzer and Troyan in (DOK84) predicted the asymptotic
ahape of the aoft hadrou apectrum l/ol0l da/d\n(\/xr) in the e+e~ Annihilation in the
framework of the Modined I^eadmg Logarithm Approximation and with the aaaumption of
the Local Partoa-Hadron Duality. They alao predicted, that the ehape of the diatribution
for the gluon and quark Jets ahould be the aame and that theee apectra ahould onty be
difFerent by a multiplicative constant when the jet energiea are the aame [DOK86]. In
[DOK08] they give an expresaion for the poaition of Ihe maximum xflt of the hadrona
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•pectrum The formula reada:

= -Y
b_

18AT,

«her«

V *"
l Al 2 n, \1 2

• ß = I \V W ' + 77r i J and * = v w « - T n /6

where N, and nf are the number of colöura and the number o( quark flavoura, £^,, and 6
are the Jet energy and the opening angle of the cone, which has the event axia aa ita axia
and A u a QCD acale parameter.

One can mvert the above formula &nd knowing the poaition of the maximum of the
l/atf,da/d\n(l/xr) apectrum, calculate the value of A. Then

A = E,., «xp -

where c* =
t t

Table 7.33 ahowa the poaition of the maximum ln(l/xpg) of apectra. preaented in
Fig. 7.5, Fig. 7.38 and 7.39 and calculated correaponding valuea of A, 1t waa aaauined,
that Ejtl ^ Wjl.Nt = 3tnt = 5.

'fable 7.33

Maxima of the \fatat da/d In (l /i, ) and tue corresponding A valuea for all par-
ticlea and for narrow aud wjde Jet aeparately (for 0 = 180* aod O = -10*).

Energy
(GeV)

14

22

35

44

< A>

0 = 140*
all

'«(«iT.1)

2.6± .2
2. 7 ±.2
3.1 ±.2
3.3 ± .2

A
(GeV)

42*'"
37* "

38*' IS

0 = ISO*
narrow

ln(*7.')

2-6 ± .2
2. 7 ±.2
3.2 ± .2
3.4 ± .2

A
(GeV)

36-J>9

42+lU"-n

2Ö*'to

_.+.ii
-•"-.OB

0 = 180*

wide

Int*;,1)

2 4± .2
2.7 ± .2
3.0 ± .2
3.2 ± .2

A
(GeV)

•*2-,u
42*'16

43+'u
W+:u

- 10

.«M;

0 = 40*
narrow

im;*^1)

l .&± .2
1.8 ± .2

2.1 ± .2

2.4 ± .2

A

(GeV)

£i:Ü
-«MS

•wi:U

0 = 40*
wide

Int*;,1)

1.5 ± .2

1.8± .2

2.2± .2

2.2 ± .2

A

(GeV)

1
E + !•

The valuea of the poaitioa of the maximum for one single energy and for one 0 value
»re conaiatent with each other. 1t ia also the c&ac for the dcrived volues of A. Whe»

0=40* the A value* are ayatematically by about .15 higher thun the correaponding valuea

for 0=180*.
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Fig. 7.30. Normalized ln(l/ir) disthbutiona l/at,< da/dInU/x^J, where xf =
2p/W, for ch&rged particles in the wide Jet at W=14, 22, 3& and 44 GeV.
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Table 7 3fi

Normalized ln(l/rp) dutiibution« l/a,tida/d\it(l/xr), wher«
ch&rged particles in the wide jet.

= 2p/W, for

lud/*,)

0.0 - 0.2
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
1.0- 1.2
1.2 - 1.4
1.4- 1.6
l.G - 1.8
1.8 - 2.0
2.0 - 2.2
2.2 - 2.4
2.4 - 2.6
2.6 - 2.8
2.8 - 3.0
3.0- 3.2
3.2 - 3.4
3.4 - 3.6
3.6 - 3.8
3.8- 4.0
4.0 - 4.2
4.2 - 4.4
4.4 - 4.6
4.0 - 4.8
4. S - 5.0

14 GeV

0.0115 ± 0.0091
0.056 ± 0.018
0.154 ± 0.030
0.310 i. 0.046
0.504 ± 0.077
0.913 ± 0.093
1.118 ± 0.076
1.606 ±0.097
1.904 ±0.096
2.14 ± Ü.10
2.34 ± 0.10
2.52 ± 0.12
2.50 ± 0.15
2.45 ± 0.20
2.03 ± 0.14
1.698 ± 0.085
1.19 ± 0.12
0.901 ± 0.082
0.644 ± 0.048
0.412 ± 0.046
0.256 ± 0.074

22 GeV

0.0046 ± 0.0037
0.054 ± 0.022
0.156 ± 0.042
0.284 ± 0.053
0.534 ± 0.077
0.820 i 0.095
0.996 ± 0.094
1.373 ± 0.096
1.85 ± 0.14
1.91 ± 0.12
2.23 ± 0.14
2.59 i 0.15
2.8U x 0.14
2.77 ± 0.20
2.94 z 0.22
2.27 ± 0.19
2.11 ± 0.11
1.80 ± 0.14
1.34 ± 0.14
0.969 ± 0.067
0.726 i 0.056
0.536 ± 0.060
0.321 ± 0.084

35 G t V

0.0040 - 0.0039
0.0503 ± 0.0050
0.133 ± 0.011
0.270 ± 0.015
0.418 ± 0.016
0.659 ± 0.024
0.950 ± 0.030
1.295 ± 0.035
1.622 ± U. 030
1.947 x 0.035
2.174 ± 0.034
2.571 _L Ü.059

2.821 - 0.057
2.94Ü x O.OöO
3. 110 ^0.057
3.121! 21 0.053
2.993 - 0.063
2.777 ± 0.056
2.451 ± O.OC5
1.977 x O.OC6
1.554 ±0.039
1.143 ±0.042
0.818 ± 0.042
0.574 z; 0.019
Ü.316 ± 0.034

44 GeV

0.0056 ± 0.0018
0.0286 ± 0.0050
0.117 ± 0.018
0.227 ± 0.042
0.420 ± 0.032
0.682 ± 0.041
0.906 ± 0.052
1.184 ±0.051
1.5JO ± 0.063
1.972 i 0.085
2.317 ±0.072
2.512 ± O.OS7
2.73 - 0.12
2. 093 ± U. 079
3. ISO ± 0.081
3.237 ± 0.090
3.27 ±0.13
3.0S4 ± 0.098
2.739 ± 0.081
2.4G1 ± 0.095
1.8S5 ± 0.074
1.613 ± 0.071
1.152 ± 0.080
Ü.82C i 0.045
0.557 ± 0.033
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Fig. 7.4O. Normalized ln(l/i,) distributions l/(7 (o (rf(7/dln(l/j f), where xr =
2p/W, for charged particle» in the narrow jet emitted in a 40" cone around the
event axis at PV = 14. 22, 35 and 44 GeV.

14ä

T^ble 7.36

Normahzed ln(l/i,) diatributions l/altt do/dln(l/Jf,J, where tr = IpjW. for
charged particl« in the narrow jet emitted m a 40* cone around the event axis.

l»(l/r,|

0.0 - 0.2
0.2 - 0.4
0.4 - 0-6
0.6 - 0.8
0.8- 1.0
1.0- 1.2
1.2 - 1.4
1.4- 1-6
1.6- 1.8
1.8 - 2.0
2.0 - 2.2
2.2 - 2.4
2.4 - 2.6
2.6- 2.8
2.8- 3.0
3.0 - 3.2
3.2 - 3.4
3.4 - 3.6
3.6- 3.8
3.8 - 4.0
4.0- 4.2
4.2 - 4.4
4.4- 4.6
4.6 - 4.8
4.8 - 5.0

14 GeV

0.033 ± 0.023
0.083 ± 0.021
0.160 ± 0.031
0.312 ± 0.046
0.437 ± 0.056
0.653 ± 0.068
0.763 ± O.OSO
O.S7G ± 0.069
0.810 ± 0.058
U. 783 ± 0.052
0.602 ± 0.094
0.484 ± 0.043
0.397 ± Ü.042
0.355 ± 0.035
0.295 ± 0.037
0.194 ± 0.027
0.136 ± 0.027
0.071 x 0.014
0.053 ± 0.011
0.0350 ± O.OOS4
0.009 ± 0.011

22 Gt-V

0.029 ± 0.018
0.114 ± 0.04G
0.194 ± 0.063
0.295 ± 0.062
0.448 ± 0.067
0.627 ± 0.077
0.635 ± 0.091
1.02 ± 0.14
0.833 ± 0.078
1.11 ±0.10
0.945. * 0.090
0.93 ± 0.10
0.83 ± 0.12
0.593 ± 0.062
0.484 ± 0.056
0.394 ± 0.047
0.304 ± 0.047
0.242 ± 0.041
0.156 ± 0.030
O.OSO ± 0.022
0.050 i 0.012
0.048 ± 0.015
0.0028 ± 0.0031

35 G. -V

0.0149 i 0.0050
0.074 i: 0.012
0.1618 ± 0.0099
0.280 ± 0.015
0.440 ± 0.025
0.59C ± 0.020
0.813 r 0.025
0.931 x 0.027
1.191 i 0.031
1.329 ±0.029
1.350 r 0.032
1.349 - 0.033
1.24-1 _- 0.032
1.177 i 0.036
1.002 ± 0.032
0.880 ± 0.039
0.667 x 0.028
0.4SS ± 0.019
0.355 ± 0.015
0.236 ± 0.014
0.161 ± 0.011
0.116 r 0.011
0.077 x 0.014
0.0410 - 0.0044
0.02C6 i 0.0032

44 GeV

0.0116 ± (1.0040
0.089 ± 0.016
0.134 ± 0.020
0.234 ± 0.027
0.431 ± 0.041
0.591 ± 0.039
0.723 ± 0.045
1.067 ± 0.061
1.193 ± 0.064
1.310 ± 0.058
1.414 ± 0.063
1.482 ± 0.062
1.524 ± 0.083
1.372 ±0.061
1.194 ±0.059
1.088 ± 0.056
0.874 ± 0.045
0.770 ± 0.070
0.474 ± 0.030
0.366 ± 0.031
0.228 ± 0.024
0.179 ± 0.018
0.129 ± 0.021
0.079 ± 0.033
0.039C ± 0.0065
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Fig. 7.41. Normalized ln{l/zp) diatributiona l/<r,.t (&7/dln(l/xp) t where xr =
2p/W, for charged particle* in the wid* Jet emilted in a 40" cone around the event
axia al ir=14, 22, 35 and 44 GeV.
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Table 7.37

Notraalized ln(l/i,) diatribution« l/ff,,, do/tfln(l/i, ), where xf = 2p/W, (or
charged p&rticlea in the wide Jet emitted in a 40* cone around the event axia.

KI/*,)

0.0 - 0.2
0.2- 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
1.0- 1.2
1.2- 1.4
1.4- 1.6
1.6 - 1.8
1.8 - 2.0
2.0 -- 2.2
2.2 - 2.4
2.4 - 2.6
2.6 - 2.8
2.8 - 3.0
3.0 - 3.2
3.2 - 3.4
3.4 - 3.6
3.6 - 3.8
3.8 - 4.0
4.0 4.2
4.2 4.4
4.4 - 4.G
4.6 - 4. S
4.8 - 5.0

14 GeV

0.013 ± 0.011
0.053 ± 0.018
0.147 ± 0.027
0.2CO ± 0.037
0.442 ± 0.083
0.683 ± 0.077
0.747 ± 0.05S
0.868 ± O.OS6
0.778 ± 0.089
0.772 ± 0.060
0.664 ± 0.075
0.518 ± 0.055
0.412 ± 0.043
0.285 ± 0.044
0.209 ± 0.026
0.197 ± 0.027
0.163 ± 0.033
0.104 ± 0.027
0.072 ± 0.014
0.029 ± 0.011
0.039 ± 0.023

22 GeV

0.0050 ± 0.0039'
0.054 ± 0.022
0.151 ± 0.041
0.261 ± 0.050
0.509 ± 0.0811
0.758 ± 0.089
0.750 ± 0.084
0.992 ± 0.080
1.20 ± 0.11
1.048 ± 0.080
1.07 ± 0.11
0.934 ± 0.090
0.89 ± 0.12
0.664 ± 0.090
0.609 ± 0.068
0.460 ± 0.062
0.341 ± 0.042
0.273 ± 0.042
0.145 ± 0.024
0.110 ± 0.021
0.051 ± 0.018
0.052 ± 0.015
0.027 ±0.011

35 GeV

O.OÜ3S ± 0.0036
0.04S6 ± 0.0043
0.127 ± 0.012
0.260 ± 0.013
0.392 i 0.015
0.584 ± 0.022
0.816 ± 0.028
1.075 1 0.033
1.272 i 0.034
1.415 i 0.033
1.435 ± 0.031
1.464 ii- 0.034
1.409 i 0.034
1.252 ± 0.028
1.104 ± 0.030
0.916 ± 0.029
0.754 ± 0.020
0.569 ± 0.019
0.419 ± 0.01C
0.286 ± 0.015
0.180 ± 0.010
0.1278 ± O.OU95
0.0765 _!: 0,0052
0.0519 _t 0,0053
0.02S3 ± 0,0041

44 GeV

0.0052 ± 0.0016
0.0289 ± 0.0051
0.114 ± 0.016
0.214 ± 0.038
0.379 ± 0.034
0.611 ± 0.039
0.776 ± 0.050
0.987 ± 0.055
1.254 ± 0.051
1.469 ± U.078
1.607 ± 0.082
1.605 ± 0.093
1.49l ± 0.078
1.434 ± 0.056
1.368 ± 0.059
1.261 ± 0.065
1.056 ± 0.085
0.814 ± 0.049
0.587 ± 0.035
0.412 ± 0.030
0.282 ± 0.028
0.189 ± 0.017
0.130 ± 0.017
0.0911 ± 0.023
0.0541 ± 0.0091
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Table 7.38 givea the calculated poaitiona of the maximum ln(l/*,.), aaauminit
A=.3ö GeV. It ahowa that the formula for ln(l/x„) predicta the position of the maxi-
mum and ita energy dependence quile well for 0 = 180". For 8 = 40* the formula gives
alightly to aoft particle apectrum, but still the poaitions of the maKimum ogree with the
values from Table 7.33 within .2. It ia probably the ain(ö/2) angular dependence, which
may be too eimple to describe the real angular diathbution of the particles within a jet.
Beaidea, ihe formula ia derived for «oft particlea aud for high (s* 50 ~ 1OO GeV) jet ener-
giea. At the actual energies of thla experiment, eapecially for 0 = 40*, the maximum of the
apectrum falls already in the region xt t* -l and there particlea have their total energy not
too different from their real maaa, which aeta kinematical conatraine on thcir producüon
(&a pointed out in [DOKS6]).

Table 7.38

Maxima of the l/alal dajd\n(\fxr) apectra for A = .38 and © = ISO* and 0 = 40V

Energy

(GeV)

14
22
35
44

e = 180*

In(l/*„)

2.6 ± .2

2.8 ± .2

3.1 ±.2
3.2 ± .2

0 = 40'

lnU/*f.)

1.7 ±.2

2.0 ±.2

2.4± .2

2.5± .2

If one comparea Fig. 7.38 and Fig. 7.40 or Fig. 7.39 and Fig. 7.37 one aeea, that the
Ö = 40* cut removea mainly aoft particlea atarting from \n(l/xr) > 1.6 for the narrow
jet and ln(l/ir) £ 1-° ^or tne w'^e Jet- After thia cut the particle apectra, which were
quite different initial]/ (rauch higher multiplicity aad rauch «öfter epectrum in the wider
jet} become very similar (the only big difference at l n ( l / x f ) » .5 ia compensated by einall
difference of the croaa aection ID the re mainin g ränge .5 < \n(l/xf) < 5). Thia auggesta,
that thia cut removea the «oft partictea coming from the gloun jets in the qqg eventa and
what remains are moatly the "kernela" of the quark jeta from the qq and qqg evenLa

149

CHAPTER 8

Comparison of the Data with the Monte Carlo

Calculations and with Data from other Experiments

8.1 Data at 44 GeV versus Lund LLA-f O(a.) and Lund
O(aj) Monte Carlo programs

8.1.1 Introduction

Aa already pointed out in the introduction, the main goal of thia theaia waa to obtain the
corrected dat« at » center-of-mau energy of 44 GeV. The Monte Carlo programa tued
were treated only aa toola in the correcting procedure. However, it ia tempting to do a
compariaon between the corrected data and the Monte Carlo ueed for correcting.

At thia very high center-of-maaa energy the corrected data were comp&red with the
Lund LLA-fO(a.) Monte Carlo calculationa with the parameter valuea obtained during
the tuning procedure deacribed in aection 4.1, namely.

A t t A = .44GeV, a = .07, 6=1,05. a( = .371 GeV/c.

To be able to make fair compariaona between Lund LLA+O(a, ) and Lund 0(aJ) programa,
Lund O(aJ) Monte Carlo waa tuned once again using the same currected duta sample aa in
Lund LLA+Ott»,) caae (see aection 4.1). The followmg parameter valuea were obtained:

a=1.00, fr = .74, o, = .425 GeV/c.

(ec and i4 were kept at .07 and .01 correapondiQgly ). One should note that the A^
parameter had to be c hose n quite large (.81 GeV aa compared to the default value of
.60 GeV).
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8.1.2 Event Parameters and Incluslve Spectra

Since obaervables such aa S. A, C. D, p*,,. p*.,,, i, were directly or indirectly uaed in the
tuning procedure, they ahould — at least in principle — be well reproduced by the Monte
Carlo calculationa. Jt U indeed the case Tor both 5 and A (aee Fig. 8.1 and 8.2), although
the Lund O(aJ) Monte Carlo predicta fever aplanar eventa than Lund LLA+O(a,).

The Monte Carlo < p*,, > and < p^Mi > (Fig. 8.3 and 8.4) diatributionB aUo agree
with the data, although again Lund O(a') Monte Carlo predicta fever aplanar events thao
Lund LLA+O(a,). but the deviation ia still within th« errora of the data. The xr and
ln(l/i,) diatributions (Fig. 8.5 and 8.0) are well repreaented by the Monte Carlo too. Very
cloaely related diatributiona, namely ln(l/zr) for the narrow and wide Jet toi the opening
angle of 180*and 40", although were not tuned, are also well repreaented by the Monte
Carlo program» (Fig. H.8-8.11). Other Monte Carlo dialribution, which waa not used in
tbe tunning proceaa, e.g. the thruat distribution (Fig. 8.7) is well in agreement with the
data.

Baaed on above reaulta one can conclude, that both Lund LLA+O(o,) aad Lund
O(a*) Monte Carlo programs are able to reproduce moat of the featurea of e e~~ dola at &
center-of-maaa energy of 44 GeV, although the agreement between the data and the Lund
LLA + O(a,) Monte Carlo aeema to be better. It ahould be remembered. that the Peteraon
fragmentation function waa uaed for c and 6 quarlu, which played an important role and
led to the signincant decrease of x* («e section 4.1), although it my be, that this is not
due to the opecinc ahape of the Petenon fragmentation function, but it is the uncoupling
of c and fr quarka from the light quarlu, which enabled to get thft better agreement between
the Monte Carlo and the data.

8.1.S Energy Dependence of the Observables

Another question iß how the Monte Carlo programa tuned at one energy reproducea the
data at other energies.

The energy dependence of < 5 > and < A > ia s how n on Fig. 7.8, compared with the
Monte Carlo predictions. 1t ia aeen, that Lund O(a?) Monte Carlo tuned at one energy, haa
aome problema with the reprcducing the data at other energiea, while Lund LLA+O(a.)
Monte Carlo doea well ovcr the whole energy ränge.

The energy dependence of < T > (Fig. 7.10) is in principle well reproduced by all the
Monte Carlo programa The average momenta (Fig. 7.2) are well described too. The aame
appliea to the average momenta aquared (Fig. 7.10 and 7.20), although there are aome
indicationa of problems with reproducing high < pj..,. ^ rate by Lund O(a() Monte
Carlo at higher energiea.

The energy dependence of the crota oection for different xf and xu intervab ia ahown
in Fig. 7.4 and 7.25 and it ia aeen, that the Monte Carlo reproducea the data quite aatU-
factorily.

One c&n conclude, that the energy dependence of moat of the atudied obaervabUa
is well represented by both Lund O(aJ) and Lund LLA + O(a,) Monte Carlo programa,
although the Luad LLA+O(ot,} reproducea data better over a wider energy ränge.
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Fig. 8.1. Normalized aphericily distributiona I j N d N f d S at tr=44 GeV
TASSO dala (points) and Lund LLA + O(a.) Monte Carlu ( f ü l l liuc), Luiid O(«J)
Monte Carlo (dotted line).
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Fig. 8.4. Norroalized dutributions of the average tranavetae momenlum aquared
o.l the event plane l/N dN/d < j^tmi > (GeV/c)~3 at IV=44 GeV. TASSO
data (points) and Lund LLA-f O(a.) Monte Carto (füll line), Lund O(aJ) Monte
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Fig. 8.7. Normalized thruat diatribulion« l/N dN/dT at JV = 44 GeV TASSO
da t a (pointd) and Lund LLA + O(a,) Monte Carlo (füll line), Lund O(a^) Monte
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Fig. 8.8. Normalized ln(l/x,) diatributions 1/On rftf/dln(l/z,), where xr =
2p/W, tor cKarged pari ick* in t he narrow jet at VV=44 GeV. TASSO data
(pointa) and Lund LLA+O(a,) Monte Carlo (füll line), Lund O(aJ) Monte Carlo
(dotted line)
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Fig. S. 10. Normalized ln(l/i,) dutributions l/ir(o,d<7/dln(l/x,). where xf =
2p/W, for charged particles in the narrow jet emitted in a 40* cone around t he
event axia at (V=44 GeV. TA SSO data (pointa) and Lund LLA+O(a.) Monte
Carlo (füll line), Lund O(aJ) Monte Carlo (dotted line).
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8.2 Comparison of the TASSO and MARK II Results

A comparisori of the TASSO data with the moat recently publialied MARK U
dataisahown on Fig S. 12-8. IS, where xr. S, A, T, pA , p^ and y diatribution* are preaented.
The MARK U data were chosen, becauae their work contains detailed numerical tablea and
the analyaia was done uaing (among othera) JETSET 6.3 Monte Carlo for correcting of
their data.

MARK II and TASSO data agree well except for the j>t diatributiona for
Pi & • * GeV/c, where MARK II reporta higher yield. The average valuea of the S, A,
Pi and p\, < p\ >. < p*,,., > are »hown in Fig. 7.6. Fig. 7.2, Fig. 7.19, Fig. 7.20, re-
apectively. Again, consistently, MARK II reporta lower tranaverae momentum valuea, that
the correaponding TASSO valuea. The difference appeara to be in the region, where the de-
tector «ffecta auch aa the angular reaolutton, the tracking efficiency and the electromogoetic
and atrong interactiona with the detcctor material are important. The TASSO predictiona
(TASSäb) baoed on another (simplified) detector aimulation Programme [SIMPLE] giv'e a~
higher yield at low momenta, than the yield preaented in thu theau. It indicates, that
until the Situation ia clarined tbe momentum diatribution in thia region (pA £ .4 GeV/c)
»hould have attributed additional ayatematic errors of about & -i- 10%.
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Summary

Jet propertiee in the center-of-maaa energy energy ränge from 14 to 44 GeV were studied
with the data collected in the TASSO detector. Corrected distributions of global ahape
variables such äs sphericity, aplan&rity, thrust and Parisi C and D variables, angular dis-
tributiona of event axis. incluaive charged particie momenta, rapiditiea and other variables
were obtaiaed. For all dietributiona the atatiatical errors coming from the data and from
the corrections and also the ayatematic errors originating from Monte Carlo generator used
in the correcting procedure and from the setection criteria applied to the data were deter-
mined. It waa made aure, t hat the detector response was simulated properly by the Monte
Carloalao at a center-of-maas energy of 44 GeV. At all energies the aame Monte Carlo
event generator waa uaed to calculate the corrections. At all energiea the aame correcting
technique was applied to avoid syatematic biaoes.

The total hadronic croea section for the energy interval 39 -t-17 GeV waa found to be
equal 4.11 ± .19- Energy dependence of average Bphericity, aplanarity, thruat, and average
momenta was studied and compared witb the Lund LLA+O(a,J and Lund O(aJ) Monte
Carlo event generatora. Reaults of thoae Monte Carlo program a were aleo compared with
the data at a center-of-raaas energy of 44 GeV.

The Lund LLA+O(a,) Monte Carlo deacribea data better than Lund O(aJ) and h&a
more predictive power over a larger center-of-masa energy ränge.

Data at a center-of-maae energy of 44 GeV in the aapecta atudied are in general agree-
ment with the model predictiona of Lund LLA+O(a,) Monte Carlo calculationa based on
the data at lower energiea.
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