125

THE INFLUENCE OF FRAGMENTATION MODELS ON THE DETERMINATION
OF THE STRONG COUPLING CONSTANT ag IN e*e™ ANNIHILATION INTO HADRONS
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Abstract:

Hadronic events obtained with the CELLO detector at PETRA were compared with
first order QCD predictions using two different models for the fragmentation of
quarks and gluons, namely the Hoyer model and the Lund model. In the Lund model
the hadrons are formed along strings between quarks and gluons, in the Hoyer mo-
del each parton fragments independently according to the Field-Feynman prescrip-
tion. Several methods have been used to determine the strong coupling constant
a.. With the Hoyer model we find «_ values between 0.15 and 0.20, depending on
the method used. With the Lund mod&1 we find og between 0.24 and 0.28. The dif-
ference in ag with the two models is for a large part due to the different frag-
mentation schemes and the different treatment of the gluons. A gluon spin test
has been performed with both models by comparing first order QCD predictions for
the parton thrust with the data.
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1. Introduction

1)

The observation of planar 3 jet events in e*e” annihilation'’ into hadrons are

attributed to the QCD process:
e'e” » qag (1)

The cross section for this process is determined by the strong coupling constant
ags which is the only free parameter in QCD. However, QCD deals with quarks and
gluons and experiments only observe final state hadrons. Therefore, to determine
ag, one needs models, which relate the qqg cross-section to the observed final
hadrons.

The CELLO collaboration has studiedz) the influence of the fragmentation models
on the determination of o by using two rather different models, namely the
string fragmentation model of the LUND group3) (LM) and the Monte Carlo by Hoyer
et a1.4) (HM). In the latter model the partons do not fragment along strings,
but each parton fragments independently according to the Fie]d-FeynmanS) (FF)
prescription. Both generators correspond to first order QCD.

We have used several methods to determine ag and found that even observables ad-
vertised to be "fragmentation independent" give significantly different values
of ag for the two different fragmentation models.

The paper is organized as follows: we first describe the methods to determine

ag (section 2); then follows a description of the fragmentation models (section

3). Sections 4 - 7 describe the analysis using various methods to determine ags
section 8 describes a test on the gluon spin with both models, and section 9

summarizes the results.

2. Methods to determine a,

To determine ag in first order, one has to measure how often a quark radiates a
gluon, since

o(e’e” + qdg) o(e’e” + 3 jets)
O T F - - T T - (2)
o{e'e -+ qq) (e'e + 2 jets)

The gluon radiation is given by a Bremsstrah]ungsspectrums)

d c§e+e_ + gq9) 1
) ® X sine (3)

9 g



Here k is the gluon energy and eg is the angle between gluon and quark flight
direction. The cross section diverges for small angles and soft gluons. The pro-
blem of measuring ag looks similar to the measurement of photon bremsstrahlung:
and o

one measures only in the region for k > kmin and 8 > Bmin® where kmin min
are some minimum gluon enerqgy and emission angle. However, after hadronization
kmin and Omin _
one needs elaborate Monte Carlo programs to separate the contributions form qq

are not well defined due to the overlap of the jets. Therefore,

and qag to the observables, from which one wants to determine ag-

Good observables for the determination of ag fulfil the following criteria:
a
b

) They are strongly dependent on ag .
) They have small contributions from gg-events.
c) They are insensitive to fragmentation effects.

d) They are calculable in QCD, meaning no infrared divergencies.

We have determined ag from the following observables:
a) The fraction of 3-jet events selected by various topological cuts.
b

-

The thrust distribution from events with 3 clusters defined by a cluster
a1gorithm7).

[e]
~

The asymmetry of the energy weighted angular correlation between the final
state hadrons8 .

3. Description of the models

In the HM each parton fragments independently according to the FF prescriotion.
The gluon is considered randomly either as a quark or an antiquark carrying the
total gluon energy. Only mesons are created in the final state.

3. ma qq event a co-

The fragmentation in the LM is based on the string model
lour string is streched between the quark and antiquark. If the q and g move in
opposite directions, the string breaks up into new quark-antiquark pairs or di-
quark-antidiquark pairs, which are combined to yield on the average ten primary
hadrons (mesons and baryons) at Ecm =34 GeV. In a qqg event the gluon is trea-
ted Tike a transverse motion of the string (a "kink"). The string breaks at the
position of the kink by splitting off a primary meson. The remaining two strings
fragment independently in their own rest frames. Each string piece moves with a
velocity Vi = Vgsin oy in the laboratory frame (see Figure 1). Boosting the
fragmentation products from the restframe to the laboratory frame collimates the
primary hadrons into the region between the gluon and quark or antiquark, thus
causing a qqg event to look more 2-jet 1ike after fragmentation. This lowers the
fraction of Monte Carlo generated 3-jet events, thus requiring a higher value
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of ag for a given fraction of 3-jet events in the data.

The LM is more "infrared stable" than the HM in the sense that generation of
soft or collinear gluons does not change the event shape drastically, but merely
introduces some additional transverse momentum (see Fig. 2). The smooth transi-
tion between qq and qqg events allows much softer cuts on the matrix element in
the LM than in the HM.

The values of the main parameters and some of the difterences between
the models are summarized in Table 1.

4, Data analysis

The data used for theis analysis were taken at an average center of mass energy
of 34 GeV with the CELLO detectorg). The analysis was done using charged parti-
cles only. The basic cuts for the multihadron selection were the visible energy
Evis > 0.25 ECm and the charge multiplicity larger than 6. A1l candidates were
scanned with an event display,leaving 3021 events with a negligible amount of
background.

In order to compare the generated Monte Carlo events with the data, we have pro-
cessed them through a realistic simulation of our detector and through the selec-
tion and reconstruction programs. The parameter oy was obtained from the trans-
verse momentum distribution of the charged particles in the slim jet (see Fig.3).
We fourd oq = 0.3 GeV/c for both generators. For the longitudinal fragmentation
function f(z), we used the original values of the parameters (see Table 2). The
ratio of vector- to pseudoscalar mesons V/P was set tol. This value provides a
good description of the multiplicity distribution, which is sensitive to this
ratio (see Fig. 4).

5. Determination of o_ using the fraction of 3-jet events

In order to select mainly 3-jet events we applied shericity (S), aplanarity (A)
and oblateness (0) cuts, or we selected events with three reconstructed jets
using a cluster a]gorithm7). Three different criteria were used to select the
3-jet events:

1. S=0.25 and A =0.1

2. 0=0.2 or 0=0.3

3. events with three clusters of particles (jets)

nv v
v un

7ir the criteria 1 and 2, we required at least two particles in each hemisphere

detfined by the plane perpendicular to the event axis.
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We have defined the fraction of 3-jet events f3 as the fraction of events satis-
fying one of the above criteria. Besides ags this fraction depends on the values
of the other parameters of the models, in particular on aq The dependence of f3
on ag is shown in Fig. 5 for different values of 9q- It can be seen that in the
LM f3 is insensitive to 9 In the HM f3 varies more with 9q- This 1is probably
due to the fact that in the HM cq is the only parameter, which determines the
transverse spread of a jet. In the LM there are three sources which determine
the transverse spread of a jet:

a) The transverse spread of a generated quark, determined by 9q-
b) The kink in the string for gqg events, which gives a transverse momentum

to the whole string and therefore to all particles.

c) The many soft or collinear gluons introduce transverse momentum (see Fig.2).
We have also checked that in the LM f3 is insensitive to the ratio V/P.

Table 2 summarizes the values of ag obtained with the different topological cuts
(only statistical errors are given). The values of ag obtained with the HM, vary
ing between 0.15 and 0.20, are in good agreement with those measured pre-
vious]ylo) using similar fragmentation models. However, with the LM we find ag
values between 0.24 and 0.28.

We have checkedz) many distributions to see whether both models describe the da-
ta in spite of the different values of ag (a few of these distributions are
shown in Figs. 6 - 7). Although the LM gives a better XZ in most of the distri-
butions, the difference is not sufficient to exclude one of the models, taking
into account that neither of the models gives a perfect description of the data.

To investigate more quantitatively the difference in ag between the models, we
have used the possibility in the Lund program to generate events according to
the FF prescription as is done in the HM. We have proceeded in to steps:

In the first step the jets were fragmented independently according to FF. No
change was made in the gluon fragmentation. This increases f3 for the Monte Car-
1o generated events considerably, as shown in Fig. 8.

In the second step we have in addition treated the gluon as a quark, as in the
HM. This increases f3 again, as shown in Fig. 8 too. The remaining difference
between the HM and the LM is attributed to the different treatment of heavy me-
son decays, the fact that the LM takes quark masses into account in the matrix
element, the different cuts to avoid infrared divergencies in the qgg generation
the different ways to impose energy conservation in the events, etc.
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6. Determination of a_ using the thrust distribution

In this method we measure ag by selecting the 3-jet events according to the algo-
rithm described in Ref. (7), qnd by fitting the acceptance corrected thrust dis-
tribution of these events to the predictions of the two models. The least square
fits yield the following values: of ag:

o, = 0.155 + 0.015 for the HM (y2/DF = 5.0/4)
a. = 0.235 + 0.025 for the LM (x2/DF = 9.0/4)

This result disagrees with a previous comparison of the mode]sll). More detailed
information can be found in Ref. (12).

7. Determination of o_ from the energy weighted angular correlations

The angular correlation between hadrons in qq events can be demonstrated in a
distribution of the angles:between all possible pairs of hadrons in an event:
such a distribution shows two peaks near 0 and 180 deqrees corresponding to the
two jets. For qq events this distribution is symmetric around 90°, but qqaevents
fi11 the region between 0° and 180° in an asymmetric way, characteristic for
gluon bremsstrahlung. If the angular correlations are weighted with the energy
of each particle , no infrared divergencies occur. Therefore the energy weighted

13)

angular correlations (EWACS) can be calculated in firsts) and second order

QCD. The EWACS asymmetry is expected to be fragmentation independent 8).

An experimental determination of EWACS is straightforward: it does not require
a separation of 2 and 3 jet events, but it is obtained by simply plotting the
angles 6 between all pairs of hadrons, labeled i and j and weighting each entry

with Zizj’ where z; and Zj are the fractional energies Ei/Ecm and Ej/Ecm'of”?he

hadrons i and j.

The asymmetry A(e) of the EWACS distribution f(e) is defined by

A(s) = f(m - 8) - f(e) (4)
where
f(e)=l do _1 1 gl Tz oz, z, 8(0,. -0) (5)
o d8 % W2y j v ij

Here N is the number of events and A6 is the bin width, for which eij is taken
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to be equal to 6. A Monte Carlo study has shown that the contribution from qﬁ
events to A(8) is negligible for & > 2.0°.

To obtain ag one usually fits A(e) from the data to the theoretical QCD formu-
1a14). However, this is wrong if the final state hadrons have an asymmetry dif-
ferent from the partons. This occurs in the LM, since the boosting of the string
considerably reduces the asymmetry of the final state hadrons as compared to the
parton asymmetry (see Fig. 9). For the HM the asymmetry is similar for partons
and final state hadrons (see Fig. 9).

Therefore we did not fit the theoretical QCD formula to the data, but determined
ag by comparing the asymmetry of the final state hadrons of Monte Carlo events,
generated with different values of ags with the corrected asymmetry of the data.
A least square fit yielded:

0.15 + 0.02 for the HM
0.25 + 0.04 for the LM.

Q
n
I+

o
3
a
Q
"
+

We have made again a generator study by using the LM without string fragmenta-
tion. As shown in Fig. (10) the LM with independent parton fragmentation gives

a much higher asymmetry in the final state hadrons than the LM with string frag-
mentation. For both Monte Carlo generators the angular correlations at the par-
ton level do not agree with the first order QCD formula due to the cuts on the
matrix element in the Monte Carlo to avoid the divergent regions. However, this
discrepancy cancels in the asymmetry for o > 300, as shown in Fig. (9), where
we compared also the QCD predictions with the parton asymmetry of the Monte Car-
lo generation.

8. Spin test of the gluon \

A scalar gluon can be distiﬁguished from a vector gluon by studying the parton
thrust (T) distribution, since for a vector gluon

do(qag) _ %s [ 2031
T

3 T

- 3T +2) . 2T
I -1 In (5

y - 33T - 2)(2 - T)]
T-T
{6)

-1
o - T

and for a scalar gluon 515)

L dalgis) L[y 10 @laply 4 (oD - 2] 0)

0 a

where % is the cross section for e'e™ -+ qq and az is the coupling constant for
a scalar gluon. .

/
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The thrust distribution can be obtained from the angles between the jet axis, in
3-jet events, since

T-= max(xi) with x, = 2(s1‘ne,i.)/(s1'ne12 + sing; 5 + sine, ;) (8)

J

Here 9. .
ij
event plane.

is the angle between the axis of clusters i and j projected onto the

Up to now the spin testsls)

have been performed using fragmentation models with
independent parton fragmentation, for which the jet axis is a good approximation
for the parton axis. This is not necessarily true in a string model and it is
interesting to see if the vector gluon is still preferred over a scalar gluon in
a string model. Therefore, we have repeated a spin test with both models by com-
paring the parton thrust with the formulas given in Eqs. (6) and (7). To obtain
the parton thrust we corrected the data both with the HM and the LM using their
different values of ag-

A Teast square fit of the parton thrust with the theoretical QCD formulas
. 12) .
yields for the vector case:

ag =0.16 £ 0.015 for the HM (xZ/DF = 2.86)

ag = 0.26 £ 0.015 for the LM (x*/DF = 3.2)
and for the scalar case:

of - 1.28 for the HM  (y2/DF = 24)

oS = 3.7 for the LM (xZ/DF = 24)

The best fits are shown in Fig. 11.

The XZ values for the scalar case are considerably worse than the corresponding

ones for the vector gluon. Therefore, in first order, the vector gluon is clear-
s
s
rections can be large, but they have not been calculated for a scalar gluon.

ly preferred over a scalar gluon. However, since o. is large, higher order cor-

9. Conclusion

We have determined the value of the strong coupling constant ag from the analysis
of multihadron events by comparing them with two different models (the model of
Hoyer et al. and the Lund model). With the Hoyer model we find ag values between
0.15 and 0.20, depending on the method used (see Table 2). These values are in
good agreement with the previously published values of ag using first order QCD
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and independent parton fragmentationlo). However, with the Lund model we find va-
Tues of ag between 0.24 and 0.28. This is mainly attributed to the string frag-
mentation and to the way the gluon is treated in the Lund model.

At present, neither of the two studied models can be excluded. Therefore we con-
clude that the systematic uncertainty in ag is rather large due to our ignorance
of the way quarks and gluons produce final state hadrons. Conclusions similar to
ours have been published eTsewhere17).

Both models prefer a vector gluon over a scalar gluon, if first order QCD predic-
tions for the parton thrust are compared with the data. However, the strong coup-
1ing constant for a scalar gluon is larger than one. Therefore, higher order cor-
rections may be important, but they have not been calculated.
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Table 1: Main characteristics of the Monte Carlo models

Parton generation 1St order QCD 15t order QCD

cuts on fractional par- | maximum fractional ener-
ton energies taking quarf gy of parton = 0.97

masses into account minimum parton energy =
2 GeV
Generation of primary uu:dd:ss:cc =3:3:1:0 uu:dd:ss:cc:=2:2:1:0

quark pairs

Longitudinal fragmentation| f(z) = (1+a)(1-z)2 f(z) = 1—a+3a(1—l)2
function a decreases with quark a =0.77 foru, d, s
(E+P_) mass a=0forcandb
z = —z.meson (0.5 for u, 0.09 for b) | a = 1 for gluon
(E+P, )quark
Transverse momentum of gaussian with gaussian with
primary quarks oq = 0.3 GeV/c 9 = 0.3 GeV/c
Gluon fragmentation gluon splits into 2 qq | gluon splits into 1 qq
pairs with each half of | pair with one quark
the gluons energy taking all of the ener-
gy
Ratio of vector- to V/P =1 V/P =1

pseudo scalar mesons

Generation of diquarks yes, leading to baryons | no
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Table 2:Value of «_ obtained at /s = 34 GeV with the Lund model (LM) and the
Hoyer modef (HM) (first order QCD).
The error in the determination of a_ using the 3 jet fraction (see text)
is statistical only (including statistical Monte Carlo error).

. [} LM
Method Lund model Hoyer model E%‘éﬂﬂ%

$20.25 AS0.1 0.280 + 0.045 0.190 + 0.030 1.47
020.20 0.260 + 0.040 0.190 + 0.020 1.37
020.30 0.255 + 0.050 0.200 + 0.035 1.28
# of 3-jét events 0.235 + 0.025 0.145 + 0.020 1.62
Cluster Thrust 0.235 + 0.025 0.155 + 0.015 1.52
EWACS” 0.250 * 0.040 0.150 + 0.020 1.67

*Energy Weighted Angular Correlations
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Fig. 1 The kinematics of a qqg system. The vectors V_, V-, and V_ give the
velocities of the outgoing partons. The vectofs V9 and V2g give the
velocities of the string pieces in the laboratory frame.
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Fig. 2 The momentum distribution of mesons in qqg events. In Fig. la the
typical distribution along two hyperbolas is shown, where the hatched
areas indicate the broadening coming from differences in mass and
transvers momentum. In Figs. 1b and 1lc the corresponding structures
are shown for a weak and a collinear gluon, respectively3),
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Fig. 6 The sphericity distribution
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Fig. 8 Generator study of f3 versus og for different fragmentation conditions.
f3 is the fraction of events with S > 0.25 and A < 0.1.
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