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An alternative fragmentation scenario based on the assumption of existence of a helix-like
ordered gluon field at the end of parton cascade provides a significantly better description of
hadronic Z0 data. The model predicts azimuthal ordering of direct hadrons which should be
visible also at Tevatron and LHC.

1 Introduction

The idea of the formation of a helix-like ordered gluon field at the end of the parton cascade
has been proposed by Andersson et al. 1, on the basis of the study of the optimal packing of
soft gluons in the phase space under the helicity conservation rules. The replacement of the
1-dimensional string with a 3-dimensional object has direct impact on the modelling of the in-
trinsic transverse momenta of direct hadrons. In the standard Lund fragmentation algorithm,
the transverse momentum is created in the tunneling process, assuming local momentum con-
servation and no correlation between size and direction of the transverse momentum between
breaking points. In the model with helix-like structure of the QCD field, the string tension
operates in the transverse plane and there is no need to assign an additional transverse mo-
mentum to partons emerging in the tunneling process. Without the additional component of
the transverse momentum from the tunneling process, the transverse momentum (pT ) of the
emerging hadron is entirely defined by the transverse structure of the QCD field in between the
adjacent string break-up points. Observable effects can be expected both in the inclusive pT

spectrum (especially in the low pT region dominated by the fragmentation effects), and in the
azimuthal ordering of hadrons.

It is important to note that the form of the helix field is not entirely predicted and that it is
possible to find several parametrization of the helix field which are conform to the assumptions
made in 1.

2 Helix string model(s)

The original proposal linked the difference in the helix phase to the rapidity difference along the
string

∆Φ = ∆y/τ (1)

where τ is a parameter and ∆Φ stands for difference in the helix phase corresponding to the
rapidity difference ∆y along the string ( for details consult 1 ). The model predicted a visible
effect in the azimuthal ordering of hadrons, but the dedicated analysis of LEP data failed to
produce a significant signal 2.



Figure 1: Helix string parametrizations. Left: original proposal (Eq.1). Right: modified helix scenario (Eq.2).
The lines in the string area diagram connect points with identical helix phase.

A modified version of the helix string scenario has been proposed in 3, with helix phase
difference proportional to the amount of energy stored in the QCD string ( in the string rest
frame )

∆Φ = S κ ∆l (2)

where S is a parameter, κ is string energy density, and ∆l is distance (along the string) separating
points with helix phase difference ∆Φ.

The difference between models is illustrated by Fig. 1. In the original helix string scenario,
the helix winding becomes faster towards string endpoints, while the modified scenario defines
a regular, static helix structure.

3 Experimental signature

The modified helix string fragmentation scenario (Eq.2) predicts a number of features which
can be observed experimentally. The size of transverse momentum pT of a direct hadron is
correlated with its energy E ( in the rest frame of the string) via relation

| ~pT | = 2 r|sin(0.5 S E)| (3)

where r stands for radius of the helix structure. The correlations are shown in Fig. 2 (left) for a
toy case of simple hadronic system without hard gluon kinks. Fig. 2 (right) shows the difference
between the standard pT modelling ( via tunneling ) and the helix driven pT modelling in the
inclusive pT spectrum. Direct observation of E−pT correlations is difficult due to the smearing by
parton shower, but the qualitative difference in the shape of the inclusive spectrum is preserved.
Interestingly enough, such type of discrepancy is readily observed in hadronic data 4,5.

The parameters of the helix string model have been adjusted using LEP data with help of
Rivet/Professor tools 6. A simultaneous tuning of 6 parameters (including helix radius r, pitch
S, Lund parameters (a, b), parton shower cut-off and effective coupling constant ΛQCD) has been
performed for two parton shower algorithms (Pythia pT ordered parton shower 7 and Ariadne
parton shower8) interfaced to private implementation of the helix string fragmentation algorithm



Figure 2: Left: Correlations between the energy and the size of the transverse momentum for direct hadrons
produced in the fragmentation of a simple qq̄ helix string with structure given by (Eq.2). Right: The impact
of the helix string fragmentation on the inclusive pT spectrum of final charged hadrons. Pythia modelling of

hadronic Z0 decays with suppressed parton shower (generator level study) .

9. The global results of the tune - the χ2 difference with respect to the data - are shown in
Table 1. Fragmentation of the helix-like structured string describes the data significantly better
than the standard Lund string fragmentation, despite the limited scope of the tuning (identified
particle spectra and heavy quark distributions have not been included in the tune). The tuned
helix string parameters and further details can be found in 10. The results can be attributed to
the interplay between intrinsic pT modelling and the effect of the parton shower, and the study
is an excellent illustration of the fact that a better description of the soft region ( here with
helix string fragmentation ) has a significant impact on the overall description of the data.

The helix-like ordering of gluons should also translate into ordering of hadrons in the az-

imuthal angle, experimentally observable via spectral analysis of characteristic correlations be-
tween azimuthal opening angle of a pair of hadrons and the energy-distance between them
(measured along the string). Though it is impossible to reconstruct the history of the string
fragmentation from the knowledge of the momenta of final hadrons only, the generator level
studies suggest an approximate ordering of final hadrons in rapidity (or pseudorapidity), re-
tains enough sensitivity to detect the presence of azimuthal ordering. The measurement can
be performed using LEP data, or so called minimum bias sample collected by hadron colliders
(Tevatron,LHC).

At hadron colliders, the measurement of the azimuthal ordering can be performed in ’soft’
event selection, with a cut on maximal hadron pT ∼ 1 GeV/c, which should select events where
fragmentation effects dominate over contribution from the parton shower.

Data set Pythia 11 helix + Pythia Ariadne helix + Ariadne

inclusive spectra
+ event shapes 4075 2453 2453 1489
Nbin = 619

ident.part.rates
+ b-fragmentation 444 669(*) 614(*) 586(*)
Nbin = 47

Table 1: Sum (over all bins) of χ
2 difference between data and models. The ’Pythia/Ariadne’ labels distinguish

between Pythia 6.421 pT-ordered parton shower, and Ariadne 4.12 parton shower. (*) distributions not included
in the tune.



The azimuthal ordering should be
visible as a peak in a suitably de-
fined power spectrum ( in order
to obtain a clear signal, the defi-
nition of the power spectrum has
to reflect the parametrization of
the helix string structure, see dis-
cussion in 3). A typical size and
position of the expected signal is
shown in Fig. 3, based on the pre-
diction of the helix string model
tuned at LEP data.

Figure 3: Azimuthal ordering of hadrons can be detected as a peak in
the power spectrum defined according to the expected helix struc-
ture. Pythia modelling of non-diffractive events at

√

s=900 GeV.
Generator level study.

4 Conclusions

The hypothesis of the existence of a helix-like ordered gluon field explains some characteristic
discrepancies between modelling of hadronic processes and the data. The interplay between soft
non-perturbative region and the parton shower activity is better described using the helix string
hypothesis (the comparison is done using a representative set of inclusive charged spectra and
event shape variables). The helix string scenario predicts azimuthal ordering of direct hadrons,
experimentally observable at LHC. If confirmed, such an effect may be considered a first direct
evidence in favour of the helix-like QCD string.
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