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Abstract. We investigate some recent measurements of Fermi–Dirac correlations by the LEP collaborations
indicating surprisingly small source radii for the production of baryons in e+e− annihilation at the Z0 peak.
In hadronization models there is besides the Fermi–Dirac correlation effect also a strong dynamical (anti-
) correlation. We demonstrate that the extraction of the pure FD effect is highly dependent on a realistic
Monte Carlo event generator, both for separation of those dynamical correlations that are not related to
Fermi–Dirac statistics, and for corrections of the data and background subtractions. Although the model can
be tuned to well reproduce single particle distributions, there are large model uncertainties when it comes
to correlations between identical baryons. We therefore, unfortunately, have to conclude that it is at present
not possible to draw any firm conclusion about the source radii relevant for baryon production at LEP.

PACS. 13.60.Rj; 13.66.Bc

1 Introduction

Hanbury-Brown and Twiss used Bose–Einstein (BE) cor-
relations between photons to measure the size of distant
stars [1]. A pair of bosons produced incoherently from an
extended source will have an enhanced probability, P12, to
be found close in momentum space when detected simul-
taneously, as compared to if they are detected separately
(P1 and P2). If the production region has a Gaussian shape
with some radius, R, it is fairly easy to show that the en-
hancement is given by

CBE ≡
P12

P1P2
= 1+e−Q

2R2 , (1)

where Q2 = −(k1− k2)2 is the negative of the square of
their four-momentum difference.
It was also early proposed to use a similar analysis

to gain information on the geometry of the production
region for pions in high-energy collisions [2]. The assump-
tion of completely incoherent production in a Gaussian
region is obvious when considering photons from a star,
and also very reasonable for the production of pions in cen-
tral heavy-ion collisions. For hadronic collisions or e+e−

annihilation it may, however, seem much less natural.
The assumption of incoherent production implies that the
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source is undisturbed by the emission, and thus not af-
fected by the enhanced radiation. In e+e− annihilation the
source disappears in the hadronization process. Energy-
momentum conservation is an important constraint, and
the source is not even approximately constant. The distri-
bution of pions is also far from isotropic, usually concen-
trated in narrow jets, and further complicated by the fact
that the pions often come from decays of long-lived heav-
ier resonances. In spite of all these problems, introducing
a so-called caoticity parameter in (1), and still assuming
a Gaussian production region, all e+e− experiments arrive
at a remarkably consistent value for the size of the produc-
tion region: R≈ 0.5–1 fm.
With a confining force, or string tension, of the order

of 1 GeV/fm this might have been regarded as a small pro-
duction region for collisions at e.g. LEP energies at which
the qq̄ pair is separated by about 90 fm before they are
stopped. However, in successful models based on strings or
cluster chains, hadrons that are close in momentum space
originate from regions that are also close in coordinate
space. Although the origin for the correlation is not fully
understood, a production region for pions or kaons of the
order of 1 fm is therefore quite reasonable.
An attempt to explain the observed correlation as an

effect of quantum interference between different contribu-
tions to the production amplitude in the string hadroniza-
tion process is presented in [3, 4]. Although this approach
gives a qualitatively correct result, quantitative predictions
at LEP energies have been hampered by technical difficul-
ties. Within this approach it has been argued that the cor-
relation between string pieces separated by a gluon should
be strongly reduced. When the center-of-mass energy is in-
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creased the number of gluons is also large, and the mass of
a straight string piece between two gluons is kept relatively
small. The result is therefore sensitive to the hadronization
of small string systems. The iterative solution to the Lund
string hadronization model [5] is only exact for high mass
systems, and although the corrections due to finite energy
normally can be neglected for inclusive distributions, they
do have a large impact on correlations [6].
A natural parallel to BE correlations is to look at the

corresponding correlation between identical fermions. Here
one would expect a depletion of fermion pairs close in mo-
mentum space, and using the same assumptions for the
production region as above we arrive at

CFD = 1−λe
−Q2R2 , (2)

where we now have explicitly included the “caoticity par-
ameter” λ. Recently three of the LEP experiments have
published results on such Fermi–Dirac (FD) correlations
for pp, p̄p̄, ΛΛ and Λ̄Λ̄, again finding consistent results
giving R ∼ 0.15 fm. This result is a bit disturbing, not
only because the size of the production is much smaller
than the one obtained for mesons, but also because the
size is smaller than the baryons themselves. It is therefore
important to thoroughly investigate possible theoretical
and/or experimental problems in the analyses.
An essential problem in extracting the correlation is

the estimate of the reference distribution P1P2 in (1). The
distributions P1 and P2 must here correspond to exactly
identical events, i.e. events with the same emission of gluon
radiation (and the same orientation). If there are other cor-
relations beside the BE or FD effect, the distribution P1P2
should be replaced by a reference distribution correspond-
ing to the two-particle distribution in a hypothetical world
without BE or FD correlations. If N(Q) and Nref(Q) rep-
resent the number of pairs in the real and the reference
sample, respectively, the correlation is determined by the
ratio

C(Q) =
N(Q)

Nref(Q)
. (3)

Such a reference sample is obviously not directly ob-
servable in an experiment. Different methods have been
applied for the construction of reference samples, but they
all suffer from serious limitations. One possibility is to use
a phenomenological hadronization model without BE or
FD correlations, implemented in a Monte Carlo event gen-
erator. Besides a strong model dependence this method is
also sensitive to any imperfection in the event-generator
implementation of the underlying hadronization model.
To reduce the model sensitivity it is therefore prefer-

able to construct reference samples directly from the data.
Two different methods have been used for this purpose: to
use opposite sign pairs and to use pairs from mixed events.
When studying correlations in π+π+ or π−π− pairs it may
seem reasonable to use a reference sample of π+π− pairs,
which are free from the BE effect. The π+π− pairs have,
however, strong correlations due to resonance contribu-
tions, and when using the ratio Nπ+π+(Q

2)/Nπ+π−(Q
2)

to determine the BE effect, it is therefore necessary to cut

out the resonance regions in the fit, or else to estimate
their contributions to the distribution. The method to use
a reference sample with pairs of particles from different
events (a mixed reference sample) has the problem that the
hadronization is dependent on the gluon radiation, which
differs from event to event. This bias can be reduced (but
not eliminated) by a cut in thrust, which limits the radia-
tion, and by orienting the events to align the thrust axes.
In this paper we want to discuss the special problems

encountered when trying to extract the effect of FD corre-
lations in pairs of (anti-) protons and Λs. Naturally there
are great experimental difficulties in a determination of
p̄p̄ or ΛΛ correlations, which are associated with accept-
ance limitations, an admixture of pions in the (anti-) pro-
ton sample and limited statistics in the ΛΛ sample. We
will here show that the experimental analyses of momen-
tum correlations also depend very strongly on a realistic
hadronization model, which can introduce large errors due
to uncertainties both in the model used and in its imple-
mentation in PYTHIA [7, 8]. We therefore conclude that
it presently is not possible to confirm the very small pro-
duction regions presented in the literature. It should be
mentioned that there is also a model-independent method
to study the FD effect, which is based on the spin correla-
tion in ΛΛ pairs. This method is, however, limited by low
statistics, which also here prevents a definite conclusion.
The organization of this paper is as follows: in Sect. 2 we

describe how the experiments extract FD effects in correla-
tions between identical baryons. Then in Sect. 3 we present
the basics of the Lund string hadronization model, where
we in particular discuss baryon production and baryon–
baryon correlation. In Sect. 4 we discuss in more detail the
uncertainties in the Lund model and the approximations
in its implementation in the PYTHIA event generator that
have an impact on the baryon correlations. Finally our
main results are summarized in Sect. 5.

2 Measurements of Fermi–Dirac correlations

As mentioned in the introduction there are two different
methods that have been used to determine the FD correla-
tions between identical baryons. One is based on momen-
tum correlations similar to the analyses of BE correlations
between meson pairs discussed above, while the other uses
spin correlations in ΛΛ pairs. While the first one is model
dependent, the second is hampered by low statistics. We
will in this section discuss the results of both methods.

2.1 Momentum correlations

Experimental measurements (and theoretical expecta-
tions) show strong correlations between a proton and an
antiproton or between aΛ and an Λ̄. In the recent measure-
ments of FD correlations between protons and Λs, the ref-
erence samples have therefore typically been constructed
using pairs of particles coming from different events, rather
than opposite charge particles. To reduce the bias due to
gluon radiation the events have frequently been oriented so
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that the thrust axes end event planes coincide, and some-
times also a lower cut on the thrust value has been applied.
Associated with the baryon–antibaryon correlations

there are in current hadronization models also very strong
correlations between identical baryons, besides those
caused by gluon emission. These correlations must be sep-
arated before the true FD effect can be extracted. A way to
reduce the bias due to both the gluon radiation when using
a mixed reference sample, and the dynamical correlations
that are not due to FD statistics, is to compare with ex-
pectations from a Monte Carlo (MC) simulation program.
This is usually done by studying the “double ratio”

C(Q) =

(
N exp(Q)

N expref (Q)

)/(
NMC(Q)

NMCref (Q)

)
. (4)

Here NMC and NMCref represent the MC generated real
pairs and pairs from a generated reference sample of mixed
events. With a realistic MC this method should isolate the
true FD effect.
We want to emphasize that this method necessarily has

the problem that the result is very sensitive to the de-
scription of the correlations in the MC, which should be
free of FD effects. These correlations are much more un-
certain than the inclusive distributions, which have been
accurately tuned to the experimental data (see e.g. [9]).
Note also that they cannot be constrained by the data, as
it is not possible to switch off FD effects in the experiment.
It is exactly the difference between the data and the FD-
free MC that is interpreted as the FD effect. If the model
and/or its MC implementation is imperfect the result will
be wrong. We here also note that if the MC is tuned to
correctly describe the single proton spectrum, then it au-
tomatically also reproduces the pairs in the mixed events.
This implies that the double ratio in (4) is actually very
close to the single ratio, with the MC result as the reference
sample in (3). As far as we know, there have been no meas-
urements of correlations between non-identical baryons,
e.g. pΛ and p̄Λ̄. Such a measurement would be a very ef-
fective tool for validating the baryon–baryon correlations
in the hadronization models in the absence of FD effects.

Table 1. Experimental results for λ and R from FD correla-
tions between baryon-pairs produced in e+e− annihilations at
the LEP collider

R (fm) λ Experiment

p̄p̄ 0.14±0.06 0.76±0.33 OPAL1 [10]
0.11±0.01 0.49±0.09 ALEPH [11]
0.16±0.05 0.67±0.25 DELPHI [12, 13]

ΛΛ 0.11±0.02 0.59±0.10 ALEPH [14]
0.17±0.14 spin analysis ALEPH [14]

0.19+0.37−0.07 spin analysis OPAL [15]

0.11+0.05−0.03 spin analysis DELPHI1 [16]

1 Note that these results have only been presented as
a preliminary.

The method with double ratios has been used in ana-
lyses by the three LEP experiments ALEPH, OPAL, and
DELPHI. Their results are presented in Table 1, and we see
that they all find similar results with a production radius of
the order of 0.15 fm.

2.2 Spin–spin correlations

An alternative way to study the FD effect, which does not
rely on theoretical models and Monte Carlo simulations,
is offered by the fact that Λ particles reveal their spin in
the orientation of their decay products. A ΛΛ pair with
total spin 1 must have an antisymmetric spatial wave func-
tion and is therefore expected to show a suppression for
small relative momenta Q. ΛΛ pairs with total spin 0 have
a symmetric spatial wave function and should therefore
show an enhancement for small Q, similar to the correla-
tion for bosons. Therefore one expects pairs with small Q
values to be dominantly S = 0. This ought to becomemani-
fest in a preference for the protons from the decaying Λs to
be more back to back in the di-Λ center-of-mass system for
small Q.
Analyses at LEP [14, 15, 17] do indicate such an effect.

An example is the distribution in dN/dy∗ as obtained by
the ALEPH collaboration (Fig. 4 in [14]). Here y∗ is the
cosine of the angle between two protons in the di-Λ center-
of-mass system. When fitted to a straight line the resulting
slope does increase for low Q values, thus favoring back-
to-back correlations. Results from three LEP experiments
are presented in Table 1, and the fitted production radii are
consistent with those from analyses of momentum corre-
lations. This type of fit to an expected form gives a very
small error, but looking at the result in [14], this error
cannot represent the real uncertainty in the data, which
can also be well fitted by a horizontal line for all values
of Q. Unfortunately, we have to conclude that the statis-
tics is too limited for a reliable determination of the range
of the FD effect using this method. (Although in principle
model independent, also this method needs Monte Carlo
simulations to correct for losses due to acceptance and for
background contributions.)

3 Baryon production
in the Lund string model

The most successful model of hadron production is the
Lund string fragmentation model. In this model it is easy
to show that two identical baryons cannot be produced
close in rapidity along a jet and, hence, with smallQ, since
flavor-number conservation requires that an antibaryon
is produced in between. This need not be the case in
other models. In e.g. the cluster hadronization model, two
nearby clusters may both decay isotropically into baryon–
antibaryon pairs resulting in two identical baryons close
in momentum space. It should be noted that although the
models can be tuned to reproduce inclusive particle spec-
tra with high accuracy, there are large uncertainties in the
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description of particle correlations in general and baryon
correlation in particular.
As the Lund string model is used in the experimental

analyses, we will here describe this model in some detail.
The Lund model is based on the assumption that the color-
electric field is confined to a linear structure, analogous to
a vortex line in a superconductor. The model contains two
basic components: a model for the breakup of a straight
force field and a model for a gluon as an excitation on the
string-like field.

3.1 Breakup by qq̄ pair production

The breakup of a high-energy qq̄ system is illustrated
in Fig. 1. We study first a simplified one-dimensional world
with only one meson mass and no baryon production. The
probability for a final state with nmesons with massm and
momenta pi is then given by the relation

dP ∝
n∏
i

[
Nd2piδ

(
p2i −m

2
)]
δ
(∑

pi−Ptot
)

× exp(−bA) . (5)

Here A is the space-time area indicated in Fig. 1, while N
and b are two free parameters of the model. The expression
in (5) is a product of a phase space factor and the exponent
of a “color coherence area”,A, which can be interpreted as
the imaginary part of an action. The phase space is spec-
ified by the parameter N , where a large N value favors
many particles and a small N few particles. The value of
b specifies the strength of the imaginary action, and here
a large value favors early breakups and correspondingly
few particles in the final mesonic state.
For a high-energy system the result in (5) can be gen-

erated in an iterative way. The mesons can be “peeled off”
one by one from one end, where the ith meson takes the
fraction zi of the remaining (light-cone) momentum. The
fractions zi are determined by the “splitting function”

f(z) =N
(1− z)a

z
exp

(
−
bm2

z

)
. (6)

Fig. 1. Schematic space-time picture of hadron production in
the Lund string model

Here the parameters N and b are the same as in (5) (if
measured in units such that the string tension is 1) and a is
determined by the normalization constraint

∫
f(z)dz = 1.

(In practice, a and b are treated as the free parameters, and
N is determined from normalization.)
In the real world there are different quark species and

different meson masses. This is simulated by different
weights Ni in (6), representing a suppression of strange
quarks and of the heavier vector mesons relative to pseudo-
scalar mesons. The parameter b has to be a universal
constant, but a can in principle vary depending on the
quark flavor at the breakup, although most fits to data
assume a single value. It is also necessary to include trans-
verse momenta, where the meson mass, m, in (5) and (6))

is replaced by the transverse massm⊥ =
√
m2+p2⊥.

We emphasized that the iterative procedure works only
when the energy is large. This implies that it is a bad ap-
proximation at the end of the generation, when only little
energy is remaining. In the PYTHIA program this problem
is solved by peeling off mesons randomly from both ends
of the string, making two hadrons when the remaining in-
variant mass is small enough. This implies that the error
from the “junction” between the two halves will be spread
out and will not be visible in inclusive distributions. This
method will, however, not remove the error on the corre-
lations. They will still remain, as we will discuss further
below.

3.2 Gluon emission

The second basic feature of the Lund model is the assump-
tion that in three dimensions the dynamics of the confined
force field is well represented by the massless relativistic
string, and that the gluons act as transverse excitations on
this string [18, 19]. This assumption implies angular asym-
metries, which were first observed by the JADE collabo-
ration at the PETRA accelerator [20]. A most important
feature of this gluon model is infrared stability. Soft or
collinear gluons give only small modifications of the string
motion, and hence also on the final hadronic state.
Although the breakup of a string that is bent by many

gluons should also be determined by the area law in (5),
there are here ambiguities and technical problems. Is the
projection of a bent string piece onto a meson state the
same as for a straight string piece? The generalization
of (5) and its formulation in an iterative process in an event
generator also imply ambiguities [21]. Although an error
here does not show up in inclusive distributions, it could
well have effects on correlations and thus be important in
analyses of the FD effects.

3.3 Baryon production

Baryon–antibaryon pairs can be produced when the string
breaks by the production of a diquark–antidiquark pair
in a 3̄–3 color state. The weights must here be adjusted
so that the baryons become fully symmetric spin–flavor
states, which also preserves isospin invariance. This mech-
anism gives strong correlations between the baryon and the
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Fig. 2. Representation of color fluctuations in the string. The
wrongly colored pair q1(b)q̄1(b̄) together with q2(g)q̄2(ḡ) form
an effective diquark–antidiquark pair, yielding a baryon and an
antibaryon, neighbors in rank. At the left-hand side we show
the production of a baryon and an antibaryon with a meson be-
tween them, arising from two breakups in a color fluctuation
region

antibaryon, which must have two quark flavors in common.
This correlation is stronger than what is observed, and for
this reason we have to imagine that the diquarks can be
produced in a step-like manner, allowing a meson to be
produced between the baryon and the antibaryon, as indi-
cated in Fig. 2 [22]. This so-called “popcorn” mechanism
also implies that the baryon and the antibaryon come far-
ther apart in rapidity and momentum space.
A more elaborate model for baryon production is de-

veloped in [23]. As we find no significant differences be-
tween this model and the standard popcorn model for the
distributions of interest in this paper, we will not discuss it
further here.

3.4 Baryon–antibaryon correlations

The ordering of the hadrons along the string, the so-called
rank ordering, agrees on average with the ordering in ra-
pidity, with an average separation, ∆y, of the order of
half a unit in rapidity. As baryon production is suppressed
compared to meson production, a baryon–antibaryon pair
frequently originates from a single diquark–antidiquark
breakup. The baryon and the antibaryon are then pro-
duced as neighbors in rank, or with one (or a few) mesons
in between, which implies that they are not far away from
each other in momentum space. Two baryons must nec-
essarily come from two different BB̄ pairs and must al-
ways be separated in rank by at least one antibaryon (and
normally also with one or more mesons). This will give
a strong anticorrelation between two baryons in rapid-
ity and in momentum. This is illustrated in Fig. 3, which
shows correlations in pp and pp̄ pairs. We see that there
is a very strong positive correlation between protons and
antiprotons, which are frequently neighbors in rank, but
there is a negative correlation between two protons.
In Fig. 3 we see that the range for the pp correlation is

given byQ∼ 1.5 GeV∼ 1/(0.15 fm). We note that this cor-
responds exactly to the correlation length reported in the

Fig. 3. Monte Carlo results for the ratio CMC(Q) = MC(Q)/
MCmix(Q) for pp (×) and pp̄ pairs (+)

experiments. The strength of the correlation is, however,
smaller in the simulation than in the data.
This raises the question: is the difference between data

and PYTHIA really a FD effect, or could the event genera-
tor underestimate the strength of the correlation?
In the model there is a strong correlation between mo-

mentum and space coordinates for the produced hadrons.
Thus two identical baryons are (in the model) well sepa-
rated also in coordinate space, and we would from this pic-
ture expect Fermi–Dirac correlations to correspond to a ra-
dius ∼ 2–3 fm. If the dynamical anticorrelation is indeed
underestimated in PYTHIA, we would in the model expect
that the real FD correlation corresponds to a larger ra-
dius and therefore show up for Q values around 1/(2 fm)≈
0.1GeV. Since the phase space is suppressed for these small
Q values, this effect would be impossible to observe in the
LEP experiments.
Although the fundamental nature of BE correlations

is not understood, its effects have been fairly well repro-
duced by a model in which the momenta of the produced
hadrons are shifted so that identical mesons come closer
in momentum space [24, 25]. This model is implemented in
the program PYBOEI and included in the PYTHIA pack-
age. With minor modifications, PYBOEI can also be used
to simulate FD correlations, in which case one would see
an expected drop for very small Q values below 0.5 GeV,
assuming a source radius of 1 fm.

4 Uncertainties in the event-generator model

There are a number of sources for uncertainty in the
PYTHIA program.

1. There are two fundamental parameters, a and b, in the
splitting function in (6). The hadron multiplicity de-
pends essentially on the ratio (a+1)/b. This ratio is
therefore well determined by experiments, but a and b
separately are more uncertain. Small values of a and
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Fig. 4. The ratio CMC(Q) = MC(Q)/MCmix(Q) for different
values of the parameters a and b. Larger (a, b) values give
a stronger correlation and a deeper dip for small Q. The default
values in the PYTHIA program is a= 0.3 and b= 0.58 GeV−2

b correspond to a wide distribution f(z), and a wide
distribution in the separation, ∆y, between hadrons
that are neighbors in rank. Large values of a and b
imply a narrow ∆y distribution and therefore lower
probability for two particles to be close in momen-
tum space. The effect of varying a and b keeping the
multiplicity unchanged is shown in Fig. 4. We see that
larger a and b values give a stronger anticorrelation for
small Q.

2. The parameter b is a universal constant, but a may
be different for baryons, although the data are well
fitted by a universal a value. This gives some extra
uncertainty.

3. As discussed in the previous section the PYTHIA pro-
gram does not exactly reproduce the Lund hadroniza-
tion model. The splitting function in (6) gives a correct
result when the remaining energy in the system is large.
To minimize the error at the end of the cascade, when
the remaining invariant mass is small, the MC cuts off
hadrons from both ends randomly and joins the two
ends of the system by producing two single hadrons.
It is possible to adjust the cutoff so that this method
works well for inclusive distributions, but it implies that
the correlations do not correspond to the prediction
of the model for particles close to the “junction”. To
estimate the error from this approximation we show
in Fig. 5 the pp correlations in a single high-energy jet
without a junction, and we compare it with the stan-
dard result for a 91 GeV qq̄ system. In both cases no
gluon radiation is included. We note here that a signifi-
cant part of the anticorrelation present in the model has
disappeared in the standard Monte Carlo implementa-
tion, as the approximation in (and around) the junction
allows baryons to be produced with momenta close to
each other.

4. Gluon emissions imply that straight string pieces are
small compared to the mass of a BB̄B system. This

Fig. 5. A single jet without a junction has a large dip in
CMC(Q) = MC(Q)/MCmix(Q) for small Q (×). This correla-
tion is reduced by the approximate treatment in the Monte
Carlo of the small mass systems close to the “junction” (+)

Fig. 6. CMC(Q) =MC(Q)/MCmix(Q) with (+) and without
(×) a 15% admixture of pions

gives also extra uncertainty. The gluon corners on the
string imply ambiguities and approximations in the
hadronization model [21], which, even if not seen in
inclusive distributions, may be important for correla-
tions. This may well be a major reason why ππ cor-
relations are not so well reproduced by PYTHIA (see
e.g. [26, 27]).

5. Besides these model uncertainties, there are uncertain-
ties in the experimental correction procedure, such as
the problems with event mixing and thrust alignment
mentioned in Sect. 2. In addition the identification of
antiprotons is not perfect in the experimental data. As
an example the Delphi antiproton sample contains 15%
pions. As mentioned above, the pion correlations are
not perfectly reproduced by PYTHIA. Figure 6 shows
results with and without a 15% pion admixture. We
see that an error in the simulation of the pion–pion or
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pion–proton correlations also will affect the estimated
proton–proton correlations.

In summary we see that there are many effects that
make the Monte Carlo predictions for pp or ΛΛ correla-
tions quite uncertain. As the experimental determination
of the correlations rely so strongly on a correct Monte
Carlo simulation, it is therefore at present premature to
conclude that the production radius has a very small value
around 0.15 fm. As the expected dynamicalBB correlation
has the same range (Q∼ 1.5 GeV) as the published results
for the FD effect, we believe that it is more likely that
the strength of the dynamical BB correlation is underesti-
mated in the PYTHIA event generator. The true FD effect
may then correspond to a larger production region and
therefore show up at Q values too small for experimental
observation.

5 Conclusions

The reported results on the production radius for baryon
pairs are clearly not consistent with the conventional pic-
ture of string fragmentation. In fact, a production radius
of 0.15 fm, which is smaller than the size of the baryons
themselves, seems difficult to reconcile with any conceiv-
able hadronization model.
There are principal problems in the construction of

a reference sample that contains all dynamical baryon–
baryon correlations but not the effects of Fermi–Dirac
statistics. When an event generator is tuned to inclusive
distributions, the use of the double ratio in (4) implies
that the result depends critically on a perfect simulation
program.
In this article we have noted a number of uncertainties

in the Lund string fragmentation model and its implemen-
tation in the PYTHIA event generator used in the correc-
tion of the data when extracting the Fermi–Dirac effects. In
particular, we noted that the strong dynamical correlation
between baryons in the model appears to be in the same
range of Q as the claimed FD correlations in the data, and
that the model uncertainties for these correlations are large
and have not been independently constrained by the data.
In conclusion, we feel that it is premature to claim that

the observed discrepancy between data and Monte Carlo
is really only due to Fermi–Dirac effects, which would in-
dicate a new kind of production mechanism. To make such
claims one would first have to demonstrate that the models
correctly describe baryon–baryon correlations in the ab-
sence of FD effects, e.g. by comparingmodel predictions for
pΛ and p̄Λ̄ correlations to experimental data.
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