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π±Ξ∓ CORRELATIONS AND THE Ξ∗(1530) PUZZLE.

B.O. Kerbikov
Institute for Theoretical and Experimental Physics, 117218 Moscow, Russia

R.Lednicky
Joint Institute for Nuclear Research, Dubna, Moscow Region, 141980, Russia

L.V. Malinina
M.V. Lomonosov Moscow State University, D.V. Skobeltsyn Institute of Nuclear Physics, 119992,

Moscow, Russia

P. Chaloupka and M. Šumbera,
Nuclear Physics Institute, Academy of Sciences of the Czech Republic, 250 68 Řež, Czech Republic

The analysis of the preliminary RHIC data on π
±
−Ξ∓ correlation function is carried out.The

Ξ∗(1530) resonance is successfully described. The values of the fireball radius and of the
π
±
− Ξ∓ scattering lengths are obtained.

Measurement of momentum correlations of the two low relative momentum particles pro-
duced in heavy ion collisions is an important method to study the spatio-temporal picture of
the emission source at the level of fm = 10−15 m. This type of analysis acquired the name of
femtoscopy and has been reviewed in e.g. 1, 2, 3, 4.

At the early stages the studies were focused on the production of identical pions, since then,
measurements have been performed for different systems of both identical and non-identical
hadrons, high-statistics data sets were accumulated in heavy ion experiments at AGS, SPS,
RHIC accelerators5-8. Correlations are significantly affected by the Coulomb and/or strong final
state interactions (FSI) between outgoing particles. The non-identical particles correlations due
to FSI provide information not only about space-time characteristics of the emitting source,
but also about the average relative space-time separation between the emission points of the
two particle species in the pair rest frame 9. Maybe the most exotic system studied recently by
STAR collaboration is π − Ξ 10,11: the particles composing the pair have one order of magni-
tude difference in mass plus ∆B=1/∆S=2 gap in baryon/ strangeness quantum numbers. It is
challenging to study FSI of such exotic meson-baryon system and to extract information about
the π − Ξ S-wave scattering lengths. The other important reason to study π − Ξ correlations is
that multistrange baryons are expected to decouple earlier, than other particle species because
of their small hadronic cross-sections 12, allowing one to extract the space-time interval between
the different stages of the fireball evolution.

Preliminary results for the πΞ system are available from STAR Collaboration 10,11. The
following important observations were made:
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• Decomposition of the correlation function C(k) ≡ C(k, cos θ, ϕ) from 10% of the most
central Au+Au collisions into spherical harmonic, provided the first preliminary values of
R = (6.7± 1.0) fm and ∆out = (−5.6± 1.0) fm. The negative value of the shift parameter
∆out indicates that the average emission point of Ξ is positioned more to the outside of
the fireball than the average emission point of the pion.

• In addition to the Coulomb interaction seen in previous non-identical particle analysis the
π±Ξ∓ correlations at small relative momenta provide sufficiently clear signal of the strong
FSI that reveals itself in a peak corresponding to the Ξ∗(1530) resonance. The peak’s
centrality dependence shows a high sensitivity to the source size.

• Comparison with the FSI model confirms that theoretical calculations in the Coulomb
region are in a qualitative agreement with the data. In the strong Ξ∗(1530)-region they
over-predict both the size and the shift coefficients.

Below we present the first results of our calculations of the π±Ξ∓ FSI and make the comparison
with the experimental data.

The outgoing wave function (w.f.) of π±Ξ∓ system Ψ(~k,~r) enters as a building block into
the correlation function (CF):

C(~k) =

∫
d~rS(~r)|Ψ(~k,~r)|2, (1)

here ~k is a relative momentum of the pair, S(~r) is a source function, Ψ(~k,~r) is the out-state w.f.
with the asymptotic form

Ψ(~k,~r) ≡ Ψ−(~k,~r) ∼ ei~k~r + f∗(− cos θ)
e−ikr

r
(2)

We considered the Gaussian (in the pair rest frame) model for the source function:

S(~r) = (8π3/2R3)−1 exp(−r2/4R2). (3)

The problem of FSI in the π±Ξ∓ system is highly intricate since one has to take into account
the following factors:

• The superposition of strong and Coulomb interactions

• The presence of Ξ∗(1530) resonance

• The spin structure of the w.f. including spin-flip.

• The fact that the π±Ξ∓ state is a superposition of I = 1/2 and I = 3/2 isospin states and
that π+Ξ− state is coupled to the π0Ξ0 and that the thresholds of the two channels are
non-degenerate.

• The contribution from small distances where the structure of the interaction is unknown.

The low energy region of πΞ interaction up to the Ξ∗(1530) resonance is dominated by S- and P -
waves. Therefore the w.f. contains two phase shifts with I = 1/2, 3/2 for S-wave and four phase
shifts with I = 1/2, 3/2 and J = 1/2, 3/2 for P -wave (J = l ± 1/2 is the total momentum).
To reduce the number of parameters we have assumed that the dominant interaction in P -
wave occurs in a state with J = 3/2, I = 1/2 containing the Ξ∗(1530) resonance. Since the
parameters of Ξ∗(1530) are known from the experiment we are left with two S-wave phase shifts
which are expressed in terms of the two scattering lengths as and at with I = 1/2 and I = 3/2
correspondingly.

Leaving the technical details for the future full-size publication we present the resulting
expression for the w.f.
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Here ΨCoul is the Coulomb w.f., k1 and k2 are the c.m. momenta in π±Ξ∓ and π0Ξ0 channels,

ϕl(ρ1) =

√
4π

ρ1
(−i)le−iσl(k1)

(
Fl(ρ1) + iGl(ρ1)

i

)
(5)

χl(ρ2) =

√
4π

ρ2
(−i)le−iσl(k1)h

(−)
l (ρ2), (6)

with ρ1 = k1r1, ρ2 = k2r2. Next

T0 = c2(k1)k1(M22 + ik2)d
−1, R0 = −c(k1)(k1k2)

1/2M12d
−1, (7)

d = (M11 + ik̃1)(M22 + ik2) − M12M21, (8)

3M11 = 2a−1
s + a−1

t , 3M22 = a−1
s + 2a−1

t , 3M12 = 3M21 =
√

2(a−1
t − a−1

s ), (9)
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1

3
√

2

Γ

E − E0 − iΓ/2
, (10)

where c2(k1) is the Gamow factor, k̃1 is the Coulomb modified momentum, σl is the Coulomb
phase. Expression (5) describes the region r > ǫ ∼ 1 fm where the strong potential is assumed to
vanish. The contribution from r < ǫ is proportional to the time the system spends in the inner
region and is calculated according to the corresponding equation without any new parameters.

Fig. 1 presents the results of calculations and the experimental data from 10,11. The solid
curve corresponds to the source size R = 7.0 fm, as = 0.1 fm, at = 0.08 fm. The dashed line was
obtained with the same values of the parameters but without the contribution from the inner
region. The dip-bump structure is due to the interference between the Breit-Wigner resonance
and the Coulomb w.f. at θ ≈ π.

In summary, we have for the first time successfully described the experimental data on the
π±Ξ∓ CF, obtained the emission source radius and low energy parameters of the interaction.
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Figure 1: The CF of π
±Ξ∓ system for R = 7.0 fm, as = 0.1 fm, at = 0.08 fm solid line, dashed line the same

without contribution of r < ǫ region, by black stars are shown the experimental data of STAR collaboration.
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