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Abstract

Femtoscopy is a powerful tool that can be used to investigate the space-time dimen-
sions of the region from which the particles are emitted. When applied to high energy
collisions this method is sensitive not only to quantum statistics, but also to final state in-
teractions, such as strong interactions between hadrons and Coulomb interactions when
considering charged particles. In particular, this procedure is used here to investigate
the sensitivity of strong interactions to different source sizes by considering correlations
of D° mesons, for which no theoretical or experimental results were known so far.
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1 Introduction

The studies of identical particles correlations started in the mid-fifties, with Robert Hanbury-
Brown and Richard Q. Twiss performing a measurement of the angular diameter of a star using
the correlation between two photons emitted from it [1]. This leads to the intensity interfer-
ometry or Hanbury-Brown-Twiss (HBT) effect. Later in 1960, G. Goldhaber, S. Goldhaber, W.
Y. Lee and A. Pais [2] performed an experiment intended to discover the p meson by measur-
ing charged pions in proton-antiproton collisions at 4/s = 1.05 GeV. The study showed that the
momentum correlation of two identical pions from the same event could be described as the
Fourier transform of a function of the phase space distribution of the emission source. How-
ever, it was later demonstrated that the method applied to high energy collisions is sensitive
not only to quantum statistics (QS) [3], but also to final state interactions, such as Coulomb
and strong interactions (SI). In this work, the construction of the correlation function will be
discussed, considering the description for QS and final state interactions contributions, focus-
ing mainly on SI, since the pair of particles of interest are electrically neutral. In particular,
this procedure is used to investigate the sensitivity of the strong interaction to different source

. —=0=0 . . . . . .
sizes for D°D?, D D correlations, which can contribute for heavy particle correlations studies
and to investigate new exotic bound states of matter.
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2 Two-particle correlation function

The two-particle correlation function (CF) can be approximated as [3]

P (ky, ky)

Cutke) = P k)

= C(k) ~ f &r S(r)|e(r, k), )

where \I/(r k) is the total wave function, and S(r) is assumed to be a Gaussian source function

2
S(r)= ( an R2)3 “—3v2, with R being the width of the source. In the case of two identical bosons, as-

suming the presence of a potential that only affects the s-wave, the two-particle wave function
can be written as

W(r, k) = v2[cos (k- 1) — jo(kr) + o(r)], (2)

where r = r; — 1y, k = (k; —ky) /2, jo(kr) is the spherical Bessel function, and () is the
scattered wave function for [ = 0. Finally, the correlation function between two identical
bosons is written as

Ck)=1+e 4R 4 zf d3r S(r)[4po(r)1? — j2(kr)]. (3)

Considering the assymptotic form for (), the Lednicky Lyuboshitz (LL) model [4] is ob-
tained, giving an approximated description of the strong interactions effects felt by two iden-
tical bosons, as
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In the expression above the effective range expansion (ERE) is considered, i.e.,

Imfy(k)
R

Cp(k)=1+2 [ FZ(ZkR)] N )

-1
folk) = [keot 5o(k) —ik] ™ ~ [—ai + %rokz —ik] , (5)
0

where 6§, is the phase shift, a is the scattering length and r is the effective range.

2.1 Numerical description

To obtain the correlation function, the total wave function of the system is needed. In this
study, a numerical description is employed to solve the Lippmann-Schwinger (LS) equation,
for the case of non-local potentials, which is the case for D°DO, 5050 correlations [5]. The LS
equation is given by
T(k?) =V + VG T (K>, (6)

where T is the transition operator, V is the potential matrix, and G is the Green function. The
scattered wave function can be written in terms of the T for the s-wave, from the LS equation,
as
2 Jo(qr)To(q, k; k?)

(k2 —q?)/2u+ie’

2 oo
Yolk,r) = jolkr) + —f dqq @)
T Jo

3 Results and Summary

From the numerical method the scattering observables were extracted, implemented in Eq.
(4) and the result was compared with the one obtained with the code, Fig. 1 (left). The code
provided the 6, used to fit Eq. (5) and obtain ag = 0.182 fm and ry = 2.44 fm. Finally, it is
possible to obtain the curves for the correlation function contributions, such as the QS and SI
contributions for R = 1.5 fm and R = 3.0 fm, Fig. 1 (center, right).
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Figure 1: Left: LL model (empty circles) and CF obtained from LS equation code
(filled triangles) for two values of R: 1.5 fm (red) and 3.0 fm (green). Center, Right:
Two-particle CF contributions: SI (grey, short dashed line), total (QS+SI; red, full
line) and QS (green, long dashed line) as a function of momentum k, using the
source width as R = 1.5 fm (left) and R = 3.0 fm (right).

4 Conclusion

The results obtained for D°D°, 5050 correlations show that the QS contribution reproduces
the behavior of QS correlations between identical spin-zero bosons, since it is expected that the
correlation function goes above one, which in femtoscopy is called an "attractive" correlation.
It was shown that the effect of the strong interaction is more significant at smaller values of
R, since the probability of emission of the bosons from closer points is larger and more likely
the relative distance of the pair is smaller, where the short-range contribution of the potential
predominates. Finally, with this study, it was possible to show that femtoscopy can be used to
study final-state interactions and give information about the shape of the particle correlation
functions. Furthermore, the results in this work might be used for correlation studies of D°D°

—0=0 , . . . N
and D D in particle collider experiments, as a guideline.
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