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Fe mto SCOpy/MOtivation _ongitudinal Co-Moving System - LCMS

- Access to the spatial and temporal information about a
particle-emitting source

Identical particles
- Different particle species are sensitive to various effects
(F'SI, shear and bulk viscosity, temperature, space and time

emission asymmetries, etc...) k
Pair Rest Frame - PRF

- Strong model constraints ./
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Pions in BES

Space and time scale as ~ multiplicity”1/3

Radii follow a common universal trend
independent of the collision species?

“Universal” scaling of femtoscopic radii
with final state multiplicity is violated by
the pp data.

It shows that any scaling law must take
into account the initial configuration of
the collision.

The difference may be due to the
interactions in the bulk medium formed
in heavy 1on collisions.
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Pions in BES
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- The created system lives longer,
however no sudden jumps in
timescales 1n Riong

- One may significantly underestimate
the actual lifetimes due to use of,
which do not take non-zero flow into
account:

mr K (mT/T)
T 3T
R — g2 fmax g Ofmax
long max mrt coshyr ( 2mTcoshyr

- More results —» Quark Matter 2023




Pions in BES

- Now that the predicted Rout
/Rside energy systematic has
been revealed, 1t deserves
theoretical attention from hydro
and transport modelers. The
magnitude and width of the
structure may allow an estimate
of the latent heat of the QCD
deconfinement transition.

While collective flow complicates
the interpretation, an extended
emission timescale will increase
Rout relative to Rside. A long
emission timescale may arise if
the system equilibrates close to
the deconfinement phase
boundary and then evolves
through a first-order

phase transition in the QCD
phase diagram

F. Retiere and M. A. Lisa, Phys. Rev. C 70,
044907 (2004).

- Both quantities exhibit a clear

peak at ~ 20 GeV, an
Interesting energy where other
observables show nontrivial
trends with energy.

Long-sought peak structure
that may be caused by the
system evolving through a
first-order phase transition
from the QGP to the hadronic

phase.
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Kaons in BES
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Pions in BES: asHBT Uy on

- None of the models predict all observables simultaneously. The UrQMD model, while it matches
the freeze-out shapes well, matches the momentum space observables less well. And the
hydrodynamic models, while they are able to describe the momentum space pr spectra and v2
results, do less well at predicting the eccentricity and trends observed in HBT analyses.

o Sensitive to the equation of state used in the hydrodynamic models.

o Has the potential to resolve ambiguities between models with different initial conditions and values of n/s.
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Space-time asymmetry 1n emission process
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Correlation functions are fitted with different theory

- The obtained source sizes are the biggest in the predictions for strong parameters

case of parametrization with the larger
resonance mass (Achasov)

KOS KOS analysis

o Final state SI significantly affects these correlations due to two
- Obtained source sizes for Antonelli near-thresholdresonances a0(980) and f0(980)
parametrization are consistent among all the
kaon combinations, which favors the
assumptionthat a0(980)resonance could be a

tetraquark

KOS Kz analysis

o Parametrization with a0(980) perfectly represents the signal
regionin the correlation function
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Proton-deutron correlations

- Au+Au Collisions at |s,, = 3 GeV STAR Preliminary
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- Correlation functions with directly produced deuterons from SMASH can

only qualitatively reproduce the overall trends, but over/under estimate the
data depending on the particle pair

- Experimental data are well reproduced by the SMASH plus coalescence
calculations

o Deuterons are likely formed via the nucleon coalescence processes




Proton-hyperons correlations

- Search for a possible bound state of Y-N and Y-Y

- Search of exotic hadronic states such as H-dibaryon (uuddss) | R/ag=-0 3'
R. L Jaffe, PRL 38 (1977), 195 0= R
- Hyperons are expected to appear in the core of neutron stars 3 ‘ 0.3 -------
..[\\ 1 .
- Hyperons softens the EoS, which leads to reduction on N
maximum neutron star mass — |- YN Attractive ]
=3 k A"
- Not consistent with the experimental results -> hyperon puzzle % ) S0 rmid GEvE (< )
- One of the possible solution: EoS stiffness by repulsive two- and 1 b D ST SRR D
three-body hyperonic interactions )y
. . . . ,_,-*"" Bound state rEff/R =0
- Strength of these interactions at high density can not be fully r or repulsive
constrained by the 0 (@ >0) |
present experimental data on YN scattering and hypernuclei 0 05 1 15 2
o A detailed understanding pf the interaction among nucleons Morita, et al.. PRC101 (2020) QR
has been obtained by studies of deuteron properties and
scattering experiments On the contrary, the interaction of Yuki Kamiya SQM (2021)

baryons containing strange quarks, so-called hyperons, is
only barely known

o Opportunity to measure strong interaction potential and
scattering length




Strange correlations

- pA

o Attractive potential between protons andlambdas

o Femtoscopicradius was extracted - 50% lower then the one for regular
BB pairs -> residual correlations in baryon-antibaryon femtoscopic

correlations

- pQ

Phys. Rev. C 89 (2014) 5, 054916

o Scattering length is positive and favor p2 bound state hypothesis

° pE

o Sensitive to system size, more attractive in peripheral collisions (smaller

collision system)

° AA
o Weak attraction, no signal of H-dibaryon
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- Femtoscopy allows one to explore:

o Size of the emission source (one-dimentional, three-dimensional
femtoscopy)

o Lifetime (Rout)
o Emission duration (Riong)

oSystem dynamics (KT, mT, energy dependences, non-identical particle
correlations)

oSource shape (asHBT w.r.t second-order event plane, Levy-analysis)
o Orientation (asHBT w.r.t first-order event plane)

o Interactions (non-traditional femto.)

“ISearch for bound states (non-traditional femto.)

- Powerful tool for the constraint of models

Thank you for the attention!




T 20F = « Finite-size scaling:
= - STAR 0-5% ALICE 0-5% . .. . e .
wd [ e m=026GeV o m=029GeVic ] — At critical point, susceptibilities diverge for
: - = m;=0.33 GeV o my=0.38 GeV/ic . e s .
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L § 0 E 1 — No divergence
\ 'S - kR - . " - T
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S5 FE A » — 1
253 ] — Broadened peaks
5 v [}n E The radius Rggy. 1s primarily associated with the spatial
i extent of the particle-emitting region, whereas R, is also
-5 - affected by dynamics [23,24] and is believed to be related to
2 o al PPN PR the duration of particle emission [63,64].
& ik . = It has long been suggested [50,51,63] that a long particle-
« 1 i "2 $ 3 emission duration could result in R, becoming much larger
e h o 3 : than Rgg.. In the simplest scenario of a static, nonflowing
AR A | B source, the emission time is given by [65]
| 3 |
§ (BATyaic) = Roy — Riges (17)
' P 3
I 3 where 8 = ,% is the speed of one of the pions in the source
} ] rest frame. For a flowing source such as those created at RHIC,
%USTAR, PRC 92 (2015) 014904? however, Eq. (17) is unreliable [22] as the dimensions of the
e R e “1;‘ homogeneity region probed by low-g pion pairs is affected

differently in the out and side directions. Indeed, for some
5 5 5 5 - sources R,y may be smaller than R4 [23], in which case
Raye = Ry + v {At%)p — 20(Dzout Ot )p, v = Y Eq. (17) would yield imaginary emission times.
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Finite-size scaling:

i v 00-05% | — Atcritical point, susceptibilities diverge for
A 05-10% infinite system — delta function
I *  10-20% - . ‘
o 20.30% | Forfinite system:
10 - Iﬁi\ m  30-40% 1 — No divergence
i /4 ¢ 40-50% |  _ peaking at CP and shift of the peak position
¢ 50-60%

— Broadened peaks

The radius Rggy. 1s primarily associated with the spatial
extent of the particle-emitting region, whereas R, is also
affected by dynamics [23,24] and is believed to be related to
the duration of particle emission [63,64].

It has long been suggested [50,51,63] that a long particle-
emission duration could result in R, becoming much larger
than Rgg4.. In the simplest scenario of a static, nonflowing
source, the emission time is given by [65]

-

(BATyaic) = R%, — RZ,.. (17)

where 8 = "% is the speed of one of the pions in the source

0 corvnl vl vl rest frame. For a flowing source such as those created at RHIC,

0.001 0.01 0.1 1 10 however, Eq. (17) is unreliable [22] as the dimensions of the

homogeneity region probed by low-g pion pairs is affected

Sy (TeV) differently in the out and side directions. Indeed, for some

sources R,y may be smaller than R4 [23], in which case
Eq. (17) would yield imaginary emission times.




o o Radial flow & emission duration
Pions 1n BES o
. 115 GeV STAR

7 Ffunl o 7
B @ STAR AuAu @ 200 AGeV
=y - - STAR CuCu @ 200 AGeV
- Rside and Rlong both follow a common universal trend gE | ® #cermezmmoscy You -
independent of the collision species. o -
OCKO ; a) é ik o (k;)=0.3 GeVic
- Regardless of which subset of data is fitted, the heavy- L B
1on radii do not scale in the same way than the pp ones, [ s M—
1in all directions. il =
E [ 7 sErenw —
- “Universal” scaling of femtoscopic radii with final state = 5| =
multiplicity 1s violated by the pp data. o7 | b) - ,*u @

- It shows that any scaling law must take into account the | o

... . . . . ALICE Prelimina
initial configuration of the collision. ——

B ¥V  STARAuAuU @ 62 AGeV [t
= ’»  STAR CuCu @ 62 AGeV e

- The difference may be due to the interactions in the bulk g | % CERESPoAL@17.2AGeV

&
medium formed in heavy ion collisions. o gsj ”‘*.”’ :
o | c) ,\'M e
([
0 l 10
( chh/dTl y1/3
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. 04l I m  E895(-0.6¢y<0.6, 7.4-20.7%) UrQMD
. EOS-I (1deal, massless ot = %  CERES (-1<y<-0.5, 10-25%) (2+1)D hydro EOS-Q
quark gluon gas) and s S AR (a0, 1m0 oD e BOS
EOS-H (hadronic gas) 03[ STAR (0.5¢y<1, 10-30%) o Mool
. MC-KLN and MC-GLB “PE T R ¢ = 01506 Gevie
correspond to different 02— _\\ """"""""""""
1nitial conditions and are o.1s§—
more realistic than the oab L
earlier results as they ook
allow to incorporate -
viscous effects ——
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