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Chemical freezeout (T, < T,): inelastic scattering ceases
Kinetic freeze-out (T, < T,): elastic scattering ceases




Flow:

We have to quatify
this
phenomenon




Definitions. Non-central Collisions (b>0 )
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Modern analysis:
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Directed flow:




Distributions
Rapidity dependence
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Motivation:
connection to
Equation of State




F. Retiere, .
QM2004 Flow (in the transverse plane)

o A mid-peripheral collision

Reaction:
plane

Dashed lines: hard
sphere radii of nuclei

Re-interactions = FLOW
Re-interactions among what? Hadrons, partons or both?
In other words, what equation of state?



DISAPPEARANCE OF DIRECTED FLOW
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V1 OF NUCLEONS AND FRAGMENTS AT LOWER ENERGIES
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Wiggle structure: The effect is more
pronounced in peripheral and light-ion
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plained by the softening of the EOS
because of the formation of strings



Directed flow
at FAIR and NICA




Beam energy scan results for v, (STAR)

S. Singha et al. (STAR Collab.), PoS CPOD2017 (2018) 004
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Figure 1: (Color online) Rapidity dependence of directed flow (v;) for A, A, K. K_.fﬂ K~ and ¢ in 10-40%
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Directed tlow of protons in light and heavy systems
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Directed flow of pions in light and heavy systems
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Directed flow in HI collisions at FAIR/NICA energies

v1 for protons in S+ collisions, 0-10% centrality, Vs =11.6,7.7, 3.5 GeV
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Time development of directed flow
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Time development of directed flow

Protons, Au+Au, Ys=11.6, b=6 Pions, Au+Au, Ys=11.6, b=6
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Influence of resonances on the development of V,

Protons, Au+Au, Vs=11.6, b=6, no resonance decays Pions, Au+Au, Ys=11.6, b=6, no resonance decays
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(for comparison): Time development of elliptic flow

I_ 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I_L 1 1 1 1 I - 1 1 I 1 1 1 1 I 1 1 1 T I 1 1 1 I_
| p A4 /H -*_H"'“h..__i__ JT |
0.04— f\ T = T
B | e J——— | —~ i
— -.r':-—-- - -i—I__'__*_i— e — + -'"'.- -
0.02— || 7 + [ /7 ]
. | P — -+ || / _
D_ || - T L_.-"f n
B ‘r\j 4 I| i
0.0 —+— v2max(y = 0) for final time 1 | _
— —— v2max(y = Q) for freezout time ,l u
B —— v2max(y = 0) for timeslices Tt JI i
-0.04— T\ —
UE m 1 | PR | PR | 1 PR 1 | III. [ | | L1 | | L
E 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 IEE 1 1 I I 1 1 I I |E
0.05F- K =+ =
5 5 A+ 2 5
e Ed E
0.03F e =+ =
0.02 = _ - =+ =
- - T .
00 / ES E
G: | / T ]
00 = =
I | N T S S = | | N T B
—0.025 5 10 15t fm/c 20 0 5 10 15 t, fmic 20

- V, of both mesons and baryons at midrapidity is formed after 10 fm/c



Directed flow of nucleons. 3-fluid hydro
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Directed flow of nucleons. 3-fluid hydro
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Directed flow of hadrons in 3-fluid hydro THESEUS
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Figure 5. Two upper rows:
Directed flow (vy) of protons
(full symbols) and pions
(open symbols) for central
(b = 2 fm), semicentral

(b = 6 fm) and peripheral
(b= 11 fm) Au+Au
collisions at £ = 8 A GeV.
The upper row is for the
2-phase EoS while the lower
row shows results for the
crossover EoS. Incach panel
we show the direct
companison of THESEUS
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Remarkable is the effect of
turning pion flow to antiflow
due to hadronic rescattering
in the dense baryonic
medium.



Directed flow of hadrons in 3-fluid hydro THESEUS
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Directed flow
and freeze-out




Sequential freeze-out of hadrons at NICA energies
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& There is no sharp freeze-out for different hadrons
& The order of freeze-out is as follows: mesons (kaons and pions), nucleons and lambdas




Freeze-out of hadrons at NICA energies
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Freeze-out of hadrons at NICA energies

Au+Au @ 7.7 GeV ; b =0 fm
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CONCLUSIONS

€ Directed flow = Normal Flow — Antiflow

Normal Flow = Antiflow (except of the midrapidity range)

@ The softening of the flow can be misinterpreted as the softening
of EOS due to formation of the QGP, but:

QGP = the effect is stronger for semi-central collisions

Cascade =» the effect is stronger for semi-peripheral and

peripheral ones

€ At energies about few GeV: normal directed flow of protons at
midrapidity in central collisions and antitflow in peripheral ones.
Mesons — antiflow for all centralities.

@ The directed flow of high-P.. is elongated in normal direction

€ Development of both directed and elliptic flow of hadrons at
midrapidity in transport models takes about 6-8 fm/c (or longer)

@ Collective phenomena, such as anisotropic flow, should be
studied together with the freeze-out conditions
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Applicability of different models
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