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Various application of hydrodynamics

" Fluid dynamics: flow of liquid and gases

= Examples:
o Calculating forces and moments in aircrafts
o Weather forecast
o Describing nebulae
o Inner structure of stars (magnetohydrodynamics)

Heavy-ion collision: in the
overlap area, the sQGP is created

o Modelling fission weapon detonation
o Describing the Quark Gluon Plazma (QGP)

= Different systems in many aspects: however, hydro works well in all cases

= Why is hydrodynamics so effective?
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Scaling behaviour

= |deal gas: isothermal process =2 constant value of T constrains the possible states

= p and V are arbitrary, but their product is not:
pV = NkgT = konstans

= In this case the system scales with the temperature:
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pV = NkpT = konstans

= In this case the system scales with the temperature:

= For adiabatic expansions:

v
% — Nk = konstans

= Applicable to any N, the system scales with the particle number

" |t is also a general feature of hydro:
,,Hydrodynamics has no internal scale”
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Analogy in heavy-ion physics?
. . This is the topic of this presentation!
Scaling behaviour pieorthis g

= |deal gas: isothermal process =2 constant value of T constrains the possible states

= p and V are arbitrary, but their product is not:
pV = NkpT = konstans

= In this case the system scales with the temperature:

= For adiabatic expansions:

v
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= Applicable to any N, the system scales with the particle number

" |t is also a general feature of hydro:
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Csorgd-Kasza-Csanad-Jiang solution

= Rindler coordinates, velocity field: (T,72) = (\/t2 -7z, %ln [t i TD , u" = (cosh (2) ,sinh (2))

t—r.
= 1+1 dimensional, parametric, almost self-similar solution: Csorg6 T., Kasza G., Csanad M., Jiang Z.:
arXiv:1805.01427, arXiv:1806.06794
n(H) = Q(H) - H, 10 ¢ 1
A K— A :
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Scaling behaviour in high-energy physics

= dN/dy is obtained from the CKCJ solution (in self-similar approximation):

Physical parameters:

1, 1 m (x 1 : i
—ta(x,A)—1 Y B a(x,A) Y B A: acceleration parameter
cosh (ﬂ’(l, A) =P Toft cosh a(1,A) . k: inverse square of c,

T4 effective temperature
= If |y| << 2+(A-1), Gaussian rapidity-density: m: particle mass

AN (N) 2 1 2[ ( 1)(1 m)]
— = exp | — = A-1)2]14+(1-=)(=
dy (27ra2y) h ( 2A%y ) TNy R A

Csorg6, Kasza, Csanad,
= Depends on the combination of the physical parameters through the width (Ay) Jiang solution:
arXiv:1805.01427

dN _dN
dy — dy

y=0

=A m, Tgfzi and K can be arbitrary, but their combination is not: Ay is determined by fits

and several

= Physical differences are only apparent in the width of the distribution applications:
arXiv:1806.06794

arXiv:1811.09990
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Scaling behaviour in high-energy physics

= The pseudorapity distribution is the product of dN/dy and the Jakobian:

dN N cosh(n,) 2
~ (N) p 5 exp ( Yy
y=y(ip)

dipp (ZNAzy)l/z (D? + cosh? (7)) B 2A%y

" The rapidity density is depressed at midrapidity by \/ﬁ

500 CMS Xe+Xe at 5.44 TeV, 0-80% centrality
m
400 ¢ 1 D =—
Pt

>
B
% 300 - cL=31.99% CKCJ solution:
- 2 . o M V24 124
2 X“Indf=32129 aniv:1805.01427 ,Depression” or ,Depth” parameter
T 200" (N)=4056 52 arXiv:1811.09990
= _n e *0.07
© Ay 3'451600-26 Systematic error
. D=0.81""; & dNidy -data
100 -0.02 g
—dN:‘dr;:-CKCJ it K. G., Csorgo T.:
= dN/dy - CKCJ prediction .
T i arXiv:1811.09990
-3 -2 -1 0 1 2 3

arXiv:1910.03428

Ny ¥
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:

arXiv:1811.09990
= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

= We fitted the pseudorapidity density data with the CKCJ solution ...

250 PHOBOS Au+Au at 20 GeV, 0-30% centrality
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?
arXiv:1811.09990
arXiv:1910.03428

K.G., Csorgb T.:

= We fitted the pseudorapidity density data with the CKCJ solution ...

350 PHOBOS Au+Au at 63 GeV, 0-30% centrality
PHOBOS Au+Au at 20 GeV o o
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= z
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Fitted range: y_ € [-2.5, 2.5] 0 ' : : !
‘ L . . ) 25 -2 15 -1 -05 0 0.5 1 1.5 2 25

0
26 -2 15 -1 05

o

Gabor Kasza, Day of Femtoscopy, 31/10/2019 7


https://arxiv.org/abs/1910.03428
https://arxiv.org/abs/1811.09990

Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:
arXiv:1811.09990
= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428

PHOBOS Au+Au at 130 GeV, 0-30% centrality
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:
arXiv:1811.09990
= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428

PHOBOS Au+Au at 200 GeV, 0-30% centrality
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

= We fitted the pseudorapidity density data with the CKCJ solution ...

ALICE Pb+Pb at 5 TeV, 0-5% centrality
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

= We fitted the pseudorapidity density data with the CKCJ solution ...

ALICE Pb+Pb at 5 TeV, 30-40% centrality
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

ALICE Pb+Pb at 5 TeV, 70-80% centrality

= We fitted the pseudorapidity density data with the CKCJ solution ...
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:
arXiv:1811.09990

= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428
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= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:
arXiv:1811.09990

= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:

arXiv:1811.09990
= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428
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Scaling behaviour in high-energy physics

= Main question: Does this scaling behaviour appear in the data?

K.G., Csorgb T.:

arXiv:1811.09990
= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428

= The collisions of small systems (p+p) and heavy-ions (Au+Au, Pb+Pb) are well described by us

= Scaling behaviour is evident: hydro works well independently on the system size ...
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Scaling behaviour in high-energy physics

K.G., Csorgb T.:

= Main question: Does this scaling behaviour appear in the data?
arXiv:1811.09990

= We fitted the pseudorapidity density data with the CKCJ solution ... arXiv:1910.03428

= The collisions of small systems (p+p) and heavy-ions (Au+Au, Pb+Pb) are well described by us

= Scaling behaviour is evident: hydro works well independently on the system size ...

XeXe |5, =5.44 TeV

500 CMS Xe+Xe at 5.44 TeV, 0-80% centrality 700:

600 Our self-similar hydrodynamic
4007 ‘ B s i, e calculations are succesful in such
300 cLost oo KOS sottton e e, e cases where other models fail.
o ,\2fndf=32.'29 arXiv:1805.01427 ;5 E /' < - - ' = '\

200 (N)=405657 arXiv:1811.09990 | 300? o \ CMS collab.: arXiv:1902.03603

dN/d7_, dN/dy

Ay=3.451007 ‘ E ANl . . . - )
ol o 31*0%235 . jmerazzgw 2005 [ o P Werner, Liu, Pierog: arXiv:hep-ph/0506232
F . o~ . o — Epos LHC . .
—— ANy, - CKCJ i 1001 = Bymeris Pierog, Karpenko, et all.: arXiv:1306.0121
= dN/dy - CKCJ prediction C — AMPT . L. )
0L . : x . K . it Lokhtin, Snigirev: arXiv:hep-ph/0506189
_3 _2 _1 0 1 2 3 —3 —2 —1 0 1 2 3 .
_ Lin, Ko, et all.: arXiv:nucl-th/0411110
pl
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In conclusion...

= p+p collisions can be described as collective systems

= Our fits indicate low c, value (=0.35), but it can be determined only by violating the scaling behaviour
= Low c, value indicate the presence of fluid, so the presence of QGP

= p+p and A+A collisions: self-similar systems
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In conclusion...

= p+p collisions can be described as collective systems

= QOur fits indicate low c, value (=0.35), but it can be determined only by violating the scaling behaviour
= Low c, value indicate the presence of fluid, so the presence of QGP

= p+p and A+A collisions: self-similar systems

Is the hydrodynamic description well-accepted? The geometry of a

quark-gluon plasma

* A+A collisions: become a major trend since 2005
 p+A, d+A and He+A collisions: accepted since 2019

-

&
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In conclusion...

= p+p collisions can be described as collective systems

= Our fits indicate low c, value (=0.35), but it can be determined only by violating the scaling behaviour
= Low c, value indicate the presence of fluid, so the presence of QGP
.  LSIMATION OF HYDIODYNAMICAL NODEL PARAMETERS HION

p+p and A+A collisions: self-similar systems |

Is the hydrodynamic description well-accepted?

* A+A collisions: become a major trend since 2005
* p+A, d+A and He+A collisions: accepted since 2019
e p+p collisions: not widely accepted yet

* However, describing H+H systems by hydro is not a recent ide:
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Abstract: The invariant spectra of 7= mesons produced in (7+/K*)p interactions at 250 GeV /e are
analysed In the framework of the hydrodynamical model of three-dimensionally expanding cylindrically
symmetric finite systems. A satisfactory description of experimental data is achieved. The data favour
the pattern according to which the hadron matter undergoes predominantly longitudinal expansion
and non-relativistic transverse expansion with mean transverse velocity (u,) = 0.20 £ 007, and is
characterized by a large temperature inhomogeneity in the transverse direction: the extracted freeze-
out temperature at the center of the tube and at the transverse rms radius are 140 +3 MeV and 82+7
MeV, respectively. The width of the (longitudinal) space-time rapidity distribution of the pion source
is found to be A = 1.36+0.02. Combining this estimate with results of the Bose-Einstein correlation
analysis in the same experiment, one extracts a mean freeze-out time of the source of {rf) = 1.4+0.1
fm/c and its transverse geometrical rms radius, Rg(rms) = 1.2 £0.2 fm.




We hope that these results help to confirm the
legitimacy of hydro in p+p collisions!

In conclusion...

= p+p collisions can be described as collective systems

= Our fits indicate low c, value (=0.35), but it can be determined only by violating the scaling behaviour
= Low c, value indicate the presence of fluid, so the presence of QGP

= p+p and A+A collisions: self-similar systems

Is the hydrodynamic description well-accepted?

* A+A collisions: become a major trend since 2005

* p+A, d+A and He+A collisions: accepted since 2019

e p+p collisions: not widely accepted yet

 However, describing H+H systems by hydro is not a recent idea
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