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Taylor: merging of lattice QCD results and critical behavior
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Part 2: Lattice EoS: Alternative Expansion Scheme
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Alternative Expansion scheme
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Alternative Expansion scheme

Comparing Taylor expansion and Alternative expansion
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Part 3: 3D-Ising: Introducing Critical Point



EoS with a Critical point
Strategy
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Contribution
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EoS * gtoQ Lattice

Scale 3D-Ising Model EoS

Close to the critical point, we define a parametrization for Magnetization M, Magnetic field h, and reduced temperature

QCD Critical pointis in the 3D-Ising model Universality class . — I — TC
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~ a=0.11 /i — External magnetic field
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— a Y ~ .
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PB"(R, 0) = hyM,R>™" [eh(e) _ g(@)]
[ Parotto et al PhysRevC.101.034901(2020)]

[Nonaka et al Physical Review C, 71(4), 044904.(2005)] 80) =cy+c(1-06 2) +c(1 -0 2)2 + (1 = 92)3
[Guida et al Nuclear Physics B, 489(3), 626-652.(1997)] 9/21 it(@) = (0 + a0’ + b(95)
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Introducing Critical Point
3D Ising to QCD Mapping
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Introducing Critical Point
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Part 4: Merging Ising with Lattice
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Baryon density results
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Baryon density results
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Baryon density results
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Baryon density results
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Baryon density results
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Baryon Density at a constant //; for w=1to w=10

Estimating the Critical contribution
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% HB = 700 [MEV]
B~
0.5
0.0 | ‘ ‘ =
100 200 300 400
T [MeV]
w =2
I ‘ = ug=0 [MeV]

1.5

1.0

nfull ( T! ”B)
T3

0.5

0.0

= pg=100 [MeV]
= = 200 [MeV]
= pg = 300 [MeV]
= pg = 400 [MeV]
= pg =500 [MeV] -
== pg = 600 [MeV]
pg = 700 [MeV]

100 200
T [MeV]

300 400

n"" (T, ppg)

nfull ( T! IJB)
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w=1
== ig=0 [MeV]

= pg=100 [MeV]

1.5 == pg=200 [MeV]

= g =300 [MeV] |

= g =400 [MeV] -

= g =500 [MeV]

1.0 = pg = 600 [MeV]

pg = 700 [MeV]

0.5
0.0 J . J =
100 200 300 400
T [MeV]
w=23
‘ | = =0 [MeV]
1.5 = pp=100 [MeV] |
== up= 200 [MeV]
= pg =300 [MeV]
== ug =400 [MeV]
1.0 == g =500 [MeV]
= g =600 [MeV]
pg = 700 [MeV]
0.5
0.0 1 J . =
100 200 300 400
T [MeV]




Thermodynamic Relations

P(T,ug)  P(T,0) .\ o . ng(T, fip) s(T,pg) 1 ( oP )
T4 T4 N Y 3 13\ or
G(T, //tB) B \) P Hp Ty X1, ) T @(nB/TB)

R R e r O
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Thermodynamic Observables

Baryon Density

: K [MeV] @  Critical Point
T [MeV] 100 00

0 ,MBC=500MeVW=20,p=2&a12=90
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Thermodynamic Observables

Baryon Density Pressure

: 1.5
ng®™ (T, up)

1.0
0.5

0.0 .

us[MeV] e  Critical Point

T[MeV] oo 200

0 ,MBC=500MeVW=20,p=2&a12=90
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Thermodynamic Observables

Baryon Density Pressure

us[MeV] e  Critical Point

T[MeV] oo 200

0 ,MBC=5()OMeVW=20,p=2&a12=90

15
10 s (7, pg)
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Thermodynamic Observables

Baryon Density Pressure

ng®" (T, ug)

A vs[MeV] @  Critical Point
T [MeV] 100 0 0

0 Hpe =00 MeViw =20, p=2 & @, =9 g von number Susceptibility

15
10 s (7, pg)
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Summary

T )

=alyOn HESity [Tom 1-EXpansion Schcime

15 |
: o 1.5/ | — pg=0MeV
| | ug =100 MeV
- sy 10l : ug = 200 MeV
Y - . ~ 11g = 300 MeV
" | e . * =300 MeV . — pg =400 MeV
0.5 ;o T~ T | * pg=400 MeV — g = 500 MeV
| idd = - = g = 500 MeV — pp =600 MeV
o.o-wf"-ﬁ?;? .......... . . | pp = 700 MeV
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
T [MeV] T [MeV]

Disclaimer! : We don’t predict the location of the critical point

o We provide a family of EoS with a 3D Ising critical pointupto u; = 700 MeV and match

lattice at low /5.

@ Our EoS allows users to change parameters and use it as input in hydrodynamical simulations.
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Outlook

Constrains on the Parameter space

I' -1, .
T, =— W hsin 0y,
2 2
Hp — Hpc

Tg =W(—I’,0—hcos 0{12)

. " ) ((3s> - 0 T ) (6713) PP 0
y or) | s/ | \ %%z )|,

® Causality 0 < cX(T,pup) < 1

[ Floerchinger, S. et al PhysRevC. 92(6), 064906.(2015)]
[ Mroczek, D.. et al PhysRevC. 107(5), 054911.(2023)]

Still under investigation
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Thank you !






Parametrize Lattice data

a0 + alx + a2x? + a3x> + adx* + a5x°

B —hy/x'—hy/x*? / B
KB (T) = e M¥=h" £ (1 4+ tanh(fx' + f5)) B (T) =
2olattice »lartice b0 + blx + b2x2 + b3x3 + bdx* + b5x5
W T
154 * =200
015 =
0.30E 3 -~ =— |-HRG
0.25
| ; - — Parametrization
0.20 ] 0.10
L‘.& Y — I-HRG « = -« Lattice
€ i I
0.10 | — Parametrization | . -
e 0.05
0.05 - Lattice |
p0 e« - . . @ |
0 200 400 600 800 -
T [MeV] 100 200 300 400
T [MeV]

We merge ¥, juumice(1') and k(1) with IHRG, however, We also need to merge all the thermodynamic after introducing the critical point



)(f;(Ta ///t\B)

Taylor Expansion of

Va\

X{;th B :[l’zB B ﬂ% B
1B

See how it works with Taylor Expansion!

0.7 F
0.6
0.5
0.4
0.3
0.2
0.1

0
120 140 160 180 200 220 240 120 140 160 180 200 220 240 120 140 160 180 200 220 240
T [MeV] T [MeV] T [MeV]

’ full ug/T =3

T %4 /ug(T)
B
T %4 /ug(T)

Fluctuations in baryon number and strangeness

Xf BS ﬂQB BS ﬂ% BS
o~ (T,iig) = X1 (T50)+ = xat (T, 0)+ 50 x50 (T50)+
UB

Borsanyi, S et al PRL. 108(1), 101.034901(2021)]



Ising Pressure

] | |

3D-Ising coordinates

Parameters

w =10, p = 0.5, pg- =350 MeV, T, = 158 [MeV]

_ -
T |1+ 28 ) | =
TC

| Plsing
| —15.80

|
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-12.64
-11.06
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4.74
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1.58

400

400/

300

T/(T,5) [MeV]
N
S

100|

\

0 100 200 300 400 500 600 700

Mg [MeV]

QCD coordinates
4

100
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\ | =023
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0.08
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200 300 400
, Hg [MeV]
T’ -coordinates

500
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c . . . . L . . . . L . . . . I . .

Plsing
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0.0228




SFUN(T, ug)

PFUN(T, ug)
4

15

Thermodynamic observables Is

Pressure

= ug =0 MeV

= g =200 MeV
= pgc= 350 MeV
= ug =500 MeV
= pg = 600 MeV
= pg = 700 MeV

0 100 200 300
T [MeV]

Entropy Density

400

10

= ug =0 MeV

- / = pg =200 MeV
- = pgc= 350 MeV
s .......-" .....:.-" ;.._,.-' - 500 MeV

= ug =600 MeV
= ug =700 MeV

200 300

400

ng ™ (T, ug)
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Baryon Density

ing-ARREXS

€M (T, up)
T3
T

o ilg =0 MeV

- Mg = 200 MeV
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100 200 300 400
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Energy Density
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100 200 300 400

T [MeV]



Mapping in BEST EoS

h

M>0

Ic

=w( rpsina; + hsina, )

Crossover

-------- > U — Hpc

I e

First order

=w( —rpcosa, — hcosa, )

q

Ferromagnetic Paramagnetic




