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A new order parameter, and the scaling window of the QCD transition

Issues: 

— Nature of the phase transition for Nf = 2 (+1) 
— Critical temperature in the chiral limit and physical strange mass 
— Threshold between sQGP and perturbative QGP?  
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Topology, symmetries and spectrum
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With m = 0, invariant under
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Global symmetry:

U(n)L⇥U(n)R ⇠= SU(n)⇥ SU(n)⇥U(1)V⇥U(1)A
.
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Symmetries of QCD

Experimental Evidence 



Nf =?
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T=0, no difference, just different #Goldstones



Switching on temperature - Scenario 1

?



Switching on temperature - Scenario 2

1st order 

?



Switching on temperature - Scenario 3

?

Cuteri, Philipsen, Sciarra 

2nd



mu,d = 0
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Nf = 3

Strange mass as interpolator between Nf=3 and Nf=2
At ‘some’ point
ms  spoils 2nd order 



Switching  on the light mass: a possible Scenario 1 

Maria Paola Lombardo
Shrinking of the scaling window with decreasing ms precursor effect of Nf=3 first order? 



Mean field

Physical point : mu, md, ms 

Temperature

Insensitive to critical behaviour

Where is the scaling window in QCD in mass and T?



The magnetic equation of State: 

Three strategies to identify the scaling behaviour:

Significant source of scaling violations:

additive linear  mass corrections to  ̄ 
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Byproduct: critical temperature in the chiral limit



A ‘new’ order parameter 

’Beating’ the regular terms/additive renormalization  
for more stringent universality checks

Transverse and longitudinal susceptibilities

Kocic, Kogut, MpL; 
Karsch, Laermann

⌘ m(�T � �L)

also mentioned in the PhD thesis by Wolfgang Unger  



J.Engels and F.Karsch, Phys. Rev. D 85, (2012) 

(parametrization in:

- linear terms in m drop in 

Use: 

To get EoS for 

R

Equation of State for 
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Asymptotic behavior - high T expansion

again, linear term 
drops in OR: 
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Results



Fixed scale approach -  Temperature range 

Observables: 

Twisted mass - Maximal twist

Setup

Nf = 2 +1 + 1, mphys
⇡ < m⇡ < 470 MeV

[light mesons’ screening masses,,    ]

130 MeV< T < 500 MeV

⌘0
Chiral condensate and  Susceptibility, 

  

a = 0.06� 0.09 fm

Statistics for physical  
pion mass

Heavier masses: Burger, Ilgenfritz, MpL, Trunin Phys.Rev.D 98 (2018) 9, 094501



Bare �3
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Scaling at the critical point: searching for <  ̄ >3 (T = T0) = Am2/�
⇡
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O(4) or mean field?

Searching for the scaling window in mass

Unrealistic T0 from O4 at high mass

TEOS = 142(2),159(3), 174(2) MeV
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Scaling of the pseudo critical temperatures

Check O4: 

O4 vs Z2

mc = 100 MeV still OK

mc = 0 still OK, indistinguishable from O4Consistent (not a proof) with O4

Robust extrapolation: 
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Comparisons: pseudo critical temperatures, and chiral extrapolation 



T < 300 MeV
6

T > 300 MeV

Searching for the scaling window in temperature

‘Forgotten’ critical behaviour..‘Forgotten’ microscopic dynamics 
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A sketch of the scaling window for physics strange mass



Beyond the scaling window: a threshold in the QGP? 

A few lattice studies  
indicate a possible fast crossover at a  
temperature of about TYM : 

See talk by L. Glozman 

Around the same temperature we observe the limit of the scaling window 

Further, we observe a change of behaviour in the topological susceptibility
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Results for physical pion mass 
from rescaling 

F. Burger, E.-M. Ilgenfritz,MpL, A. Trunin, PRD2018

New Lat2021 w A.Yu. Kotov



�0.25(T ) = aT�d(T )

d(T ) = �T d
dT ln�0.25(T ) Possibly consistent 

with instant -dyon? 
Shuryak 2017

Faster decrease before DIGA sets in

Power-law decay?

For instanton gas 
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Horvatic et al (2020)

Di Vecchia, Rossi, Veneziano,Yankielowicz
Gomez-Nicola, ..

Is chiral symmetry 
driving axial symmetry?

A natural role for Yang-Mills dynamics??
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TQCD

TYM

Resilient YM topology producing threshold in full QCD?

…a speculation… 



Summary

Consistency with 3D O4 scaling at lower masses, and T < 300 MeV - 
Apparent O4 scaling at larger masses ruled out by EoS analysis. 
Analysis helped by new order parameter

Three different methods to measure critical temperature in the chiral limit 
-Conformal scaling 
-From EoS analysy 
-From the scaling of pseudo critical temperatures  
Consistent results for T0

Upper limit of the scaling window in temperature is close to the observed  
threshold in the QCD. The same threshold is visible in results for the  
topological susceptibility. 


