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Symmetries of QCD with » quarks

[ =

n . | 1
Z qcz(l}//,{D,u R m)Qa o Lgauge QL,R — 5(1 T Vs)q

a=1

Lisinvariantunder im = 0): g, = U;q;, qr — Ugqg, U € Un)

Global symmetry: U;(n) X Up(n) =|SU;(n) X SUR(n)|X Ugx(1l) X U,(1)

mu,d

Spontaneously broken l Baryon Anomalously

number Broken
SU/(n)

I'> T, (m = 0): (which?) symmetry restoration < order (universality)

m #* 0: explicit symmetry breaking
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Between Ni=2 to Ni=3: ms as an interpolator

At ‘some’ point

Nf =3 n.:poils 2nd order m. Nf —
0 OO
Ny =2
Ny =3 .
0 OO
Nf — 2
N =3 .

0 OO
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m, # 0, possible scenarios

Physical point ?
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m, # 0, possible scenarios

Or here ?
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Magnetic Equation of State

M = h'° f(t/h'"P?) + reg. non-univ. terms
M=yy,h=m,t=T-1,

) ) oM
. Suppress non-universal terms: M = (yy) — (Wy); = M — h——

oh

« Linear in & contributions are absent in (),

 Mainly: O(4) universality class, other possible scenarios: Z> scaling, mean field

» Byproduct: estimation of T, = T .(m, — 0)
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Novel order parameter

» Chiral condensate ()
» Chiral susceptibility y = d{wy)/om

» Novel order parameter: (Yy); = () — my

 ~m3 (symmetric phase)
. 1/a? divergences cancel

o (Wy)y ~ 1777 vs (Py) ~tTast - o
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Scaling of T¢ with pion mass
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A couple of words about parameters

, Nf = 2 4+ 1 + 1 twisted mass Wilson fermions at maximal twist

m, [MeV] a [fm]

» Fixed scale approach: a = fixed, 1'<> N,
139.7(3) | 0.0801(4)

. Based on ETMC T=0 parameters 225(5) | 0.0619(18)

[C. Alexandrou et al., 2018]

383(11) | 0.0619(18)

376(14) | 0.0815(30)




Critical temperature and the chiral limit

o I'(m, = 139 MeV) | T(m_ = 0)
¥ Ta, [MeV] [MeV]
2001 W T, .
LT =
® HotQCD ' B
—130] & w7, / (py) | 157.8(12) | 138(2)
$ Y WB,Ta |
= % FASTSUM, T -
/ p 153(3) | 132(4)
140 - / k
| . . . . . (Wy)s 146(2) 132(3)
0 100 200 300 400 500
m, |MeV]

_ 2185
T, = T(0) + kjn; T, = 13478 MeV



Simple estimation of To from EOS

iv)2ﬂ5[><106ih4e\ﬂﬂ

m
Me

s /(5

@ m, =139 MeV
YV m, =225 MeV
A m, =383 MeV

= =

120 140 160 180
T MeV

200 220 240

Prediction of EoS:

(Wy)s  (wy);

~ — const
m 1/6 m%/é

at

I'=Tym,=0) = 138(2) MeV

12



O(4) vs mean field

L gl N 4

m, = 139 MeV,
m, = 225 MeV,
m, = 383 MeV,

120 : 250] MeV
120 : 235] MeV
150 : 270] MeV

Mild tension between
data and MF for

m, =139 MeV

m, [MeV] | To [MeV]
139 142(2)
225 159(3)
383 174(2)

120

140

160

130

200 220
T, MeV

240 260
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Z> vs O(4) scaling

220 1>

200 -

1401

0 100 200 300 400 500

m, [MeV]

Ty = T.(m, — 0) = 134*% MeV

O(4) scaling:
Observable | 7Ty [MeV|] Zp/ 2y, Zp/ 2oy, O4) | Zp O(4)
Y 132(4) | 1.24(17) | 2.45(4) 1.35(3)
(W) 138(2) 1.15(24) 1.35(7) 0.74(4)
()3 132(3) 1 1 0.55(1)
Z> scaling:
m_ = 100 MeV is still ok
m_ = 0 MeV is indistinguishable from O(4)

14



Large temperature behaviour

7 @ m, =139 MeV « O4): <l/_jl/j>3 ~ t_7_2ﬁ5
v A » Griffith analyticity:
\A

\ A m, =383 MeV - 3 6
£l Py o~
c \\ e T ~ 300 MeV

n

» X

101 -

10_1 1 | | | |
200 300 400 500 600 700

T MeV
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Thresholds in QGP

T ~ 300 MeV

e Onset of DIGA behaviour

A 210 MeV
V 140 MeV

 Monopole condensation [Cardinali, D’Elia, Pasqui, 2021]

e Spectrum of Dirac operator [Alexandru, Horvath, 2019]

* Chiral-spin symmetry [Glozman, 2020, ...]

300

T [MeV]

500
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Sketch of possible phase diagram

| YM

T

Taco ’/,/////////////////
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Scaling window

300-

A TC [Mev] ..........

A N .\\ ..................

0(9% “ e

ml eéoé “\\ ‘o"" ’ t

N\ . . Meanfield
% ~~Scaling window O4
in " A
g s

dow @

FRG: Tiny scaling window (m_, < 1MeV) ?
[Talk by J. Pawlowski]

- - - >
0 140 220 380  my [MeV]
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T, [MeV]

Conclusions N
e« (Wy); = (W) — my is useful to study scaling n}ggi .

. Ty = 134" MeV  in the chiral limit A

+ O(4) scaling form_ S 140 MeV, T € [120, 300] MeV o -

e /o scaling cannot be excluded

o T ~ 300 MeV: threshold(s) in QGP
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