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Thermal QCD phase transition

N; =2 + 1 stout smeared staggered fermions, 1, = mftphys), N, =4,6
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Chiral fermions on the lattice

Way to avoid Nielsen-Ninomiya «no-go» theorem

» Continuum chiral symmetry: ysD + Dys = 0

» Ginsparg-Wilson relation: ysD + Dys = 2aDysD

1
. Overlap fermions: aD, = 5 (1 + }/SSign(ySDw(—mw)))

e Very expensive numerically: require multiple tricks

[H.Neuberger, 1998]



Action detalls

 Symanzik improved gauge action

 Fermion sector: 2 steps of HEX smeared gauge fields

.« Ny = 2 + 1 flavours of overlap quarks, physical masses

o 2 flavours of Wilson fermions with mass —my, ] * a— (0 :irrelevant

J ¢ Keep O = const (O = 0)

» Two boson fields with mass mgza = 0.54 . Make calculations faster

« Statistics: O(2000 — 9000) [H. Fukaya et al., 2006]



Implementing odd number of flavours

Exploiting O = const

Monte Carlo: determinant of a hermitian operator H* = D_ D' :

To simulate ]\Cf = ] (strange quark): need to take the square root

I £y

S H: = P_.H*P,

Chirality projectors: P, =

Fixed topology ) = const:
det H> ~ det H}L det H> ~ (det Hj%)2 ~ (det H?)?

Take det HJZr or det H?

Ny =2
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Lattice detalls, scale setting

Scale setting from simulations with large m_
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0.00 ] ] ] ] ] ] ]
3./ 38 39 40 41 42 43 44 45

o Scale setting: require 7" = 0 simulations :

. Ny = 3 staggered simulations, 7" = 0, w(§3) = 0.153(1) fm, mj(f) =712(5) MeV

o« Ny = 3 overlap simulations, 7" = (0, at each ff tune m." to have m_w, = mf)w(?)

« Ny =72+ 1 overlap simulations, 7" # 0: m; = m.", m,,=Rm}, a= w(§3)/w(§”

 Physical point: m,,;, = mbgzhys), m, = ms(phys)

[Sz. Borsanyi et al., 2016]



Chiral condensate

e M =72 (ms(l/_/l//>l — ml('/_ﬂ//>s)

» |arge cutoff effect and FV effects

. T,, = 163(6) MeV
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Overlap fermions
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Chiral susceptibility

Yy = mo, M

Xm % (wg)*
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Eigenvalue spectrum
D! (m = 0)D,(m = 0)|¢;) = 17| e)

le7 T = 145 [MeV], Ng/N; = 3
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Eigenvalue SpQCtrum p(A — 0) disappears at T~ 160 — 165 MeV
D, (m = 0)Do(m = 0) | &) = 17 | e;)

le7 T =140 [MeV]
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Renormalised condensate from Dirac spectrum
D! (m = 0)D,(m =0)|e;) = 17| e;}
m ml

Adp(R)———

. ('/71//>ren = (continuum expression)

* No logarithmic divergence

Overlap fermions
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Critical temperature, other fermions

Overlap fermions

TWEXT, 2021]

T'A, Wilson tm

T, Wilson tm

1o, Wilson tm
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Summary

 Thermal QCD phase transition with overlap fermions

e Spectrum of the Dirac operator: consistent with the same picture

le7 T = 140 [MeV]
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Summary

Thank you for your attention!

 Thermal QCD phase transition with overlap fermions

. T,,, = 163(6) MeV

e Spectrum of the Dirac operator: consistent with the same picture

le7 T = 140 [MeV]
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