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Lattice setup

o Nf = 2 + 1 overlap quarks, physical masses: m_ = m};’hys

» Two Wilson fermions, mya = — 1.3 (kernel of Dg,) ] e a — 0 :irrelevant

» Two boson fields with mass mgza = 0.54
» N,=3,10
» Aspect ratios: N/N, = 3,4,5

* Everything is preliminary!

} o Keep O = const (O = 0)

e Make calculations faster

[Fukaya et al., 2006]

O = const: important for N, = 2+ 1 quarks



Topological susceptibility from simulations at fixed O
Correlator method

1
lim (g(2)q(0)) = (QZ/V x) + OV + O(e™™%)

|z| —>large
q(2): topological charge density

[Aoki, Fukaya, Hashimoto, Onogi, 2007]
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Topological susceptibility from simulations at fixed O
Correlator method

* Jopological charge density:

4(@) = treg (75Dou(2, 2))

» 1r, 4Is estimated stochastically
with 32-1024 random sources

L CW = ) (q(0)q(xg x,. x5, xL))

 Fit function:

C(x) = a + bcosh(m(x — 0.5))



Topological susceptibility from simulations at fixed O

lator meth
Correlator method T= 135MeV NJ/N,=4 N,=8

* Topological charge density: 125 l %.
O
q(z) = —tr. (VsDOV(Za Z)) 10 {( o
« 1r, 4Is estimated stochastically 108§
with 32-1024 random sources X N8 s
O EE
L C) =) (q(0)q(xg, x,, Xy, XLy)) 107 5
el L
<\ 3 Lt <5
e Fit function: (2 SN TN
C(x) =a+ bcosh(m(x —0.5)) ~1o” 'J" R
—~107% -

O
o

0.2 0.4 0.6 0.8 1.0

« More stable for N./N, > 4



Topological susceptibility from simulations at fixed O
Correlator method

7 F
® Borsanyietal., 2016 [T=0]
: 4e7] - Borsanyi et al., 2016
* Noisy * L
+ Nt= 10
* Consistent with 3e7 - |

[Borsanyi et al., 2016]

» | ocal topological fluctuations

le7 -

X [MeV*]

» N, = &: lattice artefacts?
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Chiral observables

« Chiral condensate: M = m (), — 2m{yy),
+ Chiral susceptibility: y = m0d,, M = mZ20,(py), — 2m (py) . — 2mm 0 py).
2o

Summation over sectors: (O) — Z 7

0

(0)g

* Weights of different sectors:

[,(acos(0/2) .
1(acos(012) o,
a cos(0/2)

[Leutwyler, Smilga, 1992]



Chiral phase
transition
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T=145.0 MeV N;=8 Ns/Ny=2 Q=0
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Dirac operator spectrum, 7' = 145 MeV
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Dirac operator spectrum, 7' = 145 MeV
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Dirac operator spectrum, 7 = 145 MeV
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Dirac operator spectrum, 7= 170 MeV
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Dirac operator spectrum, 7= 170 MeV
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Localisation

Eigenmodes of D

CIPR, = ) |y, [

e Localised: IPR XV ~V

IPR(A) =

e Delocalised: IPR X V ~ const

11



IPR X V

Localisation
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Volume scaling
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Volume scaling

IPRXV ~ V¢
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Unfolded level spacing distribution

l

A
. Unfolding x; = J dip(A) s, =X — X;

* Unfolded level spacing distribution (ULSD):
( Zn 6(A —A)0(s —s,.))
p(4)

0
ds p(s, A, N,)

ps,A) =

\)

. Integrated ULSD [ = J
0

« Localised: I(I; ‘;isson ~ (0.396

« Delocalised: I&%VIT ~ 0.117
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Summary Purely overlap result!

+ Dynamical overlap fermions at m_ = mP™*, summed over Q
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+ Dynamical overlap fermions at m_ = mP™*, summed over Q
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Summary

Dynamical overlap fermions at m_ = mP™®, summed over Q

X0 from overlap simulations

Chiral observables around 1.

Consistent with chiral crossover

Purely overlap result!

rsanyi et a
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Summary Purely overlap result!
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Summary Purely overlap result!
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X0 from overlap simulations
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Thank you for your attention! 16






0.20

0.15

Lattice detalls, scale setting

Scale setting from simulations with large m_

0.10 |

a[fm]

0.05 |

0.15

0.10 |

« Simulations are done along the LGP 0.05 |

0.00 ] ] ] ] ] ] ]
3./ 38 39 40 41 42 43 44 45

» 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, = mj(f)w(?)

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

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

[Borsanyi et al., 2016]
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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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