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 Extremely wanted for studies of chiral effects

Nielsen-Ninomiya «no-go» theorem:

e Lattice chiral fermions =— fermion doubling:
[Nielsen and Ninomiya, 1981]

equal number of left- and right- handed particles
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Chiral fermions on the lattice

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

» Continuous chiral symmetry: ysD + Dys = 0

« Ginsparg-Wilson relation: }/SD + D}’5 — ZCZDVSD [Ginsparg and Wilson, 1982]

I +yssign(ysD, (—m,,)))
[Neuberger, 1998]

. Overlap fermions: aD,, = —

>

e Very expensive numerically: require multiple tricks

» My talk: some selected results on QCD @ finite 1 (around chiral crossover 1 )
N; =2 + 1 dynamical overlap fermions 7, = mphyS = 135 MeV
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. Nf = 2 + 1 overlap quarks, physical masses: m_ = m};hys

o Keep O = const (O = 0)
e Make calculations faster

« N,=3,10,12: 0 =0 [Fukaya et al., 2006]
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Some details

. Nf = 2 + 1 overlap quarks, physical masses: m_ = m}?hys

» Two Wilson fermions, my,a = — 1.3 (kernel of Dy, ] » a — 0 :irrelevant
» Two boson fields with mass mza = 0.54 } + Keep © = COI.lSt ©=9
* Make calculations faster

« N,=3,10,12: 0 =0 [Fukaya et al., 2006]

.Nt=8:z
0

* Everything is preliminary!




Chiral condensate

O = 0 sector

- M =72 (ms<l/_/l//>z - ml<'/_fl/f>s)
» |arge cutoff effects and FV effects

« N,/N, =2 is completely off

2~ 0.00144 e Ne=8, NN, =2
Do -4- N=8, No/Ny =3
= 0.0012 - Ni=8, Ns/N¢ =4
X Ny=10, No/Ny =2
— Ny =10, No/N; =3
< 0.0010 - N =10, No/N; = 4
.3 Ny=12, No/N; =2
\: 0.0008 Nt — 12, NS/Nt =3
S Ny =12, No/N; =4

| —4— N>, Ng/Ne=2
_— 0.0006 4 Npsoo, No/Ny =3
.3 Mo —— N, No/Ny =4
‘Eﬂ, 0.0004 L

N e~ . TRmmg

N 0.00021 0 TTtTmmm—enl TR

1 R 3

=

140 150 160 170 180
T [MeV]
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Chiral susceptibility

O = 0 sector

Yy = mo, M

0.018 -

0.016 -

0.014 -

~© 0.012 A

Xm X (

0.010 -

0.008 A

0.006 A

0.004 -

—+

—+

Nt — 10, NS/Nt =2
Nt =10, Ng/N; =3
N:=10, Ns/N;=4

lg

« N,/N, =2 is completely off

140

145

150

155 160

T [MeV]

 Same for staggered [Borsanyi et al., 2024]

165 170 175

—— N¢=12, Ng/N; =2

Nt = 12, NS/Nt =3

\ —4— N¢=12, NJ/N; =4

1&0 1&5 150 155 1éO 165 1%0 1%5
T [MeV]

I, ~ 160 MeV
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Can we do better and sum over QO?

 We need:
o M,y for OQ # 0 - just simulate for Q # 0

« Weights ZQ/ZO (or topological susceptibility y) - is also possible



Topological susceptibility from simulations at fixed O
Slab method
o,Vv=YV, p(q,Q — q) x p1(q@)p(Q — q) X

¢ -9 1 g
% 2)(Vxe 2yV(1 — x) X € 2yV x(1 — x)

2

(%) = (g?) — x*Q? x yVx(1 — x)

Up to boundary effects: V — oo

[Bietenholz, de Forcrand and Gerber, 2015]



Topological susceptibility from simulations at fixed O

Slab method
QV_V T=155MeV NJ/N;=4 Q=0
) — VY4

0.0 0.2 0.4 0.6 0.8 1.0
X

(q"%) & yVx(1 - x)




Topological susceptibility from simulations at fixed O

Slab method N, = 8

* Noisy 0
» Consistent with _80-
[Borsanyi et al., 2016] g -

» | ocal topological fluctuations 5;
50 -
50 -

+
—

Borsanyi et al., 2016
Ni=8, Ng/N¢ =3
N:=8, Ns/IN: =4
Ni=8, Ng/N; =5
N¢=8, Ns/N¢—

135

140 145

150

T [MeV]

155

160

165
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Summing over topological sectors

Nt=8

< 0.0009 -

~~~
mO

= 0.0008 -
X

~

_Y 0.0007 -
-
-
g 0.0006 -

|
. 0.0005 -

'S-
4
S 0.0004 -

~
Il 5.0003 -

—4+— N./N;= 3 Slab
—4+— N./N; =4 Slab
-+- N/N{= 3 Stag
-+- N/N{=4 Stag

=

150

T [MeV]

0.012 -
0.011 -
0.010 -
0.009 -
=
N
0.008 -
N\
0.007 - + Ns/Nt = 3 Slab »
—— N/N:=4 Slab
0.006 - -¥- N./N;= 3 Stag
-¥- N./N;=4 Stag
0.005 -
155 160 165 135 140 145 150
T [MeV]
X from:

« Stag: [Borsanyi et al., 2016]
 Slab: overlap results at fixed O
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Dirac operator spectrum
D! D, |e) = A%|e)

ov— OV

* Chiral symmetry (Banks-Casher relation):

Yy {/12 N ) —p(d =0)
* Axial symmetry;
m2
XA = Xn = X5 % Jdﬂ(mz_l_—/lz)zﬂ(ﬂ)

 Possible new effects: talks |[I. Horvath, Wed, 14.30] [T. Kovacs, Wed, 15.00]
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Dirac operator spectrum, 7' = 145 MeV

DJVDOV | ei> — /112 ‘ ei>
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T=145.0 MeV N;=8 Ns/N;=2 Q=0

p(A/mg) [MeV*]

DJVDOV ‘ ei> — /112 ‘ ei>
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Dirac operator spectrum, 7' = 145 MeV
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Dirac operator spectrum, 7' = 145 MeV

T=145.0 MeV N;=8 Ns/N;=2 Q=0

OV OV

&) = A7 e;)

Almg

T =145.0 MeV N:=8 Ns/N;=4 Q=0

T =145 MeV Ny=8 N/N¢=3

N O

O 000
T I TR
© A




Dirac operator spectrum, 7 = 145 MeV

= 145.0 MeV N=8 N/N:=2 Q=0 T =145 MeV N{=8 N /N:=3
le7 le7
2.0
L
U 1.5-
=
=
Q
0.5
2
e;) =A7e)
OV OV ‘ > | > Almg Almg

T =145.0 MeV N:=8 Ns/N;=4 Q=0 T =145.0 MeV N=8 N;/N;=5 Q=0

le7 le7
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Dirac operator spectrum, 7' = 170 MeV

T=170.0MeV N;=8 N /N:=2 Q=0

DJVDOV ‘ ei> — /112 | ei>

p(AImg) [MeV*]

p(AImg) [MeV*]
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Dirac operator spectrum, 7' = 170 MeV

T=170.0MeV N;=8 N /N:=2 Q=0 T=170 MeV N{=8 N /N:=3

=

le7
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e’/
14 0 Q=0
L4 Q=2
— 1.2 1 mm Q=-4
El.o- gl.o- 0 Q=28
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Q Q
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g L
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Summary

. : : _ phys
Dynamical overlap fermions at m_ = m_

- Preliminary data around 7 ,., mainly N, = 3 o] | MomimC
—4— N;=8, No/N—
. ] ] T=170.0 MeV N,=8 NJ/N:=5 Q=0 135 140 145 150 155 160 165
» Simulations at fixed Q T [MeV]
e Summation over {J -
t=

0.012 A

0.011 A

* Yo from overlap simulations

» Dirac spectrum: peak at p(4 — 0) RN
for NN, 24 —-SatT 2 T,

0.010 - ‘H\ 4|
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Summary

Purely overlap result!

. : : _ phys
Dynamical overlap fermions at m_ = m_

« Preliminary data around TPC, mainly NV, =

- - . T=170.0 MeVN:=8 Ns/N;=5 QNO
« Simulations at fixed O :

» Summation over O

* Yo from overlap simulations

 Dirac spectrum: peak at p(4 — 0)

forN/N, 24 —-5atT 2 T,

XM

b
——

1 Borsanyi et al., 2016
N:=8, Ng/N: =3
N:=38, Ns/Nt =4
N:=8, Ns/N:=5
N: =8, Ns/Nt— o
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Summary

Purely overlap result!

. : : _ phys
Dynamical overlap fermions at m_ = m_

1 Borsanyi et al., 2016

. . . Ne=8, Ns/N¢ =3
 Preliminary data around TPC, mainly NV, = o] | Mms N
—4— N¢=8, Ns/Ni—w

T — 1700 Me Nt — 8 NS/Nt — 5 Q O 1§5 14115 150 155 1(I50 1€I55

le6b

 Simulations at fixed O
» Summation over O

* Yo from overlap simulations

 Dirac spectrum: peak at p(4 — 0)

XM

forN/N, 24 —-5atT 2 T,

0.006 A

0.005 ~

Thank you for your attention!
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T [MeV]
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Action detalls

 Symanzik improved gauge action

 Fermion sector: 2 steps of HEX smeared gauge fields

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

e 2 flavours of Wilson fermions with mass — My ] e a— 0 :irrelevant

J « Keep O = const (O = 0)

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

« O(1000 — 10000) MD trajectories per point (Q, T, L) [Fukaya et al., 2006]
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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

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)

[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

19



Summing over topological sectors
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v(xV) - motivated by free instanton-antiinstanton gas
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