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A. Tomiya

Our purpose 1/4

Relativistic Heavy lon Collisions = QCD + External magnetic field

Reaction
plane

(%) \|

X (defines \¥y,)

Non-central heavy-ion collisions produce huge magnetic field,
eB ~ 10’8 Gauss (v/eB ~ 442 MeV)

(c.f. eBlab = 4 5x10° Gauss)

— [t might affect to QCD phase structure

Kharzeev, Dmitri E. Prog.Part.Nucl.Phys. 75 (2014) 133-151 arXiv:1312.3348 [hep-ph]
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Our purpose 2/4

A. Tomiya

Why mz = 320 & 80 MeV with HISQ in external magnetic fields?

T=0
T=130 MeV
T=148 MeV
T=153 MeV
T=163 MeV ",4"’
T=176 ’__,,.. g
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= prediction _

\ z
\ crossover
L
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Stout staggered fermions at the physical point
- Inverse magnetic catalysis at the critical temperature

- Tc decreases along with external field eB
- New critical endpoint for large eB is suggested by an effective model

G. S. Bali et al 1206.4205

G. Endrodi 1504.08280
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A. Tomiya

Our purpose 3/4

Why mz = 320 & 80 MeV with HISQ in external magnetic fields?

Unimproved staggered fermions Nf =3 AT etal 1711.02884

1
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Chiral condensate for up
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In our previous work, we found for mz~300 MeV,

- Normal magnetic catalysis for whole temperature

- Tc increases along with external field eB (« Nb)

- The Binder cumulant indicates 1st order phase transition
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A. Tomiya

Our purpose 4/4

Why mz = 320 & 80 MeV with HISQ in external magnetic fields?

= o o . -
160 R deconfinement transition line _]

| prediction

— S I -
140 |-} z —
5 L -

(S 3

— B \ ]
120 ~  '\crossover —
N A critical .

Sl point
[ first order _|
100 eB (GeV2)
1

Chiral condensate for up

! ! ! ! | j i
5128 5.13 5.132 5134 5136 5.138 5.14 5142 5.144 5146

! We employ nghly Improved Staggered Quarks(HISQ)
- To see cutoff effect and mass dependence on the CataIyS|s 1
i- To see Tc(eB) behavior. Does it go up or down? _
- To find first order at large external field eB “
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- A. Tomiya
Our target regime '

Works with external magnetic field

T There are also Wilson & overlap works

Ms

Heavy mass regime
Stout staggered
Mz = 340, 440, 664 MeV

hysical point
Stout staggered

1 Our previous work
Standard staggered
Mz > 300 MeV

Crossover
ud

=.. 80 , M. D'Elia et al XQCD2018

F.R. Brown, et al PRL65, 2491 (1990) & and references therein

Lattice2018, MSU 6
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A. Tomiya

Terminology

External magnetic field (inversely) catalyzes the chiral condensate

(Normal) Inverse
Magnetic Catalysis Magnetic Catalysis

() =
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A. Tomiya

Our setup

mr = 320 & 80 MeV with HISQ

3 degenerate flavors
Previous Unimproved staggered quarks with RHMC
mz > 300 MeV

This work 3 degenerate flavors with HISQ (RHMC)

# M~ = 320 MeV (~ lightest in unimproved case)
& 80 MeV (near to SU(3) chiral limit)

The Dirac spectrum and topological
susceptibility using the stochastic estimator.

L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.
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A. Tomiya

Our setup

mr = 320 & 80 MeV with HISQ

Nf = 3 QCD with HISQ (m~» = 320 and 80 MeV)
Tree level Symanzik gauge action

No3xN7z = 163 x6 (a ~ 0.27 fm)
The number of configurations ~ O(1000)
Fermilab and CCNU GPU machines

Ny X a’eB :# of magnetic flux

Nb(Nx=16) 0 8 16 32 56
JeB (MeV) 0 330 460 660 870

m 320 MeV | 80 MeV | 80 MeV
Nx=Ny 16 16 24
me / 1.7 2.6 (Nc?t showed)

Lattice2018, MSU 9



M= = 320 MeV




Results with m,; = 320 MeV A. Tomiya

Susceptibility for heavier regime(~ lightest mass in unimproved staggered)

HISQ m_ =320 MeV, N:=3, L=16

| |
Nb=00 —+— _
Nb=08
Nb=16 H—x—4 -
Nb=32 —8—4 _|
Nb=56 +—=—

'fc decreases along wiﬂ; Nb (<eB)

Susceptibility for up

Consistent with results with physical point
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Results with m,; = 320 MeV A. Tomiya

Binder cumulant for Heavier regime(~ lightest mass in unimproved staggered)

HISQ m_ =320 MeV, N:=3, L=16

o
-]
S
O
©
o 2 _
o] Nb=00 +——+—
'aEJ Nb=08
1 Nb=16 H——%— -
1st order Nb=32 —B&—
O | ] ] ] ] ] ] Nb=56I ]

58 585 59 5095 6 6.05 6.1 6.15 6.2
5

No indication of 1st order, different from unimproved staggered results
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Results with m,; = 320 MeV A. Tomiya

Chiral condensate for Heavier regime(~ lightest mass in unimproved staggered)

<QIVLL> 0.5
0.45

04

R R IR R R
R R
N2 =000
OCOUIOCUIOCU1IO0 010

0.35 -

0.3
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0.2

0.15

0.1

0.05 - -

o U l l l l l _A@(x:a2€£3
0 10 20 30 40 50 60

Mz = 320 MeV data near Tc shows inverse magnetic catalysis
-> Unimproved staggered results are probably artifacts
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Results with m,; = 320 MeV A. Tomiya

Decomposition of relative increase of the chiral condensate

Relative increase of the chiral condensate

eB only in eB only in
sea quarks  valence quarks

We can see sea and valence effects on
normal/inverse magnetic catalysis

[M. D’Elia et al 1103.2080]
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Results with m,, = 320 MeV

r(B) =

A. Tomiya

Heavier regime: Consistent with previous results at physical points
() (B) — (1) (0)

(1))(0)
T < Tc
B=5.80
L21ly  ful n
¥ sea
M
[ |
0.21 v 0
A
[ |
|
0.0{ m
0 10 20 30 40 50

(Normal) Magnetic Catalysis

Np

1.51

1.0

0.5

0.0 1

—0.51

T>Tc

B=6.00

Y

full

’
A

sea
val

0

Inverse Magnetic Catalysis

10

Sea quarks drive inverse catalysis
Similar to previous results at the physical point

20 30 40
Np

50 N, o< a’eB

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.]
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Results with m,; = 320 MeV A. Tomiya

Dirac spectrum: sea quarks drive inverse catalysis

beta=600spectral density .. beta=600spectral density

Full e on sea eB on valence

eeeeeeeeeeeeeeeeeeeeee

same with Nb=0 Asame with Nb=0

E:Eil{]n{yg[lﬂHUHHHHHHHHWHHHWHHlMWHHHHH[UWUL bl s

beta=600spectral density beta=600spectral density

beta=600spectral density

0.175 4

0.150 4
&=
— +
— E}
SN

beta=600spectral density beta=600spectral density beta=600spectral density

_ Suppressed Suppressed Increase
Nb=56 ﬁ;i\'“j;jjj * low-laying modes *Iow—laying modes j ow-laying modes
I RN

Valence quarks only contribute to normal catalysis

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.]
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Results with m,; = 320 MeV A. Tomiya

Topological susceptibility shows similar tendency to the chiral condensate

Xtop

17.5- —¥— beta=5.80

—— beta=5.85
—— beta=5.90
—9— beta=5.95
15.0 1 —&— beta=6.00
—}— beta=6.05
—— beta=6.10
—— beta=6.15

125 beta=6.20 ﬂ
W B0 — / N 2mp(N)
0o T p—t 1 N 0 A2+ m?2

7.5 1

4m P )\)

0.0 -

10 20 30 40 50

QO A

Similar tendency to the chiral condensate

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.]
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A. Tomiya

Results with m,, = 80 MeV

Susceptibility in light pion mass regime (near the SU(3) chiral limit)

HISQ m_ = 80 MeV, N;=3, L=16

0.003 .
0.0025 .
o
- )
ks 0.002 F i
>
5 0.0015 [ .
-'5_ 474
o 0001 [ -
® .
@)
0.0005 | .
o L
5.7 5.75 5.8 5.85 5.9 5.95 6 6.05

Tc goes up and down along with Nb??
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Results with m,, = 80 MeV

A. Tomiya

Susceptibility in light pion mass regime (near the SU(3) chiral limit)

o

5.92

5.90

5.88}

5.86

5.84

5.82}

5.80

5.78 |

5.76

5.74

Ny o< a’eB
0

0 10 20 30 40 50

Tc goes up and down along with Nb??
-> Mpi = 80 MeV with Nx=16 is affected by finite size effects.

6
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A. Tomiya

Results with m,, = 80 MeV

Lighter regime for Nx = 16 is affected by finite volume effects

_ 0.09
<uu> | Logl.16161606Beta6050Mq00093750Ms00093750Nb056.txt ———
0.08 1 s
0.07 - ) i
0.06 | . i
" s T A
0.05 | t | .
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drift
0.03 .
0.02 f N .
\- 1 LI | (1.4 L1 W [
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trajectory

This mass is strongly affected by finite volume effects:
MzL=1.7<4
Especially, high temperature and large Nb is serious.
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A. Tomiya

Results with m,, = 80 MeV

Binder cumulant in light pion mass regime (near the SU(3) chiral limit)

HISQ m_ = 80 MeV, N;=3, L=16

crossover

1st order

o L ! ! ! ! ! ! !
5.7 5.75 5.8 5.85 5.9 5.95 6 6.05
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A. Tomiya

Summary: QCD phase trs. with magnetic field

No 1st order is found for m~ = 320 and 80 MeV (/eB < 870 MeV)
Summary of HISQ with magnetic field

1. m,; = 320 MeV shows crossover, Tc(eB) decreases.

1. 1st order for standard staggered fermions are probably an artifact

2. Dirac spectrum for sea part are consistent with inverse magnetic catalysis

3. Qualitatively similar to the physical point results by stout staggered fermions
2. m, = 80 MeV shows crossover (/eB < 870 MeV)

1. Tc goes up and down along with Nb, but Nx=16 lattice affected by finite volume
effect, especially high temperature and large Nb. (highly suspected)

2. Except for Tc(eB) behavior, m,; = 80 MeV system shows qualitatively same behavior
to 320 MeV (not showed in this talk)

3. No indication of the first order

3. In both cases, topological susceptivity behave similar to the chiral condensate.
(m,; = 80 MeV is not showed)

Outlook

1. To improve the analyses for m, = 80 MeV, simulations with
larger volumes are needed. Analyses on Nx=24 is ongoing.

Lattice2018, MSU
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HISQ with the magnetic field

HISQ = Highly improved staggered quarks

Lv 1.

N

Re-unitrization

ReU

1N

Lv 2.

Dhiso[U] = Dks[ i ] + Dnai

-X. mag.(z)

Multiplying u(1) links
after the smearing

Lattice2018, MSU

ux(nm ny9 ng, nt) — {

* i
Fat-7(+Lepage)

A. Tomiya

Lv 2.

ReU

k[ ]

exp[—igBNn,]  (ny = N,—1)
1 (Otherwise)

uy(nX9 ny, nZ7 nt) — eXp[ianx],

Lv 2.

Dks[ u 1] + DNaik[u 1 ]




A. Tomiya

Topological susceptibility

Previous works by HISQ

' ' ' e 120 — . .
180 | - 1% [MeV] Ne=6 v 1/4 HISQ, a=0.082 fm @
140 [ o m N=8 = X [MeVl HISQ, a=0.060 fm
A‘A;hlw vy N =10 -e- 100 r T
100 - 7 AlSSee N g v, N 12 s 5 TM, a=0.060fm v
L v - _
28 _ £ 9 oA'.- . ¥ Tcont _ i stout, a=0.057fm -4
A o B Y 80 T ® A DWF, a=1/(8T) v
° o
40 | s Ty Yy e *
5# 60 ¥ ¥ v A
20 | t : - v ¢
40 t v
10 | -
T/TC 1 1 20 . 1 1 1 | | T/TC ]
1 1.5 2 3 35 1 15 2 2.5 3 3.5

Figure 3: The temperature dependence of x: in QCD for HISQ action on lattices with different
N+ (left) and x: for HISQ action at two lattice spacings compared with recent results using
different fermion actions [19, 36, 49| (right). In the left panel, we also show the continuum
result for y+ disucssed in section 4 and open symbols represent the data points that have not
been used in the continuum extrapolation.

Peter Petreczky, Hans-Peter Schadler and Sayantan Sharma

1606.03145
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A. Tomiya

Comparison to conventional method

The projector method gives consistent results to the chiral condensate

We have used stochastic estimator for the Dirac
spectrum and calculate the chiral condensate

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.]
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A. Tomiya

Results with m,, = 80 MeV

Lighter regime

<uu> I I I I I I

p=5.70 —+—

0.5 F P=5.77 > -
f=5.80 —x—
f=5.85 —&=—
f=5.90 —=—

04 | [3: 595 —e— —
f=6.00 —e—
f=6.05 —a—
O ,,,,,,,,,,,,,,

0_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

0 10 20 30 40 50 60 N b

It shows inverse mag. catalysis

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.]
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A. Tomiya

Results with m,, = 80 MeV

Lighter regime

< IC ~ 1C
r(B) beta570 r(B) beta585
2007 Vv sea Y sea
L full I# 51 @ full 4
1754 & v A val
1.50 A '#' ) A
1.25 - 3-
« 1.00 A . A
? w
0.75 A
\%
0.50 1 Y g A .
s 7 ; v
0.25 A 04 m Y O
0.007 N v
6 110 210 310 410 5]0 (I) 1|0 2I0 3I0 4I0 5|0
Nb ] ] Nb ] ]
(Normal) Magnetic Catalysis Inverse Magnetic Catalysis

Sea quarks drive inverse catalysis
Similar to previous results at the physical point

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al 2016. P. d. Forcrand et al 2018.]
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Results with mpi = 320 MeV A. Tomiyz

Effects from valence and sea Dirac operators

External magnetic field come into two slots,

fullf | ) 1 |
(i) /DUP[U,@ Tr DT+

Valf i 1 ]
(¥y) _Df[U;@ +m |’

seaf - . ) 1 ]
()™ (B) = /DUP[U,EI e

where

1
Z(B)"

f = up, down

P[Uv7 B] p— _Sg[ ]Det [DUP[U B] +m]1/4Det [DdOWH[U B] 4 m]1/2

[M. D’Elia et al 1103.2080]
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A. Tomiya

QCD phase diagram with magnetic field

Works with external magnetic field (improved KS types)

Phase diagram @ m»= Physical mass

Lattice2018, MSU



A. Tomiya

QCD phase diagram with magnetic field

Works with external magnetic field (improved KS types)

Phase diagram @ m»= Physical mass

Lattice2018, MSU



HISQ with the magnetic field

HISQ = Hight improved staggered quarks

A. Tomiya

HISQ = KS term with 2 level smearing + Naik term with reunitarized links

Thin

/\»,

Fat-7

N

Lv 1.

Re-unitrization

ReU

Fat-7(+Lepage)

/

N

Lv 2.

Lattice2018, MSU



A. Tomiya

Quantization of the magnetic field

Magnetic flux and upper limit.

CX. Mmag. (Z) External magnetic field for z-dir.

{exp[—iqBany] (n, = N, — 1)
ux(nX7 ny’ ng, nl‘) —

1 (Otherwise)
uy(ny, ny, ng,n;) = expligBn,],
y
X

21N
eB = ARl a "’
Ny N,
0 < Ny < NZNy (By a periodicity)

Nx = Ny = 16 case, Nb = 64 Is the maximum

Lattice2018, MSU



A. Tomiya

Results with mpi = 320 MeV

Chiral condensate for heavier regime (~ standard setup)

HISQ m_ =320 MeV, N:=3, L=16

05 I I I I I I Nb OOI I
= = —t—A

g_ 045 B = Nb=08 ]
5 04
o 035 -
M
c 03[ .
S =
S 025 | with Nb
S 02Ff
Y]
'_E 0.15 [
© 01

0.05 H |

5.8 5.85 5.9 5.95 6 6.05 6.1 6.15 6.2
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Results with mpi = 320 MeV A. Tomiyz

Dirac spectrum sea quarks drive inverse catalysis

ﬁfﬁ (1>1c) Full ‘Sea Valence
O | ~ +
mnmhuHHnuLq@nwi[@lﬂiHHUmUHme " ”‘”””-'i'ﬂi‘_i'l!l”UL'J”AW””'”“”””””' | bﬂlaHJFMHﬂ\}yﬂﬂlnnﬂmmnm
16 -
* wHumnmmnnumulm unsliintniii m\mmmmlmunummmmHHHIHHIHHHHMMHHIHHHHHH

beta=600spectral density beta—600spectral density = peta—600spectral density

decrease decrease : increase
56 * low-laying modes | ~_ *Iow—laying modes | } HHHH”HM‘ m ﬂmms

::Zz;;o;mg_rgl}sl}rfgr{ﬂ il mlﬂlﬂl HH“ “ h H “I“ “ “””HH“ [N TJE}"lﬂf[};ﬂ”‘ﬂl‘.ﬁ”ﬁﬂlﬂjhﬂﬂlﬂmﬂﬂgmﬁ}w

Valence quarks only contribute to normal Catalysis

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al -
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A. Tomiya

Results with mpi = 80 MeV

Chiral cond. in light pion mass regime (near the SU(3) chiral limit)

HISQ m_ = 80 MeV, N;=3, L=16

055 | | | | | | | |

o 0.5 |
> 045 .
XS 0.4 |
)
2 0.35
& 0.3 |
3 025 b
C
Q 02 |
® 0.15 |
c 0.1
© 005k

O | |

5.7 5.75 5.8 5.85 5.9 5.95 6 6.05
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A. Tomiya

Results with mpi = 80 MeV

Dirac spectrum for lighter regime

B=X (T>Tc)
Nb Full Sea Valence

O

16

50

Valence only contribute to normal catalysis

Using stochastic estimator [L. Giusti et al, 2009. G. Cossu et al -
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A. Tomiya

Results with mpi = 80 MeV

Topological susceptibility for lighter regime

topological susceptiblity

—}— beta570
300 1 —}— beta575
—}— beta580
—}— beta585
—— beta590

250 A

200 A

N

o
04 150 A
>

100 A

50 A

10 20 30 40 50
Nb

o 4
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A. Tomiya

HISQ with the magnetic field

HISQ = Hight improved staggered quarks

HISQ = KS term with 2 level smearing + Naik term with reunitarized links

yd
. —<
5 AN E N
g 7
N\ A A
7 7 7
ReU Lv T.
AN = f( /A\ )
» <
/ / JZ yd M
Lv 2. TS RN N N
AN = /N + /N + + N + L. t.
: : v s 7
N N 7f > 7f
7 7 4

Lv 2. ReU
DHisa[U] = Dks[ f+ ] + Dnaik[ 1+ ]
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A. Tomiya

Related works

Mpi ~ 300 MeV

Our last year’s one

- Tc goes up
- normal catalysis
- First order??

Lattice2018, MSU



A. Tomiya

Related works

Mpi = physical, F. Bruckman et al, arXiv: 1111.4956, 1303.3972

B | | | | | | | | | | | | | ] I I I I I | | | | I | | | |
- 4 124 MeV - 3 1
- = 136 MeV * *_ K | ]
0.08 = ¢ 142 Mev . ] 160 b deconfinement transition line  _
- o 155 MeV . - | — i
006 L o 176 MgV N 4 - | ; prediction J
] - — o~ Ly | N
o - - . EJ 140 |\ 5 =
lg bl * = = x 1 : “ :
0.04 - —1 o L\ |
L - 4 = N : .
= e ©® e ® . I: 120 N \\c\ro?sover Cripicol |
0.02 = — - he point |
®_ _ S | -
e B8 5 g = 2 100 : first order _|
0 @ el le | el le I e N T T
0 20 40 60 5 10
N, eB (GeV2)  Endrodi 1504.08280

- Tc goes down
- Inverse magnetic Catalysis around Tc
- First order at extremely strong eB (Conjecture)

Lattice2018, MSU




A. Tomiya

Related works

Mpi = 600 MeV, Massimo, XQCD2018

210 T
iiggggzgiiii
* Y 3
200 ”‘*.Eigii”
* o . i
*s
= 0T L O O 0 OSSN —
Q
=
&
= 180 F o ww gy
X i - . .
¥ x
170 -Mn =343 MeV S e
—44OMeV LI
M =664 MeV —v— Sl
M 664 MeV Polyakov ——
160 L | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
le[B [GeV?]

1.5¢-03 [ ' I e e e e =

1.0e-03

179.08 MeV +—B—
189.57 MeV
195.06 MeV +—v—

=1 c-04 | 21848MeV e S T I
) 05(?23@;; ffffffffff IEER NN AR

50004 b e R e e N .

- Tc goes down
- No Inverse magnetic Catalysis for the range
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A. Tomiya

Statistics with mpi = 320 MeV

Heavier regime

L beta mass Nb Trajectories

L beta mass Nb Trajectories L beta mass Nb Trajectories

16 5.80 0.015 00 5500
16 5.80 0.015 08 5000
16 5.80 0.015 16 5000
16 5.80 0.015 32 5000
16 5.80 0.015 56 5000
16 5.85 0.015 00 6500
16 5.85 0.015 08 6500
16 5.85 0.015 16 6500
16 5.85 0.015 32 6500
16 5.85 0.015 56 6500
16 5.90 0.015 00 7500
16 5.90 0.015 08 7500
16 5.90 0.015 16 6500
16 5.90 0.015 32 7500
16 5.90 0.015 56 5466
16 5.95 0.015 00 7500
16 5.95 0.015 08 7500
16 5.95 0.015 16 4500
16 5.95 0.015 32 7500
16 5.95 0.015 56 /500

16 6.00 0.015 00 4500
16 6.00 0.015 08 4500
16 6.00 0.015 16 4500
16 6.00 0.015 32 4500
16 6.00 0.015 56 4500
16 6.05 0.015 00 4000
16 6.05 0.015 08 4000
16 6.05 0.015 16 4000
16 6.05 0.015 32 4000
16 6.05 0.015 56 4000
16 6.10 0.015 00 6500
16 6.10 0.015 08 6500
16 6.10 0.015 16 6500
16 6.10 0.015 32 6500
16 6.10 0.015 56 6500
16 6.150.015 00 4170
16 6.15 0.015 08 6500
16 6.150.015 16 5500
16 6.15 0.015 32 5500
16 6.15 0.015 56 5500

16 6.20 0.015 00 4485
16 6.20 0.015 08 7500
16 6.20 0.015 16 7500
16 6.20 0.015 32 7500
16 6.20 0.015 56 7500

ma =0.015

Lattice2018, MSU



Statistics with mpi = 80 MeV

Lighter regime

L beta mass Nb Trajectories

16 5.700 0.0009375 00 630
16 5.700 0.0009375 08 1637
16 5.700 0.0009375 16 1640
16 5.700 0.0009375 32 10702
16 5.700 0.0009375 56 9638
16 5.750 0.0009375 00 700
16 5.750 0.0009375 08 1652
16 5.750 0.0009375 16 1644
16 5.750 0.0009375 32 11289
16 5.750 0.0009375 56 9363
16 5.800 0.0009375 00 700
16 5.800 0.0009375 08 1721
16 5.800 0.0009375 16 1467
16 5.800 0.0009375 32 12928
16 5.800 0.0009375 56 11486
16 5.850 0.0009375 00 700
16 5.850 0.0009375 08 1734
16 5.850 0.0009375 16 1623
16 5.850 0.0009375 32 11693
16 5.850 0.0009375 56 8512

L beta mass Nb Trajectories
16 5.900 0.0009375 00 700
16 5.900 0.0009375 08 2329
16 5.900 0.0009375 16 2327
16 5.900 0.0009375 32 8002
16 5.900 0.0009375 b6 8276
16 5.950 0.0009375 00 700
16 5.950 0.0009375 08 1840
16 5.950 0.0009375 16 2337

A. Tomiya

16 5.950 0.0009375 32 13374 Ma = 0.0009375

16 5.950 0.0009375 56 11990
16 6.000 0.0009375 00 700
16 6.000 0.0009375 08 3603
16 6.000 0.0009375 16 3700
16 6.000 0.0009375 32 13098
16 6.000 0.0009375 56 11690
16 6.050 0.0009375 00 700
16 6.050 0.0009375 08 3700
16 6.050 0.0009375 16 3700
16 6.050 0.0009375 32 14769
16 6.050 0.0009375 56 14010
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A. Tomiya

eB”*4 corrections

sea - valence decomposition can be justified below Nb=16

Nx =Ny = 106 case eB = a >

det(D 4+ m)(U, B) = det(D + m) + c(eB)2 4+ 0(334)
(D +m)"Y(U,B) = (D+m)"YU) + ¢ (eB)? + O(BY

Nb 3 16 32 56

an2 eB 0.20 0.39 0.79 1.37
(@a™2 eB)"2 0.039 0.154 0.617 1.889
(@a™2 eB)™4 0.001 0.024 0.381 3.569

(eB)™4/(eB)"2 4% 15% 62% 189%
T NNLO contribution is large
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eB*4 corrections o Tombe

sea - valence decomposition can be justified below Nb=16

Nx =Ny = 106 case
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