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1.1. Discretized fermion scheme
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Ni=2+1+1

Nf=2+1

1-2. Preliminary study on quark mass
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1-2. Preliminary study on quark mass
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2. Discretized fermion dependence of hadronic spectrain LQCD

Computational complexity Computational complexity

N

Calculate Cz{‘!culélte
Correlator Correlator

A A
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2. Discretized fermion dependence of hadronic spectrain LQCD

Definition Previous works

MAPQyPT o

A Valence Sea Oy, = My (1\’;';”’{;) a(fm) |m, (MeV)
C
Val_Val pion mass: m_
’ Overlap Clover 153 0.09 300
Sea_Sea pion mass: m,
Val_Sea pion Mass: mﬂ s DW Staggered 30-60 0.13-0.09 310
Vs > Ma vy + M Overlap | DW ~10 0.11-0.08 | 300-400
Amix(mﬂ,VV’ m]l',SS’ Cl) = mﬂ',VS 2 . .

Innovation

1. based on the calculation at different lattice spacing

2. pion masses m,  are not limited to the case of ~300MeV

3. mixed action effect with kinds of the valence and sea fermion combinations



2. Discretized fermion dependence of hadronic spectrain LQCD

Valence fermion actions Sea fermion actions
Mpss (MEV)
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. . . | +
smearing on the gauge link; C06 321 JLOCD
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Contribution of the delta mix definition to the NLO at m
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2. Discretized fermion dependence of hadronic spectrain LQCD
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2. Discretized fermion dependence of hadronic spectrain LQCD

2 2
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1-step matching

3. Renormalization scheme in lattice QCD

Systematic error related to matching
A

1-step matching
MS MS MS MS
) Source Z, 12y Zg®[Zyv Zp© |2y Z3°[Zy
. ZS AS ZS chiral Statistical O 04 0.08 0.21 0.01
. Fit— (m,a) = >+ + Cs(m a) Conversion ratio 0.34 2.29 2.15 0.40
Ly (ma)-  Zy Perturbative running| 0.03  0.11  0.11  0.03
B AMEL 0.02 0.31 0.26 0.04
7 M Z Lattice o,pacmg 0.01 0.09 0.09 0.03
Ly ZV Finite-volume effect 0.02 0.07 0.14 0.01
mse* £ () 0.17 0.46 1.61 0.06
3 Extrapolate Zg/IS(d,pz) to a2p2 — 0 as Zg/IS(O,O) Total uncertainty 0.41 2.36 2.73 0.41

TABLE VI. Summary of uncertainties of RCs in percentage on

4 MS bare / ZM_S
' s the 641 ensemble through the intermediate RI /MOM scheme.

M, = ny

r € {RI/MOM, RI'/MOM, RI/SMOM)

systematic error from the fixed order truncation in the conversion ratio
becomes significantly larger as the lattice spacing increases

Also see the poster of Mengchu Cai.
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2-step matching

3. Renormalization scheme in lattice QCD

Conversion Ratio

CMSRUMOM(y)y = | + 0.4244a, () + 1.0068a2(u) + 2.7221a(p) + O(a))

Pade approximation

O(ah) ~ (2.72217/1.0068)a

ZsMS(2GeV)
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2-step matching

ZYS(uo,1/a, p?)

ZM_S(,u 1/a,p?) = ——
5 7S (g, 1/ g, p2)

ZRI(l/aapz) MS 11—
= a5 Tl ag) + Oaip)
S 0

LMS for minimally lattice spacing a, ensemble

Systematic errors related to the matching
only comes from the statistical
error and systematic error of the
minimally lattice spacing ensemble

ZF(#O’ 1 /a09 p2)



2-step matching on 48l

3. Renormalization scheme in lattice QCD

Zg MS-bar (2GeV)

1
1-step RI/MOM
18 2-step RI/MOM
’ 2-step LMS RI/MOM
2-step RI/SMOM

1.6

2

aZp

481(0.11411fm) on a03m310(0.0322tm) 3-3



Preliminary result

3. Renormalization scheme in lattice QCD

ZsMS(2GeV)
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4. Relationship between quark mass and different pseudo-mesons

Valence fermion actions Sea fermion actions
Overlap fermion with 1-step o0 Mn(MeV)
HYP smearing and p = 1.5. DWF+| —E—
[ 321f HISQ+S —¢—
350 | -
241
Ensemble LT N(glo _fit.) N(renom.) 300 - a03m310 > & 320
481 48,96 2752 344 481 ]
241 24,64 2256 250 +
641 64,128 1872 312
321 32.64 1968 200 |
481f 48,96 1424 272
321f 32,64 1446 240 150F 641 3] BIE
a03m310 06, 288 104 100 | | | | |
0 0.02 0.04 0.06 0.08 0.1 0.12
N=N conf X N source X N grid a(tm)



5.3

5.2

5.1

4.9

4.8

4. Relationship between quark mass and different pseudo-mesons

PQPT
m, slobal fit 2= 11 + 22y —v)n2 - 2y (2a — 2y N,2at, — a)}(1 21 -M,L M2 —
[ g T 2 { + N [( Yy ys) Il( yv) + (yv ys)] + yv( g aS) + Vs f( 2% a4)}( + Cmd )( T Cmi€ T CmS( s 7B phys))
f
N L
f
F,=F( - E(yv +yIIN(, + ) + asy, + aNy (1 + a)(1 + cpe™" + (M) 0, phys)) dseretization error 33y VS
m 9
l
1soQCD __ Yvs —
Mﬂphys = 134.98(5)MeV "5 (4nF2)2
MZ/mg (GeV) fr (GeV)
T T T T T T T T 016 [
0.155 | |
0.15 | 1
0.145 | 1
0.14 | |
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ysical m; —&— 0.135 Physical m —&— -
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4. Relationship between quark mass and different pseudo-mesons

Ni,=2+1+1

Ne=2+1
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I — NPLQCD 11 ’9‘8 Eﬂd,uffw 148
[~ —: ALPHA 19 = Ho+H MILC 10 :
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4. Relationship between quark mass and different pseudo-mesons

Unquenched SU(2) LECs
- (4nF)
£, = In IVE 2[Q2ag — as) + 2(20 —
7.phys 4.5
_ 47F)?
f4:1 EWZ ) 2(0(5+2a4) 4l
,phys
3.5
3 -
FLAG 2021, Eur.Phys.J.C 82 (2022) 10, 869
P.A.Boyle et.al, Phys.Rev.D 93 (2016) 5, 054502 o |

a4)]

FLAG ——
RBC/UKQCD 15E '—E—'
. This work >

£+ £,
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4. Relationship between quark mass and different pseudo-mesons

MZ/mg (GeV)

7 I I
ov, a=0.11fm
ov, a=0.08fm ——
ov, a=0.07fm
6.0 ov, a=0.06fm =—é&— -
cl, a=0.11fm
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6k cl, a=0.05fm —@— _
|
55F

5 SN o f e Wty P ok %
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0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
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Clover and Overlap are consistent with each other after renormalization.



4. Relationship between quark mass and different pseudo-mesons

phys phys V V
MK(ml Ly my, my)

m,, . global fit

0.58
) . 058
Mg = (c{ ) + cf i + ¢ + ¢} m)(L+ o ymf + ¢y 0% + ¢ ™) g
h 0.52

Mo oop = MPYS — A ppMyo = 497.44(02) MeV _
Q KO Q mghys n mcll)hys — Zmphys 004.:
M= ocp = M[ggys — AgepMy= = 491.44(15) MeV 0'46
0.44
msbar-MS(ZGeV) (GeV) 049
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OV@HI —E— 0.07

X(m

mP™*,0)
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0.002 0.004 0.006 0.008 0.01

0.012 0.014

[
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a=0.07fm e

1. Interpolate M

0.08 0.09

m, extrapolation
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X 2
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2+1+1

Nf=

4. Relationship between quark mass and different pseudo-mesons
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4. Relationship between quark mass and different pseudo-mesons

M</M .
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4. Relationship between quark mass and different pseudo-mesons

m,. interpolation

1. Interpolate myg to mg .
2. Interpolate M D._simu. 1O M D..OCD

Mp- pcp = Mﬁ?s — ApepMp. = 1966.7(1.5)MeV

JIy & 5. interpolation

X(m,,m, ,a) = X(m};’hys, m,zhys,O) + df((m]% — (m};hys)z) + dg(m,i — (m,zhys)z) + a’gfa2 + dfa4

mCMSbar(2GeV) (GeV) MH (GeV)
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116 | FLAGN;;=2+1 —O— - X OV@DW Jpsi —é¢—

FLAG Ni=2%1+1 —S7— X - OV@HI Jpsi

1.14 l} . i CLQCD Jpsi =€

3.05 ¥ :
112 | - %

1.08$ } 31
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% o O B0 i
1.04 } i
.95 | ]
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10 0002 0004 0006 000§ Q01 0012 0014 0016 0018 0 0002 0004 0006 _ 0008 001 0012 0014
No need for LMS (fm*) (fm<) 4



Summary and Outlook
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THANKS F()R Y()UR AT TENTION!



