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Purpose of this project
How to derive the RGI quark mass

Purpose of this project

e Determine the fundamental parameters of QCD
@ Fundamental parameters of Ny =2 4+ 1 QCD
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Purpose of this project

e Determine the fundamental parameters of QCD
@ Fundamental parameters of Ny = 2 4+ 1 QCD

1 _
L= —4—ngZVFZV + % (VuDy + mi) 9
S

e Strong coupling: gs (PACS-CS 2009)
e Light quark masses: myq, mg (This year)

@ Determine myq4, mg with inputs of low energy observable on
the lattice.

e m,, mg, mg (PACS-CS), m;, m,, mg (mg) (CP-PACS)
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Introduction
Purpose of this project
How to derive the RGI quark mass

Purpose of this project

e Determine the fundamental parameters of QCD
@ Fundamental parameters of Ny = 2 + 1 QCD

1
L= 4g2 F:I,V Ny + '¢| (7}11 + mi) ;i

e Strong coupling: g¢ (PACS-CS 2009)
e Light quark masses: myq, mg (This year)

@ Determine myq4, mg with inputs of low energy observable on
the lattice.

e m,, mg, mg (PACS-CS), m,, m,, mk (mg) (CP-PACS)
@ Convert them in RGI mass or in the MS scheme
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How to derive the RGI quark mass

@ Quark mass is given by the PCAC mass.
@ Definition of the RGI| mass

do g(1) T
M = () (2b08%(1)) 7 exp <— [ (55 - %))
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How to derive the RGI quark mass

@ Quark mass is given by the PCAC mass.
@ Definition of the RGI| mass

do g(1) T
M = () (2b08%(1)) 7 exp <— [ (55 - %))

e Window problem: 1/L < Aqcp < p K 1/a
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How to derive the RGI quark mass

@ Quark mass is given by the PCAC mass.
@ Definition of the RGI| mass

do g(1) T
M = () (2b08%(1)) 7 exp <— [ (55 - %))

e Window problem: 1/L < Aqcp < p K 1/a
e Procedure is given as follows (ALPHA)

bare
m%CA()}(gO)

Y. Taniguchi for PACS-CS Collaboration Non-perturbative renormalization of quark mass in Nf=2+1 Q(




Introduction
Purpose of this project
How to derive the RGI quark mass

How to derive the RGI quark mass

@ Quark mass is given by the PCAC mass.
@ Definition of the RGI| mass

do g(1) T
M = () (2b08%(1)) 7 exp <— [ (55 - %))

e Window problem: 1/L < Aqcp < p K 1/a
e Procedure is given as follows (ALPHA)

m(bare) gO) ZA(gO)
PCAC \ZP(gOa a/Lmax) a—0
NPR

@ Renormalization is performed non-perturbatively
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How to derive the RGI quark mass

@ Quark mass is given by the PCAC mass.
@ Definition of the RGI| mass

do g(1) T
M = () (2b08%(1)) 7 exp (— [ (55 - %))

e Window problem: 1/L < Aqcp < p K 1/a
e Procedure is given as follows (ALPHA)

m(bare) gO) ZA(gO) m(]'/L“)
PCAC \ZP(gOa a/Lmax) a—0 F(I/Lmaxl
N;R NP r:;nning

@ Renormalization is performed non-perturbatively
@ Non-perturbative running by the step scaling function
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How to derive the RGI quark mass

@ Quark mass is given by the PCAC mass.
@ Definition of the RGI| mass

do g(1) T
M = () (2b08%(1)) 7 exp (— [ (55 - %))

e Window problem: 1/L < Aqcp < p K 1/a
e Procedure is given as follows (ALPHA)

m(bare) ) ZA(gO) m(]'/L ) M
pPCAC'E Z (gOa a/Lmax) a—0 m(l/l-max) m(l/l- )
NPR NP runmng PT running

@ Renormalization is performed non-perturbatively
@ Non-perturbative running by the step scaling function
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Step Scaling Function

@ Discrete renormalization group flow: m(L) — m(2L)
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Step Scaling Function

@ Discrete renormalization group flow: m(L) — m(2L)

.
g° Follow the RG flow
5 in discretized way.
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Step Scaling Function

@ Discrete renormalization group flow: m(L) — m(2L)

]

g Follow the RG flow
5 in discretized way.
11 : 1J.O 100

energy scale (GeV)

@ Take continuum limit for every step of RG flow.
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Step Scaling Function Scaling behavior
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Step Scaling Function

@ Discrete renormalization group flow: m(L) — m(2L)

.
g Follow the RG flow
5 in discretized way.
11 : 1lU 100

energy scale (GeV)

@ Take continuum limit for every step of RG flow.

= =

@ Covers Agcp < 1 < 21°I\QCD with 10 independent SSF's.

]
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Step Scaling Function

@ Discrete renormalization group flow: m(L) — m(2L)

N

w

Follow the RG flow
in discretized way.

gauge coupling

N

|
. ‘

1 10 100
energy scale (GeV)

@ Take continuum limit for every step of RG flow.

= =

@ Covers Agcp < 1 < 21°I\QCD with 10 independent SSF's.
@ keeping a/L < 1 at each step.
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Step Scaling Function Scaling behavior
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Non-perturbative running

Pseudo scalar density SSF

@ Renormalization factor of pseudo scalar density
L

Y. Taniguchi for PACS-CS Collaboration Non-perturbative renormalization of quark mass in Nf=2+1 Q(



Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Pseudo scalar density SSF

@ Renormalization factor of pseudo scalar density

T=L 7 = <P(t) . Ob>tree
(P(t) - Op)
A -
Ob
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Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Pseudo scalar density SSF

@ Renormalization factor of pseudo scalar density

T=L 7 = (P(t) - Ob>tree
(P(t) - Op)

Ob

@ Step Scaling Function of pseudo scalar density

. (u 3) _ Zp(go,2L)
P\7L) T Zp(go, L)

EZ (L)=u,m=0
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Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Pseudo scalar density SSF

@ Renormalization factor of pseudo scalar density

|\
- _ (P(t) - Ob)yree
‘?/ 2= () - O

@ Step Scaling Function of pseudo scalar density

5 u E _ ZP(gOazL)
P\7L) T Ze(go, L)

EZ (L)=u,m=0

@ lwasaki gauge action 4+ NP imp. clover fermion.
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Step Scaling Function
Scaling behavior
Improvement and Continuum limit

Step Scaling Function

Non-perturbative running

Scaling behavior
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@ Not very good.

e Need improvement.
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Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Perturbative improvement of the Step Scaling Function

e We need deviation from the continuum SSF
Lp(u,a/L) —opr(v)

opr(u)
]
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Perturbative improvement of the Step Scaling Function

e We need deviation from the continuum SSF
Lp(u,a/L) —opr(v)
opr(u)

o PT result not available for lwasaki action

]
)
)
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Step Scaling Function Scaling behavior
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Perturbative improvement of the Step Scaling Function

e We need deviation from the continuum SSF
Lp(u,a/L) —opr(v)

opr(u)
o PT result not available for lwasaki action
o Instead of the analytic evaluation
)
)
: 1.01 1.01
— quadraticfit | = quadratic fit | quadratic fit
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Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Perturbative improvement of the Step Scaling Function

e We need deviation from the continuum SSF
Lp(u,a/L) —opr(v)

opr(u)
@ PT result not available for lwasaki action
o Instead of the analytic evaluation
o We try numerical evaluation at very weak coupling region.
)
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
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Perturbative improvement of the Step Scaling Function

e We need deviation from the continuum SSF
Lp(u,a/L) —opr(v)
opr(u)

o PT result not available for lwasaki action
o Instead of the analytic evaluation
o We try numerical evaluation at very weak coupling region.
@ Quadratic fit of the numerical data.
' — quadraicfi | 10t quadratic fit Lo quadralc it
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Step Scaling Function Scaling behavior
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Continuum limit
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Step Scaling Function

Continuum limit

3, (uall)

0.85

1—— = Const fit w/ L/a=6, 8
O Constfitw/ L/a=4, 6, 8
Linear fitw/ L/a=4, 6, 8

o
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Step Scaling Function

Scaling behavior

Improvement and Continuum limit
Non-perturbative running

1 : T T
09
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@ Scaling behavior becomes much better.
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
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Continuum limit

1—— = Constfitw/L/a=6,8 ————— 1 ' ‘ ‘
O Constfitw/ L/a=4, 6, 8
O Linear fit w/ L/a=4, 6, 8
~ 09 ¢ 1
-
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@ Scaling behavior becomes much better.
@ Consistency between three continuum extrapolations

]
]

Y. Taniguchi for PACS-CS Collaboration Non-perturbative renormalization of quark mass in Nf=2+1 Q(



Step Scaling Function

Step Scaling Function Scaling behavior
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Continuum limit

1—— = Constfitw/L/a=6,8 ————— 1 ' ‘ ‘
O Constfitw/ L/a=4, 6, 8
O Linear fit w/ L/a=4, 6, 8
~ 09 ¢
-
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@ Scaling behavior becomes much better.

@ Consistency between three continuum extrapolations

o Constant extrapolation with two/three data
]
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
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Continuum limit

1—— = Constfitw/L/a=6,8 ————— 1 ' ‘ ‘
O Constfitw/ L/a=4, 6, 8
O Linear fit w/ L/a=4, 6, 8
~ 09 ¢
-
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W N 08 <« Const. fitw/ 6, 8
ffffff PT 2 loops
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@ Scaling behavior becomes much better.

@ Consistency between three continuum extrapolations

o Constant extrapolation with two/three data
e Linear extrapolation
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Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Non-perturbative running

@ Step Scaling Function of pseudo scalar density

ZP(gOa 2L)

opl\u) =
P( ) a—0 ZP(gOaL) g2(L)=u,m=0
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Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Non-perturbative running

@ Step Scaling Function of pseudo scalar density

op (u) = lim Zp(g0,2L)
a—0 ZP(g07L) 22(L)=u,m=0

@ Non-perturbative running factor

m/L)
w1/ L) ~ L7

i=1
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Step Scaling Function

Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Non-perturbative running

@ Step Scaling Function of pseudo scalar density

op (u) = lim Zp(g0,2L)
a—0 ZP(g07L) 22(L)=u,m=0

@ Non-perturbative running factor

m(1/L,) .

Iy PEr—— i L, = _nl-rnax
M(1/Lonax) EUP(")’ "
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Step Scaling Function
Step Scaling Function Scaling behavior
Improvement and Continuum limit
Non-perturbative running

Non-perturbative running

@ Step Scaling Function of pseudo scalar density

op(u) = lim Zp(go,2L)

a—0 Zp(g07L) =2

g°(L)=u,m=0

@ Non-perturbative running factor

m(1/L,) :
— . N = i L, = 2_n|-rnax
M(1/Lonax) EUP(" b b
Non-perturbative running mass

Non-perturbative running mass in SF scheme

ONP running mass
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Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current
Zp(B)
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Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

Zn(B) m(1/L,)
Zp(ﬁ, a/Lmax) a—0 m(]-/I-max) N

M

bare
micne(8)

@ Zp at three 8 =1.83, 8 =1.90, B = 2.05

)

LA\
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Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

(bare) (,B) ZA(IB) m(l/l-n) M
PCAC ZP(ﬁ, a/'—max) a—0 m(]-/I-max) N
@ Zp at three 8 =1.83, 8 =1.90, B = 2.05
@ From WT identity: Zi — (OL0n)
(Of - Ao(x0)Ao(yo) - Ob)
[ ]

LA\

Y. Taniguchi for PACS-CS Collaboration Non-perturbative renormalization of quark mass in Nf=2+1 Q(



Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

(bare) (,B) ZA(IB) m(l/l-n) M
PCAC ZP(ﬁ, a/'—max) a—0 m(]-/I-max) N
@ Zp at three 8 =1.83, 8 =1.90, B = 2.05
@ From WT identity: Zi — (OL0n)
(Of - Ao(x0)Ao(yo) - Ob)
e Connected °

LA\
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Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

(bare) (,B) ZA(IB) m(l/l-n) M
PCAC ZP(ﬁ, a/'—max) a—0 m(]-/I-max) N
@ Zp at three 8 =1.83, 8 =1.90, B = 2.05
@ From WT identity: Zi — (OL0n)
(Of - Ao(x0)Ao(yo) - Ob)
e Connected °

LA\
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Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

(bare) (,B) ZA(IB) m(l/Lﬂ) M
PCAC ZP(ﬁa a/'—max) a—0 m(]-/I-max)
@ Zp at three 8 =1.83, 8 =1.90, B = 2.05
@ From WT identity: Zi — (OL0n)
(O} - Ao(x0)Ao(yo0) - Ob)
e Connected e Disconnected

Y. Taniguchi for PACS-CS Collaboration Non-perturbative renormalization of quark mass in Nf=2+1 Q(



Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

(bare) (,B) ZA(IB) m(l/Lﬂ) M
PCAC ZP(ﬁa a/'—max) a—0 m(]-/I-max)
@ Zp at three 8 =1.83, 8 =1.90, B = 2.05
@ From WT identity: Zi — (OL0n)
(O} - Ao(x0)Ao(yo0) - Ob)
e Connected e Disconnected
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Renormalization factor Zp
Plateau in the 4-pt. function
Recommended choice

Axial vector current

Renormalization factor of axial vector current

(bare) (,B) ZA(IB) m(l/Lﬂ) M
PCAC ZP(ﬁa a/'—max) a—0 m(]-/I-max) N
@ Zp at three 8 =1.83, 8 =1.90, B = 2.05
@ From WT identity: Zi — (OL0n)
(Of - Ao(x0)Ao(yo) - Ob)
e Connected e Disconnected

Should be flat
in X0
by WT id.
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current . - g
Recommended choice

@ Plateau as an estimate of the O((a/L)?) artifact
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Renormalization factor Zp

Plateau in the 4-pt. function

Axial vector current N i e
Recommended choice

@ Plateau as an estimate of the O((a/L)?) artifact
e 5 =1.83 (a =0.117 fm)
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Renormalization factor Zp

Plateau in the 4-pt. function

Axial vector current N i e
Recommended choice

o Plateau as an estimate of the O((a/L)?2) artifact
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N . i
Recommended choice

@ B =2.05(a=0.070 fm)
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N i e
Recommended choice

@ B =2.05(a=0.070 fm)
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N i e
Recommended choice

@ B =2.05(a=0.070 fm)
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N i e
Recommended choice

@ B =2.05(a=0.070 fm)
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N
Recommended choice

Recommended choice for Zp

°
°
°
B dependence of Zp
Z,(B)
1.1
1
0.9 ° Y *
N 0.8 ?
0.7
0.6 } @Disconnected
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B
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N
Recommended choice

Recommended choice for Zp

@ With disconnected diagram.
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N
Recommended choice

Recommended choice for Zp

@ With disconnected diagram.

o Larger box size: 123 (8 = 1.83), 103 (3 = 1.90)
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N
Recommended choice

Recommended choice for Zp

@ With disconnected diagram.
o Larger box size: 123 (8 = 1.83), 103 (3 = 1.90)

@ (3 > 2.05 is recommended for small lattice artifact.

3 dependence of Zp

Z,(B)
11
1
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N
Recommended choice

Recommended choice for Zp

@ With disconnected diagram.
o Larger box size: 123 (8 = 1.83), 103 (3 = 1.90)

@ (3 > 2.05 is recommended for small lattice artifact.

3 dependence of Zp
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Renormalization factor Zp
Plateau in the 4-pt. function

Axial vector current N
Recommended choice

Recommended choice for Zp

@ With disconnected diagram.
o Larger box size: 123 (8 = 1.83), 103 (3 = 1.90)

@ (3 > 2.05 is recommended for small lattice artifact.

3 dependence of Zp
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization Conclusio

Light quark masses

A PACS-CS: m; ~ 155 MeV
@ On physical point with reweighting

O

m,,(u=2GeV) [MeV]

m,(u=2GeV) [MeV]

4.4 120
4 110
36 | | 100}
90 |
3.2 A

APACS-CS,NPZ,, | APACS-CS,NP Z,,

80
2.8 ]
% 70 I

241 1 60|
2 0 0.65 0‘.1 0.15 50 0 O.bS 011 0.15
a [fm] a [fm]
mMS(2 GeV) = 2.78(27), mMS = 86.7(2.3) MeV
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization Conclusio

Light quark masses

A PACS-CS: m; ~ 155 MeV
@ On physical point with reweighting
O CP-PACS/JLQCD: m; ~ 500 MeV

m,,(u=2GeV) [MeV] m (u=2GeV) [MeV]

4.4 120

4t E | 110 t %
36 | | 100 -
. ol i

3.2

@K input, NP Z,| 80 | @K input, NP Z |
M phiinput, NP Z | M phiinput, NP Z |

2.8 - APACS-CS,NPZ, % % 1 70 APACS-CS,NPZ, I

241 60 |
2 0 0.65 0‘,1 0.15 50 0 0.65 011 0.15
a [fm] a [fm]
mMS(2 GeV) = 2.78(27), mMS = 86.7(2.3) MeV
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization Conclusio

Light quark masses

A PACS-CS: m; ~ 155 MeV
@ On physical point with reweighting
O CP-PACS/JLQCD: m; ~ 500 MeV

m,,(u=2GeV) [MeV] m (u=2GeV) [MeV]

4.4

120
4t E { 110 r %
36 | ? | 100 - g
[ 9 t %
32 | @K input, NP z, 1 g0 | @Kinput NP Z, li
28 M phiinput, NP Z | @ M phiinput, NP Z | o1
.8 rOKinput, PTZ_ 1 OKinput, PT Z,,
Ophiinput, PT Z,| 70 ¢ O phiinput, PT Z |
24 | APACS-CS,NP Z,, A 1 e 7APACS—CS. NP Z, KN
2 0 0.65 0‘,1 0.15 50 o] 0.65 011 0.15
a [fm] a[fm]
mMS(2 GeV) = 2.78(27), mMS = 86.7(2.3) MeV
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization Conclusio

Decay constants

A PACS-CS: my ~ 155 MeV
O

f, (MeV) fc (MeV)
160 : : 180 : :
APACS-CS, Kinput

150 | Exp. 4 170 q

160 E
140 | 1

150 ; E
130 1

A 140 t i

120 | 1

130 - APACS-CS, K input ]
110 + J Exp

120 t E
100 110l i
% : : 100 : :

0 01 015" 0 0.05 01 015
a [fm] a [fm]
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Non-perturbative renormalization

Decay constants

A
O

PACS-CS: m, ~ 155 MeV
CP-PACS/JLQCD: m; ~ 500 MeV

Light quark masses
Decay constants
Conclusion

f, (MeV) fc (MeV)
160 ! T 180 T T
@K input, NP Z,,
150 | MPACS-CS, Kinput | 170+ 1
Exp.

160 [ 1
140 | E 1 E

150 | ; 1
1307 1

N 140 - ]

120 | 1

130 @K input, NPT Z, 1
110 F 1 PACS-CS, K input

120 - Exp. 4
100 | 1 10l ]
90 L . 100 L .

0 0.1 015" 0 0.05 0.1 0.15
a [fm] a [fm]
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Non-perturbative renormalization

Decay constants

A
O

PACS-CS: m, ~ 155 MeV
CP-PACS/JLQCD: m; ~ 500 MeV

Light quark masses
Decay constants
Conclusion

f, (MeV) fc (MeV)
160 - - 180 - -
@K input, NP Z,
150 | OK input, PT Z, | 170 4
APACS-CS, Kinput
Exp. § 160 |- —
140 + B
150 - ; 4
1305 B
N 140 - ]
120 + B
130 @K input, NPT Z, 1
110 + 4 K input, PT Z,,
120 I APACS-CS, Kinput 1
Exp.
100 - 1 10l ]
90 L . 100 L .
0 0.1 015" 0 0.05 0.1 0.15
a [fm] a [fm]
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Non-perturbative renormalization

Conclusion

Light quark masses
Decay constants
Conclusion

" Z® Non-perturbative running mass in SF scheme
1
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Z
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for PACS-CS Collaboration
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

Conclusion

m(bare) (gO) ZA(gO) m(]'/L") M
ﬂ/c—’ ZP(g07 a/l-max) a—0 m(l/l-max) m(l/l-n)
PACS—-CS ~~ < ~- 7 ——
NPR NP running PT running
) Z® Non-perturbative running mass in SF scheme
1
09 . ¢ ¢ 0.8
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o
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

Conclusion

m(bare) (gO) ZA(gO) m(l/Ln) M
ﬂ/c—’ ZP(g07 a/l-max) a—0 m(]-/I-Inax) m(l/l-n)
PACS—-CS ~~ < ~- 7 ——
NPR NP running PT running
) Z® Non-perturbative running mass in SF scheme
1
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@
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

Conclusion

m(bare) (gO) Zy (gO) m(l/Ln) M
% ZP(g07a/Lmax) a—0 m(]-/Llnax) m(l/l-n)
—CS ~~ — ~- - ——
NPR NP running PT running
) Z® Non-perturbative running mass in SF scheme
1
0e . * ° . \é e
) 08 éﬁ z
N 07 ? o x\é\g . -
o { L T
o 51.5 2 25 3 35 4 45 5 55 02 o 1 10 100 1000
WA

o ZMS(8 = 1.90) = 1.347(36) (cf. ZET = 1.11322)
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

Conclusion

m(1/L,) M
a—0 \m(l/LInax)/ m(l/l.n)
- N—

m(bare)( 0) ZA(gO)
ﬂ/c—’ ZP(g07 a/'—max)

PACS—-CS ~~ ~~
NPR NP running PT running
) Z® Non-perturbative running mass in SF scheme
1
- ONP running mass
0.9 * \ —— PT 2/3-loops
A 08 \\
-
o) g z
N 206
0.7 EL B ‘e\e
04 Ses.
L e
08 e o o1 o
05, 0.2
15 2 25 3 35 4 45 5 55 o 1 10 100 1000
WA

o ZMS(3 =1.90) = 1.347(36) (cf. ZPT = 1.11322)
° Applied to PACS-CS result
MS(2 GeV) = 2.78(27), = 86.7(2.3) MeV
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

Conclusion

m(bare) (go) ZA(gO) m(]-/Ln) M
P_CA’C_/ Zp(go,a/Lmax) a—0 m(1/Lnax) m(1/L,)
PACS—-CS ~ - ~~ - N——
NPR NP running PT running
) Z(®) Non-perturbative running mass in SF scheme
0o e ° \ Sy Ve

08| \

os % H
N 206
0.7 E’

=
04 Qe‘e'e
06 Se]
05, 02
15 2 25 3 35 4 45 5 55 0 1 10 00 1000
WA

o ZM5(B =1.90) = 1.347(36) (cf. ZPT =1.11322)
@ Applied to PACS-CS result

o mMS(2 GeV) = 2.78(27), mMS = 86.7(2.3) MeV
@ We need result at 8 = 2.05.
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Light quark masses
Decay constants
Conclusion

Non-perturbative renormalization

Vector meson decay constants

Vecotr meson decay constants [MeV]

300 T T
O fp
3 O fee
250 T Of 1
T [ fw ex|
[} b oeton
ol T 0 €XP- |
150 - 4
100 L L
0 0.1 0.15
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

NP renormalization without disconnected diagram

m,,(L=2GeV) [MeV] m (u=2GeV) [MeV]

120
4.4 | ]
| 110 I
ol he | 100 | ? 3
3.6 r
[) % | % 1;
T
3.2 r@Kinput, NP Z,, @ 1 8o | @K input, NPT Z,, ﬁ
Iph_i input, NP Z | @ M phiinput, NPT Z | o}
28 L OKinput, PT Z| ] OKinput, PT Z,,
iphi input, PT Z,, 70 'iphi input, PT Z,,
PACS-CS,NP Z | ’ PACS-CS, NPT Z | AN
2.4 r@Kinput, con. NP Z, T 1 60 K input, con. Z,
2 L L L I
0 0.05 0.1 0.15 50 0 0.05 0.1 0.15
a [fm] a[fm]
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Light quark masses
Decay constants

. . nclusion
Non-perturbative renormalization CanlEf

NP renormalization without disconnected diagram

f_(MeV) f (MeV)
190 T T 220 T T
180 | @K input, NPT Z,, ] @K input, NP Z,
K input, con. NP Z,, K input, con. NP Z,,
170 | OK input, PT Z, ] 200 - Okinput, PT Z, ]
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160 Xp- ] Xp.

180 q
150 4 @
140 - % @ 4 160 § % B

kS ~ I
1307€ + f =
N 140 4

120 1
110 1

120 1
100 1

920 L L 100 L L
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