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Current Correlators

©,

High-energy

® Perturbative at short-distance

(Continuum PT well-developed, 4-loop)
0.1fm Test & use

A OPE in the middle This region

1fm

® Non-perturbative at long-distance (2 1/Agcp )
ChPT

Low-energy
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Operator Product Expansion (OPE)

co(as) sz?l

C4,5qMq(Aq) + c4,c(GG) + - - -

II(z) = .
(113) 2136 + CB4 + 332 +
Massless Perturbation First non-perturbative

(up to 4-loop) effect through condensates

tiny mass correction

@ Test this theoretical formulation against the
“experiment” on the lattice

@ Use as an input for NPR
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Two-point Functions

@ Definitions
Is(z) = (S(x)S(0)"), Ip (x) = (P(x)P(0)),
Ty, (2) = (Vu(@)Vo(0)7),  Ta,u () = (Au(x)A,(0)T),
My/a(z) = >, Mv/a uu(x)
® Non-singlet local operators are used
S(z) = ud(z), P(z) = divsd(z),
Vi(z) = ayd(z), Au(z) = ty,ysd(x)

@ Degeneracy

@ Massless perturbation
IIs = 1lIp, Ilv .. = Il .0

@ Non-perturbative effects breaks these degeneracies
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Outline

0. Setup

@ Ensembles: 2+1-flavor configs with Mobius domain-wall fermion

1. Test of OPE

@ Subtraction/Elimination of discretization effects at short distances
@ Convergence of perturbation theory
@ Effect of condensates

2. Renormalization
@ Discrimination of discretization effects and non-perturbative
@ Zy, Z,
¢ ZS’ ZP
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Lattice Setup

@ 2+1 Mobius DW fermions w/ 3 times stout smeared links

@ Symanzik improved gauge action

@ 3 kinds of different cutoff w/ nearly same physical volume

al[GeV] Volume ams amud (Mr[MeV])
0.0300 0.0070 (300), 0.0120 (400), 0.0190 (500)
O
Ry 32°x64x12 0.0200 0.0035(230), 0.0070(300),
' ' 0.0120 (400), 0.0190 (500)
483x96x12 |  0.0400 0.0035 (230)
0.0180 0.0042 (300), 0.0080 (400), 0.0120 (500)
3.610(9) | 483XGEX8 |rmmmmmmmmmmmrrfrrmmm e e
0.0250 0.0042 (300), 0.0080 (400), 0.0120 (500)
4.496(9) | 643x128x8 | 0.0150 0.0030 (300)
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Discretization effect

@ Subtraction of tree-level discretization effect

1 ¢ ; ;
aGHP
0.1 ". )
q(— continuum, free
0.01¢F 1‘
[ &
L Voo
0.001 k .
L ‘»,\Qe . o Q
_ Sy O lattice, interacting
10.0001 } AR
: 2 . \l,
U, 8
| 0"'%.e~ge 8
1e-05 OIM'G"Q"S, _2899 8o
- © TR 08888 8go o
16-06 . A “”5"3‘**2-3%5933“3?@
. lattice, free MG
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+ Replace
a a lat,free cont,free
et (2) — Met(z) — (70 (2) — 50" T7° (a)
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Discretization effect

@ Subtraction of tree-level discretization effect

1 L 1 1
aGHp
0.1F
4
0.01F %
0.001F %
L E‘«,Q
l0.0001 } e, lattice, free-corrected
[ "B l'
I <88 .
1le-05p T €9eo,
[ “.""'m._?_e e 8ee
L —— ?eeeeeee.eee-
tfe06p e L
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(x/a)

+ Replace
a a lat,free cont,free
et (2) — Met(z) — (70 (2) — 50" T7° (a)
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@ Perturbative series

Continuum Perturbation

Il = co + cras(p) + ceas(p)? + - --
as(p) = as(p*) + O(as(p*)?)

= co + clas(p*) + chas(u*)? + - -

@ u* . arbitrary

0.12

0.1

0.08f

0.06¢

0.04}

0.02}

1

Coupling scale yu = x~

wGHg/I—S(2GeV)i

0.12

0.1}

0.08}

0.06}

0.04¢

0.02¢

Ref: Brodsky et al, 1983

<— good convergence
if ¢ : small

Optimal coupling scale u*

0.1 0.2 0.3 0.4 0.5
x [fm]
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Lattice V.S. Continuum

@ Comparison
+ Lattice : a'! = 3.61 GeV, Mrn = 300 MeV, RC is multiplied
+ Continuum : MS 2GeV, 4-loop
0.18 - -
0.16¢ CBG]._Is/P
0.14}
0.12}
0.1
0.08}
0.06
0.04}
0.02}
00— 07 02 03 04 05
x [fm]
@ Non-perturbative effect — Gap between 2 channels
= Check consistency with OPE

scalar
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OPE — (Axial-)Vector Channel

@ Momentum space

Ir, 40 (q) =/dar; e 1% T, ()
1 0
= (6,09® — 4,01 (¢2) — quq, T (¢?)

140 0
= (5uvq2 — qqu)Hi“ i )(qz) — 5,“,q2H§‘ )(qz)
Non-conserved

140 . 1 0]
11 9 (%) = I (¢2) + I (¢2)

@ Non-conserved part
X1, (9) = @Iy (q?)

1{” (¢%) = 0

4 —
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OPE — (Axial-)Vector Channel

@ Non-conserved part in X-space

71.2

qu (ZU) == wzwuauHA—V,uu(w) S <qq> + O(mq) ’ O(w_z)

2mg

Oa—v,u(z) = A (x) — v, ()

(255 (2 GeV) B, (2 )] MeV]

0
@ Very close to FLAG’s value | | ey 1/3(121712?02(?11238 =&
of <4a> = [2TIIMVE | | ey amcnom
ams = 0.0180 -
@ Vector & Axial-vector : -150¢
consistent with OPE -200}
-2801 .- .T...-J.ﬂ.:.;r
e How about scalar & pseudo- |-300{ VAR S

scalar? 350
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OPE — (Pseudo-)Scalar Channel

e Gap . HI‘—I" (CE) — HI‘(CC) — HI‘/ (QZ)

0.0025

® OPE: Mp_g~ 0.5Iy_,

0.002}

@ Lattice: IIp _g > IIy_4

P — S : too large 0.0015} HIHHHH www il

_ . 0.001¢ P-S
@ Known on quenched lattices {H f
Ref: Chu et al, 1993; 0.0005 } { \l,V -A
Faccioli, DeGrand, 2003 t s s 3 35 £ 853 80840 10 S A ———
® Not understood 00— =07 02 03 04 05

x [fm]
@ Maybe related to U(1), anomaly

@ Detailed study underway
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Renormalization 1n X-space

® Renormalization to MS scheme
O'*t(1/a) — OMS(p) = ZMS/'%(1/a — p)O'*(1/a)

@ Renormalization condition in X-space method
(Martinelli et al ‘97, Giménez et al 2004, Cichy et al 2012)

TIMS (5 )
e ()

M—S la % a MS MS a
Zp S () Tt () = TIVS (s ) = | Zp/" () =

@ Advantage

@ Renormalization by gauge invariant quantities
® We know IIMS (u; ) to 4-loop level (Chetyrkin, Maier, 2011)

® Window problem : we need to extract Z from e < = < Agep
in order to avoid (1) discretization effect, O @
(2) non-perturbative effect

Lattice 2015 @ Kobe, 14-18 July 2015, SOKENDAI, KEK, = Masaaki Tomii



: scale independent

Renormalization of Vector Current

MS L
e x-dependence of | v () _ 7S 1ot
V/A (x)
1.2 . :
V., amg =0.0042 o =
V,am = 0.0080 —— ~MS/lat
119 V,am2=0.0120$ Z
A, amg = 0.0042 - o -
1.1} A, am,=0.0080 -
A, amg=00120 s
1.05¢
® 'y l
[ |
8
B IV @g*amﬁ’ig
0.9 OI_ 1 OI_2 Ol 3 O..4 O'.5
x [fm]
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Renormalization of Vector Current

@ OPE Too small = neglected

SMS/la MS la \% ‘/
251 (a2) = 2315/ (a) + ¢} Pma® |
V/A

+(C4 ,aq mQ<qq> —I_ C4 <GG> + C4 mé)mél —I_ et

C4,qq/c4 aq = —3/5
— ZMS/lat (a; x) E\/ \Y%
(BV+3A)/837 (5Tt (z) + 31 (x))/8
= ZN5/1% (@) + 0 - my(qa)a? + ca,c (GG)a® + - -

@ Mass dependence in short-range can be eliminated
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@ New combination

7 MS/lat MS/lat

(5V+3A)/8 (a5x) =

1.2

Renormalization of Vector Current

(a) + c4,c(GG)x* + - -

V. am. =0.0042 —o—

=0.0080 ——
=0.0120 —a—

V,am

115} v o ZMS/lat

V/A

=0.0042 -
=0.0080 -
=0.0120 -+

A, am
1.1F A,am
A, am

o o o o o0 0

1.05¢

[ ] e .

]
i %é%ﬁmﬁﬁ?é

Y] JJt

0.95¢

1.2

11}

1.05}

0.95}

0.9—%7 0.2 03 0.4 05

x [fm]

@ Mass dependence become much smaller

am(Il=0.0042 .
I amq=0.0080 —o— .
15T amg =0.0120 — Z(5V_|_3A)/8(a,, CL')|

~MS /lat

0.9—%7

0.2 0.3 0.4 0.5
x [fm]
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Renormalization of Vector Current

@ Up to x*, data are
independent of mass

= O(x°) : necessary
at x> 0.4 fm

C6,5¢2(00qq)x® + C6,meg<GG>.’E6
HEAS
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Zoomed version

1.04 - : :
¢ SMS /lat )
LIS ¢ Z(5V—|—3A)/8(a’7 33)‘
1.02¢ 8 /
1.01} .
2
I %
0.99+¢
0.98¢
amg = 0.0042 o ,
0.97} amg=0.0080 —— TR
am9=0.0120% . | |
096—G 1102 03 04 05
x [fm]
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Renormalization of Vector Current

Result for each g at M. = 300 MeV

@ Up to x4, data are 1.04 T .
) E a °
independent of mass 1.03} : Fevisa) s (as m)‘-

1.02} m |
= O(x°) : necessary Corl @ =3.61GeV |
. . .
at x> 0.4 fm Al ’ gt =2.45GeV|
C6,aq2(GAqq) =° + c6,mamZ(GG)z® (.99}
T .08}
| - 097} -

@ Increasing behavior in 0.965— 55T I 0%
short range depends on a x [fm]

— Discretization effect (amq)2, (a/x)?, ---

Significant
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Renormalization of Vector Current

@ Fit function:

Zisv'ianys(@s @) = Zy (@) + c_a(a/@)? + cazt + (co + cym?)a®

e x? fitting simultaneously among each ensembles

1

\
c 5 \ f
g 0.995} \
Preliminary results \§ =Gl
— 0.99F N\ am, = 0.0180
ZoyS/tet (3 — 4.17) = 0.951(4), | 0.985| ‘%ﬁ
%,
_ 0.98} % 1
MS/lat () R
Z — 4.35) = 0.956(3 "éa\ BRI
V (/8 ) ( )7 0-975 i [‘g :T[]i::ﬂh E.Lifi I}El |
ZyS' (B = 4.47) = 0.961(3) | 0.97f am =0.0042
0965 i am = 0.0080 —&—
o am =0.0120
02 025 03 035 04 045 05 055

x [fm]
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Renormalization of Scalar Density

@ Good combination of 1Ig & Il

1 :
Naive average : I(s1p)/2 =3 (IIs + ITp) «—— U(1),-singlet

@ Subtracting remaining non-perturbative effect

1_I(S—I—P)/2 — Ctpe'rtw_6 + (—|— C4,G<GG>)CU_2 + ...

Reduce number of fit parameters
using

Ily_a = —16C4gqmq(qa)z ™" + - -

+ I(s1p) /24 (v—a)/16 : independent of mq <gg> x~2

Lattice 2015 @ Kobe, 14-18 July 2015, SOKENDAI, KEK, = Masaaki Tomii



Renormalization of Scalar Density

@ Fit function:

ZM—S/lat
(S+P)/2+(V—A)/16

(2 GeViasx) = Z

MS/lat
S

(2 GeV;a)

+c_2(a/x)? + caz* + (ce + cgm?)x®

@ Preliminary results for z5'*/'**(2 GeV;a)

ZMS/1t (3 = 4.17) = 0.975(9),
ZM8/lat (3 — 4.35) = 0.881(7),

ZM5/1et (3 — 4.47) = 0.842(5)

Lattice 2015 @ Kobe, 14-18 July 2015,

0.94

am_ = 0.0042
L g 1

0.93 am, =0.0080 = |® ! = 3.61GeV,
0.92¢ amq =0.0120 amg = 0.0180
0.91}

0.9} 5
0.89 P~y i
0.88} ¥ gw"h:\ ............

87} LY 2k filkggety
g:g_ i ?%}%%%%% Sl
0.85/ EH%
0.8
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Summary

@ We 1nvestigate two-point correlation functions for scalar
and pseudoscalar densities, vector and axial-vector currents.

@ Convergence of perturbative correlators i1s well improved by
changing scale of coupling.

@ Results of vector and axial-vector currents have good agreement
with OPE.

@ Chiral condensate 1s extracted from non-conserved part of the
correlator of axial-vector current.

@ Using the context of OPE, renormalization constants are
determined with good precision ( < 1 % ).
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Diagonal Cut

@ 0:angle between x & (1,1,1,1)
@ Correlators at large 6 are more distorted

0 —

@ Free correlators at small @ are closer to

those 1n continuum theory
@ Data with 6 < 30° are used

. neglectlarge 6 : O,
O
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Renormalization of Vector Current

@ Fit function:

Zisv'ianys(@s @) = Zy (@) + c_a(a/@)? + cazt + (co + cym?)a®

@ Perform chi 2 fitting stmultaneously for all ensembles

1.01}
@ Preliminary results 1005k

3
Ky
Y
Ky
Ky
Y
—
‘s
Y
1k :
\

0.995} % o -

. 0.99f .\
ZM8/1at (3 61 GeV) = 0.956(3), — <7 g4

0.985} %

a 098} i
MS/lat 4 50 GeV) = 0.961(3) — %@%%% Gt

Zy;

==}

0.975¢

0.97¢
02 025 03 035 04 045 05 055
z [fm]
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Renormalization of Scalar Density

@ Fit function:

SMS/lat MS/lat
Z(S+/13)/2+(V_A)/16(2 GeViasx) = Zg / (2 GeVja)

+c_2(a/x)? + caz* + (ce + cgm?)x®

@ Preliminary results for z5'*/'**(2 GeV;a)

1
73" (=1 = 2.45 GeV) 0.98}
= 0.975(9), -~
0.94}
- 092} 1
Zy"S' (a=1 = 3.61 GeV) ool %=
= 0.881(7), 1088t
_ 0.86}
ZQ/IS/ZM(CL—1 = 4.50 GeV) 0.84}
= 0.842(5),-—0.82}
086——07 02 03 _ 04 05
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