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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD 2

Motivation
Inherent O(a) discretization errors of Wilson fermions are
systematically removable via Symanzik improvement, by adding ...
@ ... adimension—5 (Sheikoleslami-Wohlert) term to the action,
X Cow
@ ... dimension—4 terms to quark bilinear composite operators

Improvement & Renormalization patterns of axial & vector currents:

(A0 = Za[AL) + aca (0, +}) PP |

ALX) = D00 =75 (00 P (X) = 000 =5 ()

(el = 2 [VaW) + acv (0, + ) T W) |

Vilx) = @(xf;%w(x) T 00) = 100 = 0(x)
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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD 3

Motivation

Here:
@ Lattice QCD with Ny = 3 O(a) improved Wilson fermions and
tree-level Symanzik improved ("Liischer-Weisz") gauge action
v non-pert. ¢sy  [Bulava & Schaefer, NPB 874 (2013) 188, arXiv:1304.7093 ]
v' non-pert. ca, Za [73%'5.5!;‘1@, Bulava, Della Morte, H. & Wittemeier]
@ Coupling / f-range of "CLS" Nf = 2 + 1 ensembles:

B = 3.4—3.85(g) ~ 1.76 —1.56) < a ~ 0.085— 0.039fm

The vector channel was not investigated so far for the three-flavour
theory, despite interesting applications involving ¢y and/or 2y, e.g.:

@ Vector current matrix elements / semi-lept. decay form factors
(— also relevant for the NP HQET-QCD matching in finite volume)

@ Computation of the timelike pion form factor — talk by John Bulava

@ Contributions to the anomalous magnetic moment of the muon

@ Thermal correlators related to di-lepton production rate in QGP
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= 0(a) ambiguities vanish smoothly towards the continuum limit

Realized in the QCD Schrdodinger Functional, finite-volume scheme

@ Employ N; = 3 SF gauge configuration ensembles,

generated in the context of earlier determinations of ca, Za

@ LCP condition L = Lppys - const., using universal parts in:
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Strategy & Previous work for this discretization

Basic framework:
Impose improvement and renormalization conditions such that all
physical scales kept fixed

@ Define cx, Zx on a line of constant physics (LCP) ALLHA

= 0(a) ambiguities vanish smoothly towards the continuum limit
Realized in the QCD Schrdodinger Functional, finite-volume scheme
@ Employ N; = 3 SF gauge configuration ensembles,
generated in the context of earlier determinations of ca, Za

@ LCP condition L = Lppys - const., using universal parts in:

a(g3)/a((g0)?) = e —190°—(95)7?1/(2bo) [go/<go) ]—bl/(zbg)

@ Final results on cx(g3), Zx(g3) can be described by smooth
interpolating curves based on functional forms (or Padé fits),
asymptotically constrained to 1—loop perturbation theory
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Strategy & Previous work for this discretization

Basic framework:
Impose improvement and renormalization conditions such that all
physical scales kept fixed

@ Define cx, Zx on a line of constant physics (LCP) ALLHA

= 0(a) ambiguities vanish smoothly towards the continuum limit

Realized in the QCD Schrdodinger Functional, finite-volume scheme

@ Employ N; = 3 SF gauge configuration ensembles,

generated in the context of earlier determinations of ca, Za

@ LCP condition L = Lppys - const., using universal parts in:

a(g2)/a((g5)?) = 19 ~(@) 7Nk [g2 /gy )2 ] 7/ %)
@ Final results on cx(g3), Zx(g3) can be described by smooth
interpolating curves based on functional forms (or Padé fits),
asymptotically constrained to 1—loop perturbation theory
Note: 3 an alternative approach via the "xSF" (chirally rotated SF) [Dalla Brida & Sint]
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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs /Zp in N; = 3 lattice QCD

Nf = 3 SF ensembles in the CLS S-range
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@ Standard SF setup with: T = (3/2)L — a, # = o, vanishing BF
(gauge field configurations were generated using openQCD-1.2 with SF BCs)
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Nf = 3 SF ensembles in the CLS S-range

D eiilpe A Eflpcac
Alkl —0.00234(835% —0.003T (02
Alk2 —LU1085(7L} —0.01206(51}
1.4 .4}
Cik] D.002T5(38) 0.00262(49)
— . - - ) Elk2 0.00004{33) —0.00072(41}
IAFS S I i FREP VDU 1B} 0.0 0.0
15 %17 33 13652 10 10240 Adll Bkl 0.00565[]6) DS540
151300 I 12620 AlL2 g .
a0 R4 paaew R Ll Blk‘: 0.00494(25) 0.00423(36)
BIAUS A TR Rz R1k3 XU AR 000109217
167 % 23 3512 4 13TN 3 20480 BILI 0.0 0.0
1305 ! Az Bk B2kl 0.00349(17) 0.00306(23)
13710 g MSE0 Bk - ; I
_ Clk2 DL061E14) DL061025]
167w 74 347 3 2uikd B2k . 1 B
05 % 29 S6T0 " 33 Ol C1k3 —0.000R2(12} —(L000 13}
4 15572 €3 0.0 0.0
2 35 FE asme 5 T NIk Dk . —0.002909{72)

@ Standard SF setup with: T = (3/2)L — a, # = o, vanishing BF

(gauge field configurations were generated using openQCD-1.2 with SF BCs)
@ LCP condition: L= Lopys L const. (~1.2fm)
@ Mass-degen. & indep. scheme: sea quarks with mpcac ~ 0
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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

CaA
[%mﬁ, Bulava, Della Morte, H. & Wittemeier, NPB 896 (2015) 555, arXiv:1502.04999]
0
—0.01
—0.02
~0.03
g
—0.04
—0.05 oy oy
interpolation
—0.06 - ____- 1-loop PT 7
+—e— ca from B2kl
70.07 | | | | | | | | |
0 02 04 06 08 1 12 14 16 18 2
9
13.9847
ca(g2?) = —0.006033g2 x |1+ exp | 9.2056 — _(9772
0

Jochen Heitger



e ——

iscne
WILHELMS-UNIVERSITAT
NSTER

Zn

Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

[A&Eﬂ.ﬁ, Bulava, Della Morte, H. & Wittemeier, PRD 93 (2016) 114513, arXiv:1604.05827 ]

—e— ZA70
| —— Padé fit to Za o
1-loop PT
| |
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Zn(g3) = 1 — 0.090488 g5 X
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Non-perturbative determination of ¢y, Zy[o.25ex] and Zs / Zp in Ny = 3 lattice QCD 8

Schrodinger Functional (SF) correlation functions
@ QCD, volume T x L3, Dirichlet boundary conditions in time,
periodic ones in space (up to periodicity phase 6 for quarks)
@ Boundary source fields ¢, ¢ to build correlators
(incl. optimized spatial boundary wave functions) T
@ Well known renormalization properties

3 time
holo) = 55 D2(VE) ) |
x 6 3BT el P

[analogously: fa(Xo0), fr(Xo), fu(Xo), kr(Xo), -..] '

[ 3L6((’)"’(’)"> e |
o a? Y ()T (V) C(u)ys T (V)) —
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Zy
Determination of Zy for Ny = 3 in the CLS S-range
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Determination of Zy for Ny = 3 in the CLS S-range
@ The renormalization of the vector current is based on the
vector Ward identity (implemented within the standard SF)

| o) { Vi) Ohu(y) O5e(2) ) = = { (5500 (1)] O5el@) )
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Determination of Zy for Ny = 3 in the CLS S-range
@ The renormalization of the vector current is based on the
vector Ward identity (implemented within the standard SF)

| o) { Vi) Ohu(y) O5e(2) ) = = { (5500 (1)] O5el@) )

@ ldentifying (’)ﬁ“(y), O¢,:(2) with pseudoscalar boundary
operators from above, and expressing everything by SF
correlation functions, yields normalization condition to fix Zy:

Zy(1+byamg) fu(xe) = F + 0(a®)  eg:forx,=T/2
fuldo) = ZE>ie® (0" VE(x)O°)
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Determination of Zy for Ny = 3 in the CLS S-range
@ The renormalization of the vector current is based on the
vector Ward identity (implemented within the standard SF)

| o) { Vi) Ohu(y) O5e(2) ) = = { (5500 (1)] O5el@) )

o Identifying O, (y), O%,(2) with pseudoscalar boundary
operators from above, and expressing everything by SF
correlation functions, yields normalization condition to fix Zy:

Zy (14 byamqg) fu(xo) = F + 0(a?) e.g.: forx, =T/2
fV(XO) = 6Lézx abc< o’ Vg(X) OC>

o With spatially periodic BCs, term oc ¢y doesn’t contribute to fy
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Determination of Zy for Ny = 3 in the CLS S-range
@ The renormalization of the vector current is based on the
vector Ward identity (implemented within the standard SF)

| o) { Vi) Ohu(y) O5e(2) ) = = { (5500 (1)] O5el@) )

o Identifying O, (y), O%,(2) with pseudoscalar boundary
operators from above, and expressing everything by SF
correlation functions, yields normalization condition to fix Zy:
Zy (14 byamq) fu(xo) = F1 + 0(a®) e.g.: forx, =T/2

fV(XO) = 6L5 Zx abc< o’ Vg(X) o° >

o With spatially periodic BCs, term oc ¢y doesn’t contribute to fy

@ AS Myience = Msea ~ 0, effect from term oc by numerically very
small and disappears upon extrapolation to the chiral limit

Jochen Heitger
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"Topology freezing": Simulations of finest lattice (8 = 3.81, é

Non-perturbative determination of ¢y, Zy[0.25ex] and Zs /Zp in N; = 3 lattice QCD

= 24)

sample the non-trivial topological sectors insufficiently

2400 ;
2200
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1800

= 1600

1400

topological charge
-

T T 2200 . . . 1800 . . . . 1600 . .
B=83,5=013652 | po00 5= 3512,k = 0.13703 p=3676m=01319 | 0| 5=381k~013712 |
7 1600
1800 1400
1600 1400 1300
1400 1200
1200
1200 = 1100
1000 } } } 1000 } } }
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2 1 b 4
‘ | |
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o [l
2 b |
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"Topology freezing": Simulations of finest lattice (8 = 3.81, é = 24)
sample the non-trivial topological sectors insufficiently

Non-perturbative determination of ¢y, Zy[0.25ex] and Zs /Zp in N; = 3 lattice QCD

2400 T T T 2200 T T T
o5 A =33k =0.13652 | 2000 8 =3.512,k = 0.13703
= 2200
S
= 1800
= 2000
8 1600
£ 1800
§- 1400
= 1600 1200
1400 1000 b b b
. 4 3
% 3
£, 2
El - 1
2 . v
2 -1
2 -2
]
< o3 -3
1 . . . 4 . | |
0 500 1000 1500 2000 0 4000 8000 12000 16000
MDU MDU

Analysis including projection to the zero-topology (Q:op = 0) sector:

_ <O ’ 5Qt0pv°>
<5Qtop70>
(Note: Ward identities should hold in any topological sector)

<O> ’ Qrop=0

1800

plaquette action

topological charge

1600
1500
1400
1300
1200
1100
1000

T T T T
B =3.676,% = 0.13719

T T T
B=381,k=013712 |

2 L L L L 2
02000 4000 6000 8000 10000

0

L L L
1000 2000 3000
MDU

4000

5Qmp,0 = O(Qiop +0.5)O(0.5 — Qtop)
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Zy — Preliminary result
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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

—e— 7

- - 1-loop PT
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Zy — Preliminary result

068 Constrained fit i
—e— 7
0.66 | _ 1-loop PT 1
1.55 1.6 1.65 1.7 1.75 1.8

80
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Zy — Preliminary result

—— 7,

0.68 | 4vo g
—— Constrained fit

—e— 7

0.66 | _ 1-loop PT 1

1.55 1.6 1.65 1.7 1.75 1.8
8o
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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

Iy
—— Constrained fit
2

—— 7y
066 1 - - 1oop PT
155 16 165 17 175 18
2
80

@ Interpolating formula constrained to 1—loop PT:

— 04 g2
M (a“ Qtop SeCtOfS)
V(g()) 01005; g x 1— '35 : C -
/ 1 ° 1-0375G3 jection to Q °
1 45002 (pl’O] tion to top )

@ Part of statistics and a few ensembles not yet (fully) analyzed
— chiral extrapolation still to be finalized, even though it is mild ...

14
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Zy — Examples of chiral extrapolations

0.76 - 1
0.74 1
g o072} IS E
0.7 g
0.68 - g
e g?=1.7575
1 go?=1.8182, . :
-0.012 -0.008 -0.004 0 0.004

ampcac
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Cv

Determination of ¢y for N = 3 in the CLS S-range
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sssssss

Determination of ¢y for N = 3 in the CLS S-range
@ The improvement condition adopted for cy originates from the
(massive) axial Ward identity

do ) (4300 Ofuly) Oful2) ) = 2m [ dix { P2 Ofy(1) 050 (2) )

{1020 Ol2))

OR
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Determination of ¢y for N = 3 in the CLS S-range
@ The improvement condition adopted for cy originates from the
(massive) axial Ward identity

do ) (4300 Ofuly) Oful2) ) = 2m [ dix { P2 Ofy(1) 050 (2) )

b
= — (16505(1)] 0%(2) )
@ For O;t we insert another axial vector current and use its
variation to arrive at

| 40 (400 AE0) O5@) ) —2m [ e P2 ) Ou(2) )
= if* (VE(y) O(2) )

OR

Jochen Heitger



Non-perturbative determination of ¢y, Zy[o.25ex] and Zs / Zp in Ny = 3 lattice QCD 16

Determination of ¢y for N = 3 in the CLS S-range
@ The improvement condition adopted for cy originates from the
(massive) axial Ward identity

do ) (4300 Ofuly) Ou(2) ) = 2m [ dix { P20 OBy (1) O5(2) )

b
= — (16505(1)] 0%(2) )
@ For O;t we insert another axial vector current and use its
variation to arrive at

| 40 (400 AE0) O5@) ) —2m [ e P2 ) Ou(2) )
= if* (VE(y) O(2) )

@ Specify R as the space-time region t, <y, < t,,v =k andan
external vector source term as Q¢ = a® > uy C(W) 7 5 C(v)

OR

Jochen Heitger



Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD 17

Cv

Translation to the SF scheme:
Implement this improvement condition in terms of SF correlators
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
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Translation to the SF scheme:
Implement this improvement condition in terms of SF correlators
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
o 1st term — diff. of ka4, (Xo, Vo) 0¢ 3y €22¢ (AT (x)AL(y) QS) at

Xo = by, t,, the sum is called I~<pAk(t1, t,,¥o) and the r.h.s. ki, (vo)
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Cv

Translation to the SF scheme:
Implement this improvement condition in terms of SF correlators
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
o 1st term — diff. of ka4, (Xo, Vo) 0¢ 3y €22¢ (AT (x)AL(y) QS) at

Xo = by, t,, the sum is called I~<pAk(t1, t,,¥o) and the r.h.s. ki, (vo)
@ Improvement & Renormalization =- Expression to solve for cy:
Z3 [ knoa(t2,¥0) — Kaa, (tr,¥o) | — 2m ZE Kea, (11, 12, Yo)

= 2 [ k(o) + acyBokilyo) | + O(a?)
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Translation to the SF scheme:
Implement this improvement condition in terms of SF correlators
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
o 1st term — diff. of ka4, (Xo, Vo) 0¢ 3y €22¢ (AT (x)AL(y) QS) at

Xo = by, t,, the sum is called I~<pAk(t1, t,,¥o) and the r.h.s. ki, (vo)
@ Improvement & Renormalization =- Expression to solve for cy:
Z3 [ knoa(t2,¥0) — Kaa, (tr,¥o) | — 2m ZE Kea, (11, 12, Yo)
=2y [kv(yo) + acydo kT(yo)] + 0(a?)
@ Use of the massive axial Ward identity gives rise to the mass

term above and is expected to be important, because the O(m)
error may dominate over remaining O(a?) and O(am) ones
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Translation to the SF scheme:
Implement this improvement condition in terms of SF correlators
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
o 1st term — diff. of ka4, (Xo, Vo) 0¢ 3y €22¢ (AT (x)AL(y) QS) at

Xo = to, t,, the sumis called I~<pAk(t1, t,,¥o) and the r.h.s. ki, (vo)
@ Improvement & Renormalization =- Expression to solve for cy:
Zk [ kaony (82, Y0) = kaoae(ti,y0) | — 2m ZE ken, (81, &2, Vo)
= 2y [ kvlyo) + acydokilyo) | + O(a?)
@ Use of the massive axial Ward identity gives rise to the mass
term above and is expected to be important, because the O(m)

error may dominate over remaining O(a?) and O(am) ones
@ Evaluated atinsertiontimest, = T/4and t, = 3T /4
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uuuuuuu

Translation to the SF scheme:
Implement this improvement condition in terms of SF correlators
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
o 1st term — diff. of ka4, (Xo, Vo) 0¢ 3y €22¢ (AT (x)AL(y) QS) at
Xo = to, t,, the sumis called I~<pAk(t1, t,,¥o) and the r.h.s. ki, (vo)

@ Improvement & Renormalization =- Expression to solve for cy:
Z/?\ [kAoAk(t27y0) - kAoAk(tlaj/O)] - 21772& ,~<PAk<t17t27y0)
= 2y [ kvlyo) + acydokilyo) | + O(a?)

@ Use of the massive axial Ward identity gives rise to the mass
term above and is expected to be important, because the O(m)
error may dominate over remaining O(a?) and O(am) ones

@ Evaluated atinsertiontimest, = T/4and t, = 3T /4

@ Prior knowledge of Zx and 2y is required with this method
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Variants/Refinements w.r.t. the early Nf = o study
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]
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@ Line of constant physics
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Variants/Refinements w.r.t. the early Nf = o study
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]

@ Line of constant physics

@ SF correlation functions incorporate optimized boundary
wave-functions (once calculated in the context of the
determination of ca) to suppress excited state effects and
thus to maximize the overlap with the ground state
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Variants/Refinements w.r.t. the early Nf = o study
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]

@ Line of constant physics

@ SF correlation functions incorporate optimized boundary
wave-functions (once calculated in the context of the
determination of ca) to suppress excited state effects and
thus to maximize the overlap with the ground state

@ Accounting for the mass term induced by the massive AWI:

Z; [ kaon, (t2,¥0) — kaoa, (ti,¥0) | — 2mZ} kea, (ti, ts, Vo)
= 2 [ kvlyo) + acydokilyo) | + O(a?)
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Variants/Refinements w.r.t. the early Nf = o study
[Guagnelli & Sommer, NPB PS 63 (1998) 886, hep-lat/9709088]

@ Line of constant physics

@ SF correlation functions incorporate optimized boundary
wave-functions (once calculated in the context of the
determination of ca) to suppress excited state effects and
thus to maximize the overlap with the ground state

@ Accounting for the mass term induced by the massive AWI:

Z; [ kaon, (t2,¥0) — kaoa, (ti,¥0) | — 2mZ} kea, (ti, ts, Vo)
= 2 [ kvlyo) + acydokilyo) | + O(a?)

@ Another set of insertion times t, = T/3and t, = 2T/3
(where inclusion of the mass term turns out to be beneficial again,
as it drastically reduces the systematics from different choices on t;, t,)
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: ot
-0.001 % { { } { {
NEIRE o
-0.0015 { { 4
-0.003 { ) ) e ampoxc ) ) £,
_ 9o [falxo) + acadofe(Xo)]
el = 2 olo)
Calculated as plateau average over the central L/2 timeslices:
am = ampcac = o5 ZIO_:LL//zZ amepcac(Xo)
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PCAC current quark mass for § = 3.676,L/a = 20

Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

-0.0005

-0.001

-0.0015

-0.002

-0.0025

-0.003 {

ampcac(Xo) =

Calculated as plateau average over the central L/2 timeslices:

am = dampcac

.
—— Plateau {
Oo [fa(Xo) + acadofp(xo)]
2 fp(Xo)

T—L/2
= T+L+1 ZXO:L//z amPCAC(XO)
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cv — Example of plateau for § = 3.512,L/a = 16

0

-0.5 |

-1.5 |

H——i

——t
fo—i
fo—1
{

—— Plateau

e by
A

6

) ) ) )
8 10 12 14 16
Xo

Choice of insertion times t, = T/3,t, = 2T/3 seems superior, as it stabilizes the

plateaux, weakens the mass term’s influence and leads to smaller statistical errors
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cv — Examples of chiral extrapolations

-0.4

-0.6

08

14 b

1.6 F

807=1.8182 ]
¢y, massless
Sl —*— cy, massive

-0.01 -0.008 -0.006 -0.004 -0.002
ampeac
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cv — Examples of chiral extrapolations

0.4 8’=1.8182 |
—— cy, massless
Sl —*— cy, massive
0.6 Tl ]
0.8
1 .. N 4
1.2 A
1.4 /,»/“’“
1.6 J
-0.01 -0.008 -0.006 -0.004 -0.002 0

ampeac

@ Inclusion of the mass term (from massive AWI normalization
condition) tames the quite significant quark mass dependence
@ Note agreement of the unconstrained fits in the chiral limit ...
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¢y — Preliminary result

0.2 B

Cv

-0.8 | -

a2l } ]

—— ¢

1.4 F - - 1-loop PT 4
1.4 1.5 1.6 1.7 1.8
8o
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-1.2

-1.4

Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

—— Constrained fit

i
L - - 1-loopPT 4
1.4 1.5 1.6 1.7 1.8
g’
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¢y — Preliminary result
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Non-perturbative determination of ¢y, Zy[0.25ex] and Zs / Zp in Ny = 3 lattice QCD

—— Cyo
—— Constrained fit
i

L - - 1-loopPT

1.4 1.5

1.6 1.7 1.8
80
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¢y — Preliminary result

16 1.7

@ Interpolating formula constrained to 1—loop PT:

[1+ exp (16.66 — 22¢) | Gilaw)
3.

3
o
33.25

cv(gs) = —0.013733 g5 x
[1 + exp (22.14 — >

)| @w=0

@ Part of statistics and a few ensembles not yet (fully) analyzed
(— final chiral extrapolation may still have some impact ...)
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Zs/Zp
Determination of Zs/Zp for N¢ = 3 in the CLS 5-range
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Zs/Zp

Determination of Zs/Zp for N¢ = 3 in the CLS 5-range
@ Exploits a renormalization condition, again derived from the
massive axial Ward identity (closely following P2H4’s method
to compute Zu for Nf = 2, 3), but now relying on a pseudoscalar
insertion as internal operator, with behaviour under variation

ab
08P (x) = d®¢S°(x) + ivfzb(X)z!)(X)
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Determination of Zs/Zp for N¢ = 3 in the CLS 5-range
@ Exploits a renormalization condition, again derived from the
massive axial Ward identity (closely following P2H4’s method
to compute Zu for Nf = 2, 3), but now relying on a pseudoscalar
insertion as internal operator, with behaviour under variation

ab
08P (x) = d®¢S°(x) + ivfzb(X)z!)(X)

@ Work with SU(N¢) algebra in the valence sector, where N > 3;
here: SU(3) and assume a # b
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Zs/Zp

Determination of Zs/Zp for N¢ = 3 in the CLS 5-range
@ Exploits a renormalization condition, again derived from the
massive axial Ward identity (closely following P2H4’s method
to compute Zu for Nf = 2, 3), but now relying on a pseudoscalar
insertion as internal operator, with behaviour under variation

ab
08P (x) = d®¢S°(x) + ivfzb(X)z!)(X)

@ Work with SU(N¢) algebra in the valence sector, where N > 3;
here: SU(3) and assume a # b
@ Use product of 2 PS boundary sources as external operator in

[ 40,00 (400 PP) O5u(2) ) = 2m [ dix (P20 PP) O5(2) )
1

= —d™(S(y) 0%(2)) 0% = qr 9"
f
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Zs/Zp

Identifying each piece with an SF correlator finally gives ...
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Zs/Zp

Identifying each piece with an SF correlator finally gives ...
@ ... aformula that can be solved for Zp/Zs:

Za o | (F18) (620 v0) — (F38) (trvo) — 2m (2 tisyo) | = = 25 R2°(vo)
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Identifying each piece with an SF correlator finally gives ...
@ ... aformula that can be solved for Zp/Zs:

Za o | (F18) (620 v0) — (F38) (trvo) — 2m (2 tisyo) | = = 25 R2°(vo)

@ Zp must be known; insertions aty, = T/2,t, = T/3,t, = 2T/3
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Zs/Zp

Identifying each piece with an SF correlator finally gives ...
@ ... aformula that can be solved for Zp/Zs:

2020 | (£38) (620 v0) = (£38) (6 v0) — 2m P82 tisyo) | = = 25 R2°(vo)

@ Zp must be known; insertions aty, = T/2,t, = T/3,t, = 2T/3
@ Graphical representation of the possible Wick contractions for
correlation functions of generic form fiq(Xo, Yo):

I I

J
. 2 ©
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Zs/Zp — Example of contributing Wick contractions

F‘P“’(x)——w”ﬂ IFTo(x) dF TEw(x) 07)
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[
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)

) wwu !
™) Z (tr [¢" (VB[ (I8 (OB (E (' )s } )
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)

{
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> (e {16 VPN BT S W s I vIE (u)vs |
{
{

TThTiTe ¢ YN s [T IE (u)s | )

37T d
TRRTUSTS
T3 To’-rc b

— T > (tr {1¢"NEIsC PO TN (0 ) vs )
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™ (
™ (
e (rererers
(
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Zp/Zs — Numerical analysis in progress ...

..., cross-checks under way and, hence, numbers indicative only!

1

0.9 |

0.8

0.7

0.6 |

0.5

0.4

03

0.2

i Zp/Zs
- = 1-loop PT

0.1
1.55

1.6

1.65

1.7

80’

1.75 1.8 1.85
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Summary & Outlook

v Preliminary results for ¢y and Zy in Nf = 3 QCD, based on
imposing improvement and renormalization conditions
(derived from chiral Ward identities) at constant physics
— 2-do’s:

o Finalize the analysis
o Investigate possibly large autocorreation times in individual
pieces contributing to the cy—estimatorat L/a = 24, 5 = 3.81

o Estimate systematic effects, such as the uncertainty due to
deviations from the LCP, via including a further ensemble with

L/a=16,0=3.47
v Strategy for a non-perturb. computation of Zp/Zs along similar
lines exists, evaluation of correlators and analysis in progress
@ Determinations of by, bp — bpand Z = Z}—AZ” for the "CLS"
S-range, employing the same Ny = 3 SF ensembles
— next talk by Giulia Maria de Divitiis
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