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chiral extrapolation and FSE

Example : charge radius of the nucleon
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[D. Renner, QNP 2012]
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continuum limit scaling
» fix the “physical situation” at a reference point:
ie. forevery value of go, fix  (Lp)leer, (MY /p)lcer

» study the dependence of R = % on the lattice spacing  via ap

RL = Reont + A2 (O/))2 Tt

RL = Reont + NP+ ..
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A T —
continuum limit scaling

» fix the “physical situation” at a reference point:
ie. forevery value of go, fix  (Lp)leer, (MY /p)lcer

» study the dependence of R = % on the lattice spacing  via ap

RL = Reont + KE (G/))2 +
RL = Reont + NP+ ..
example :

» N; = 2 Wilson twisted mass sea quarks

me=my =My
» tree level Symanzik (1Sym) improved gauge action
B =3.80, 3.90, 4.05, 4.20

> scaling variable : p = 15"’

» measurements of dO = am, and r/a
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» reference point: Lp = L/ihp =~ 4.5 @rg)

m%/p=mfn ~0.11 [ETMC, 1010.3659]
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continuum limit scaling

» fix the “physical situation” at a reference point:

i.e. forevery value of gy, fix (Lp)|rer (mg)/p)\ref

» study the dependence of R = % on the lattice spacing via ap

OL = Ocont + A202+-~-

illustration :

> O=mf: OR  ~4MeV

cont ™

» What value of a is needed to have O(a?) effects at 5% level?
for A ~0.3GeV ~» a~0.02fm... ... topology freezing

» Then, what level of cutoff effects are expected at a ~ 0.075fm?
for A~0.3GeV: A ~4MeV  ~  ~ 100% O(a) effects
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continuum limit scaling : N =2
plag. gauge action + Wilson NP csw tISym gauge action + Wilson twisted mass

1.35 T T T T
0.7 o strategyl | |
% x  strategy?2
QN linear
0.65 42 : ¢
B
~; 0.6
S
0.55
0.5
0 1 2 3 4
2 -3
FK x 10
M /fc fixed;  Fx = afg m5 fixed
a = 0.075fm : deviation from continuum limit  ~ 28% ~ 8%
R = Reont + N2 P : A~ 1 GeV ~ 0.7GeV
quark MaAss PAPErs : [ALPHA, 1205.5380] [ETMC, 1010.3659]
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actions

lattice actions

S:SQ+Sf
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gauge action

4 4
S = gz (1-801) > (1=Retr (Ux))) + 60 > (1= ReTr (u37,))
X n<v HFV
e Wilson plaquette: by =0
e flISym: by =-1/12 (Nt =2)
e |wasaki: by = —0.33

Ne=2+T1+1
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Wilson twisted-mass LQCD

» Lattice fermionic action for the light u, d quark doublet Ne=2

[ALPHA, Frezzotti, Grassi, Sint, Weisz, 1999]

- o [© — .
S’t:mL =4 Z x(x) ['yHV“ — rEVuVH + Mo + ivsT3 ;L[]X(X)

axial rotation of the quark fields:
@;szexp[—ii'ysm}w, r&ai’:@ﬁexp[—/‘i%m]
2 2

twist angle : tan(w) = py /(My — Mer (1))

. _ 2 2
quark mass : Mg = M/,‘,R+mf?

P> maximal twist: w = 7 /2

e untwisted quark mass: mg =My — M =0
e twisted mass: pe = Mo
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Ne=2+1+1

P Wilson twisted-mass action at maximal twist

> light mass degenerate 1, = (u, d) doublet : Ny =2

. ax
= 1 {Wu w — ivsTs <*f§V}LV;‘ + m0> + W} e
> heavy mass non-degenerate i, = (c, s) pair: Ne=1+1

_ . ) a_.
Stm = p [V}J,V“, — Ivy5T (—I’EV*LV“, + mg) + po + /L573:| Yn
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Ne=2+1+1

P Wilson twisted-mass action at maximal twist

> light mass degenerate v, = (u, d) doublet : Ne=2

- - ) a_.
Stzm = ¢ {'Yuvu — Ivs73 <—TEV“VM + mo) + /1,[} L)
> heavy mass non-degenerate i = (¢, s) pair: Ne=1+1

- . ) a_.
Sgn = p [’y“VM — ivsT <—TEV“VM + m0> + po + /1,57'3:| (s

properties :

» automatic O(a) improvement of physical observables at maximal twist
[Frezzotti & Rossi, 2003]

» in the light-sector, u, acts as an infrared cutoff
drawbacks :
> O(oz) breaking of parity and isospin : m_ 1+ and m,.o

> O(o2) contamination from mixing of different parity/flavour states : charm sector
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actions Gauge MA OS

Ne=2+1+1

P> Wilson twisted-mass action at maximal twist

> light mass degenerate v, = (u, d) doublet :

. ax
= { Yu Vi — ivs73 (—fEVuVH + mo) + M} Yy
> heavy mass non-degenerate i, = (c, s) pair: Ne=141

_ - ) a_.
St = Un [wvu — IysT1 (—fgvuvu + mo) + po + uaTs] Ph

» renormalised quark masses :
mg = ]/Zp He
s =1/2 (po —2Zp/Zs 115 )

e =1/ (po +2/Zs ps)
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actions Gauge MA (

lattice actions

» Sheikholeslami-Wohlert term : csw
» smearing in the covariant derivative : reduce the short-distance roughness of gauge fields

» stout smearing

[Morningstar & Peardon, hep-lat/0311018]

UL 00 = 9“2 U, ()

o Q,(x, p) built from staples

traceless, Hermition

e differentiable ~~ HMC

» HEX smearing

» iterations : extends the coupling of fermions
to gauge links over a larger region
[Hasenfratz & Knechtli, hep-1at/0103029]
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actions etoll

mixed actions

» different lattice fermion actions in sea and valence
» eigenvalues and eigenvectors of Dgea and Dy, differ

» unitarity is broken and recovered only in the continuum limit

» study unitarity violations :

e continuum-limit scaling

e xPT for mixed actions [Bir, Rupak, Shoresh, 2003]

motivation :
» profit from better properties of valence action (symmetries)
» many examples

e Ginsparg-Wilson valence quarks
e variants of same type of action in sea and valence:

Osterwalder-Seiler valence quarks on twisted-mass sea ...
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actions sauge MA OS

mixed action: OS valence quarks

» Osterwalder-Seiler (OS) valence quarks are the building blocks of

twisted-mass valence quarks at maximal twist (Mtm)

» individual valence flavour ¢
- = a_ . ,
Sos = Xr(X) [YuVu + o ViVt Mee(r=1) ) + ipevs I | xr(X)

[Osterwalder & Seiler, 1978]

» Mtm corresponds to a pair of OS fermions with +r; and —r¢ [0S, Mtm]
» benefits :
e O(a) improvement with the same ki as Mtm [Frezzotti & Rossi, 2004]

e Mtm and OS fermions share the same renormalisation factors :
matching is simplified

e Bx: O(a)improved and absence of mixing due to breaking of chiral symmetry
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actions sauge MA OS

N = 2 . mixed action OS valence quarks

continuum limit scaling

i f
45.0 _ 170 — — : :
m,fg(OS.\Il‘m) unit. —e— _ fps(OS, Mtm) unit. —e—
10.0 | mpg(0S) mixed —a— | 165 ¢ frs(OS) mixed —m—
35.0 | +/ -
30.0 | A |
25.0 + R
200 [ 1
15.0 . . . . L )
0.000 0.001 0.002 0.003 0.004 0.005 0.000 0.001 0.002 0.003 0.004 0.005
2

(afo)?

[ETMC, 2010]
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phase sfructure of
Wilson fermions

(07 mQ)




choice of the gauge action

»  Wilson-type fermions have a non-trivial phase structure [Acki; Sharpe, Singleton]
» The strength of the phase transition depends on details of the action

e Qluonic: by

e fermionic: Cq, SMearing
» Implications

. ! o . d—point
e Foragiven a, simulation is safe if mg > mE47PoR) 23

e Simulations at the physical point require sufficiently small a
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phase structure : Aoki phase ¢, >0

[S. Aoki, 1984]

3202
o = — f2°(2wg+vvg) .
M+ a) I
oz:i(Jr)nwm//aZ e S
16 [2W] + W| &2 o I
o f? «
B8 = [ NH/OQ 3 L) = T )4 3

1612w, + W &2 e

[Sharpe & Wu, 0407025]
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phase structure : first-order scenario ¢, <0

[Sharpe, Singleton, 1998]

32W2
= - f20(2W6’+W8’) ;
m+ a) f? R A
a = (+7)A ~m ]
16 2W) + W |62 e
~ £2 -0 - T -0 0
ff 2 Qa
= — ~ a 3 ) 1 1 2 3
b= aw v wie ~ M s _% o
”’..'1‘,/'2,"“2‘ //I’{“/Q’/"‘{Q‘
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[Sharpe & Wu, 0407025]
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phase structure : first-order scenario ¢, <0

[Sharpe, Singleton, 1998]

32W2
C = — f20(2wé+Wza/)
o 3
f2
w= Mrar —_~m /P S S
1612w, + Wj[&? e
A £2 - - - - - - - -
af 2
= = o~ a - . «
b= W rw@ n/ D % S

PCAC mass, mu=0,.01,.015,.025
0.03

0.02
0.01

[Sharpe, 0509009]
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Aoki

choice of the gau
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Wilson yPT
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WxPT L Mpg

Partially Quenched Wilson yPT (PQWPT)

power counting : Mg ~ pug ~ a?A3 LO: my, e, P?, 2
» chiral Lagrangian
r ity _ B t t
Ly = Esn(auza‘; ) - TStr(M T+3m)
2 : 2
—&w, [sr(z+2h)] - & w [sr(z-x')]
— & W] str (22 + [zT]Q)
[Sharpe, Singleton, 1998; Sharpe & Wu; Miinster; Scorzato, 2004]

> M:m§+i7'3u§ a=2Wpa
> Identify observables which depend on W g ...
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WxPT £ Mps

Partially Quenched Wilson yPT (PQWPT)

power counting : My ~ g ~ A3 LO: my, e, P*, 2

» pseudoscalar meson masses at LO

/\/Ifri = 2Bope [maximal twist]
Mo = 2Bopg — 80” (2w} + wy),
Mfr(ﬂv() = 2Bopp — 80° wj

[Sharpe & Wu; Miinster; Scorzato, 2004; Hansen & Sharpe, 2011]
a= 2Wpha
128w

Mey — M-y = —a - (W, + W) = 4cd®

LA

‘s (k=6,8)
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WxPT

contraints on Wilson LECs

> For any flavour non-singlet meson X:  |CP| < |CO| ~ My > My
[Weingarten, 1983]

therefore Moy > M+~ W; <0

[Hansen & Sharpe, 1111.2404]

» Consistent with ~s-Hermiticity argumentin  e-regime
[P. Damgaard, K. Splittorff and J. Verbaarschot, 1001.2937]

[G. Akemann, P. Damgaard, K. Splittorff and J. Verbaarschot, 1012.0752]

» N;=0 ~ Aokiphase
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Wilson LECs
Wé/),8 & Co
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. !
MPS ' 6,8

e laffice action: Wtm Ny =2+ 141 + Iwasaki gauge action

10 — T T T T T T T 55 T T T T
N . ;
SHl——=—")n Iwasaki, Ny =2+1+ 1 50 F Lja =32,
0 el Lja=24,
Lja=24,
5L B 40 | L/a
-10 | B 35+ Lja=
~ ) Lja=
15 1 1 30 - (s.¢) L/a
20 L . 1 25 L
-25 & ¥ . *EE % o & % g 20 - m ﬁ
. - @
B0F Lja=32, B=190 -m 1 15 (TR
35 | Lja=24, p=s J 10} j
(s,c) Lja=24 el -
0 L # 1 50 ]
Lja @
45 L Lja O q 0
/,
50 | L/a S 21 5| . 2
(s.c) Lja= £ —— (roMy+) Iwasaki, Nf=2+1+1 (roMy+)
55 L L . L . h . . J10 L . 1 . . . . .
00 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14
[G.H., K. Jansen, C. Michael, K. Ottnad, C. Urbach, 1303.3516]
2 2 a2 1 2 2\ a2
My — M,y = 8dw; 3 (Mﬂw - M,ro) = 8’ w,
signs of Wég . consistent with [P. Damgaard, K. Splittorff and J. Verbaarschot, 1001.2937]
[G. Akemann, P. Damgaard, K. Splittorff and J. Verbaarschot, 1012.0752]
[M. Hansen and S. Sharpe, 1111.2404]
[M. Kieburg, K. Splittorff and J. Verbaarschot, 1202.0620]
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6.8

Mps : Ag

e laffice action: Wim Np =2+ 141

40

(M, +r0)? = 0.55

+ lwasaki gauge action

M2 \/;:”(‘>7.‘= =

2 2 2
Mis — M. = 80" wg;

r M? —M?,
< e ) e =
8 8 °
% L] L]
Iwasaki, Ny =2+ 1+1 (u/m)2
. . . .
0 0.01 0.02 0.03 0.04
[G.H., K. C. Michael, K. Ottnad, C. Urbach, 1303.3516]
1 M? M2, = 8P w,
2 (05¢) 70 ) =
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WyPT LECs : o

e laffice action: Wtm Ny =2+ 1+ 1 + Iwasaki gauge action

Iwasaki, Ny =2+1+1

P S Y G T
- { %ﬁ j

S Lja=32, f=190 -m 1

0L Lia=24, f=190 = ]
(s,c) Lja=24, [ el

-12 ¢ L/a e 5 - 1
L/a=24, §=195 ron

4l ) ’ ]
L/a =48, e

16 L (s¢) L/a

L L
0.0 02 04 06 08 1.0 1.2 14

(Mﬂ_i rg)2 ~ 0.55 [G.H., K. Jansen, C. Michael, K. Ottnad, C. Urbach, 1303.3516]
2 2 2 128 Wg ! / 2
Mo — M 4 = —q = W, + Wy) = 4ca
data is consistent with ¢, < 0 [Sharpe, Singleton, 1998]
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WyPTLECs : W/, ¢

laftice action: Wim Ny =2+ 1+ 1 + Iwasaki gauge action

W o wy W (BW5)
syst. 294 —[571(32) Mev]* -0.0138(22)
w, 15 wg W, (W)
syst. +1.7(7) +[502(58) MeV]* +0.0082(34)
on Co —2 (W, + Wp) (5WY)
lin. 112 —[444(28) MeV]* -0.0050(10)
cst. -2.3() —[541(24) Mev]* -0.0111(10)

Benasque, 20-06-13 G. Herdoiza Determination of LECs of WxPT



. !
MPS ' 6,8

e lattice action: Wtm Ny =2 + 1ISym gauge action

10 T T T T T T T 55
M2, -M?
5t (*7) I t1Sym, Np = 2 50 |
0 15 4
-5 - 1 10 4
10 b 1 35 4
15 b 1 30 - 4
-20 é 4 25 b —
25 b 1 20 - * 4
30 b 1 15 gy ﬁ] : 4
=35 + Lja X g 10 —% 1
Lja =24, -
A0 La=16, ] o )
45 - L/a =32, 1 0
50 L L/a=20, N 5l |
Lja =24, (roM+)? tISym, N =2
55 L . . ! 10 L A | . . .
0.0 02 12 14 0.0 02 04 06 08 1.0

[G.H., K. Jansen, C. Michael, K. Ottnad, C. Urbach, 1303.3516]

1

My — Mi(o,c) = 8c’wg ; 5 (Mi(gyc) — Mio) = 8’ W,
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6.8

Mps : Ag

e laffice action: Wtm Ny =2 + 1ISym gauge action

. .
M2, —M?, .
40 b <J‘2—L> rd, B=3.90 -
e B =4.05 o
Moo "Mio\ 4 5 _ag
a0l Moo Moo )t 3= 3.90 v
o | E& B=405 -0 |
20 i1 p
15 & E
10 + g
5L 4
tISym, Ny =2 Mg L
0 . . . . .
2.0 2.5 3.0 3.5 4.0 4.5
(Mﬂ_i rg)2 ~ 0.55 [G.H., K. C. Michael, K. Ottnad, C. Urbach, 1303.3516]

2 2 2
Mis — M. = 80" wg;
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WAPTLECS : ¢,

e lattice action: Wtm Ny =2 + tISym gauge action

tISym, Ni =2

&
—
—
=

8L 4
10 b 4
212 b J
Lja=32, 3.90 -l
-14 4, B =390 = 1
16l B =4.05 (roM;=)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
[G.H., K. Jansen, C. Michael, K. Ottnad, C. Urbach, 1303.3516]

2 2 128 Wo 2
I\/l,,o - M+ 2 (2W6 + Ws) = 4o,

datais consistent with ¢, < 0 ... but mass dependence is difficult to address
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WyPTLECs : W/, ¢

lattice action: Wim Ny =2 + 1iSym gauge action

w g wg W (W)
2.5(4) —[552(025) MeV]* -0.0119(17)
w, 15 W W (W)
+1.0(8) +[443(138) Mev]* +0.0049(38)

Benasque, 20-06-13 G. Herdoiza Determination of LECs of WxPT



Witm with cloverterm: Ny=0

P [ALPHA, P. Dimopoulos, H. Simma, A. Vladikas, 0902.1074]

observed for Ny = 0 13 T T T
:_‘: & Ref.[13] } ]
1 | o Refil14] |
0of | " this work 1
_ 08 { 3 ]
< o1 ]
o 06 —
i“ 05 s ]
P i ]
02 x =
01 - ]
o ]
< lU 0. (Jl‘IS 0. (‘YUS 0. l)ll75 ujm 0. U‘l 25 0. L‘)IS 0. U‘I75
P> tune csw to minimize the (connected) mass splitting? @)
> Ny=0 8=60, n/a~54, auqg =0.0135
M2y — Mf,(o,c)) B = Ac(a/n)

Csw K oY ref.

0 0.157409 —24 [XIF , 2005]

1 0.145550 —11 [P. Dimopoulos, G.H.]

1.769 0.135196 -7 [ALPHA, 2009]
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WxPT LECs : Wy

8,

6

T T T T T
4-stout Iwa. Ny =4 —a—]
Iwa. Np=2+1+1 HEH - Iwa. Np=2+1+1
l-stout Iwa. Nf=2+1+1 @] ® l-stout Iwa. Nf=2+1+1
tISym Ny =2 | A tISym N¢
HYPya tISym Ny =2 A
plag. Ni=0 | |
csw tl. plag. Ny =0 ]
csw NP plaq. Ny =0 i
e N
-30 -20 -10 O 0 10
mass-splittings related to Wy (left) and W/ (right)
[G.H., K. Jansen, C. Michael, K. Ottnad, C. Urbach, 1303.3516]
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WyPT LECs : o

e |attice action: Ny = 2 Wilson NP O(a) improved

e S-wave w-7 scattering length, | = 2

+ Wilson plaquette gauge action

M 3M2 +12c,0° . M2
My = — —= |1 al In—= + O(a’, m
0 167F2 [ + 32m2F2 2 +ola,m
2c,0° MNe,d® — 2M2 MP
- 1 T h—= 4+ O(a’, m
16mF2 [ + 1672F2 i3 + O )
F7, F6, E5
04l | ]
02} | _ ]
. T
rpacc; 0.0F— = ——
-0.2f | ]
_04 i 1 ALPHA, Bernardoni, Bulava, Sommer, 1111.4351]
00 02 04 06 08 10
romz
a=0.065fm: 2?0, %005 ~ o~ [520MeV]*
extension 1o PQ case [nansen s Sharpe, 1112.3998]
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ov/Wim

overlap valence quarks on

N; = 2 Wilson twisted mass
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N; = 2 ensembles

ETMC ensembles

o tree-level Symanzik improved gauge action e Wilson twisted-mass at maximal fwist

[ALPHA, Frezzotti et al.,2001; Frezzotti & Rossi,2003]

e a = {0.045, 0.055, 0.070, 0.085} fm
B = {4.35, 4.20, 4.05, 3.90}

o Mps = {350, 440} MeV e L = {1.35 175 2.05}fm
350 440 MeV 350 440 MeV
0.25 0.4
0.20 ‘ == =) 4 1.35fm
H B {0085m 03
0.15 o4 0.070fm = 1 L75fm
: - =y 1 2.05fm
= 2] 14 0.055 fn = 02
0.10 =] 0.045fm
0.1
0.05
0.00 0.0
00 02 04 06 08 10 12 00 02 04 06 08 10 12
Mps o Mps o
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Neuberger overlap valence fermions

e Massive Neuberger-Dirac Operator e Ginsparg-Wilson relation
O(a) improved
1 amgq —1/2 °
Doy = a( - T) (1 — A(ATA)TY ) + mgq e exact chiral zero-modes

A= (1+5s) — aDy, [s| <1

e HYP-smearingin A o locdlity : ||Dov|| o €~ 7!l
100000 T T T T T T T 0.18 T T 0 []'()7 9 T

: 0.16 | 007(9) -~ .
— 1 q 0.14 g 4
= My
2 e 012 | " <
S ., o
2. 1e-05 | ., ] = 01} ]

% g, =, ) .

: .. = 008 | = :
= 1el0 | - = 0.06 | L ]
QS B=23.90 —a— 0.04 | ]
=] b oB=405 .

le15 b 5~ 1o ] 002+ _ - 1
B=4.35 0f-t
13’20 1 1 1 1 1 1 1 ,002 1 1 1 1 1
0 05 1 15 2 25 3 35 4 0 0.02 0.04 0.06 0.08 0.1
x| [fm] a [fm]
a = {0.045, 0.055, 0.070, 0.085} fm
[K. Cichy, V. Drach, E. Garcia Ramos, G.H., K. Jansen, 1211.1605]
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Wi, Wes
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MAXPT L Mpg W

mixed action PQ yPT (MAPQyPT)

power counting: mqg ~ pg ~ o? LO: mg. pq. p?.
» mixed action : overlap/Wtm

» O(d?) contribution to the chiral Lagrangian

L[] = =& W(Px" + 3Ps)’ — & W/(PT — EP5)* — & Wi (T Pex! + TRERs)

— & Wy <Pszpszf>

[Sharpe, Singleton, 1998; Bdr, Rupak, Shoresh, 2003; Sharpe & Wu; Miinster; Scorzato, 2004]

> Wy, is the extra LEC at O(a?) for Ginsparg-Wilson valence quarks

> Xsea = 2BO(’T)O,sea\ + iTSUq) a= 2Woa
ms = g
my = mg

» |dentify observables which depend on Wg,s , Wy oo
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mixed action PQ yPT (MAPQyPT)

power counting: ms ~ m, ~ a? LO: ms,.my.p?, A%

» pseudoscalar meson masses at LO
l\/lft = 2Bymy [maximal twist]
M = 2Bym; — & %f @W, + wy)
M2, = 2Bom,
Mg = Bo(my + my) — & % (Wi — 2W;) = Bo(my + my) + o° Amix

[Sharpe & Wu; Miinster; Scorzato, 2004; Bir & Furchner, 2010; Ueda & Aoki, 2011]

a= 2WOCI
> A
1 16 W2
Mis — 5(Mpy + ML) = A = o = (Way — 2W5)
>
128 W2
M; — ML = 4cd® = —d 0 2w, + W)

f2
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Mps: Wy —2W, and W +2W,

o Wy —2W; from My, My, Mys

(M) 1} s
(MZy + M3)r3 —e—

| M

‘o
%*g

.
[
[
2 F 0"
o
oo
1+
mg r‘U:

) . . . .

0.00 0.05 0.10 0.15 0.20
Benasque, 20-06-13 G. Herdoiza

0.20 :
(War — 2W5) r§ W

0.15 - B

0.10 - 4

i

0.05 B

Mg To
0.00 L L L
0.00 0.05 0.10 0.15

Mpstp = 0.8; L/rp=3; a=0.085fm
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Mps: Wy —2W, and W +2W,

o Wy —2W; from My, Myv, Mys

o

‘ (2;‘\135)7";‘, »—.—<‘ ‘
(MEy +M3)r —e—
4b ]
ﬁ [
HHH ;‘Q#
2 b H QQQQ ]
o*t
seet’
1} ]
’”q"u:
((J) 00 0.05 0.10 0.15 0.20

Benasque, 20-06-13

G. Herdoiza

0.20 T T T
(War = 2W) r§ Wg
0.15 - B
0.10 % } } } + % +
0.05 B
mg o
0.00 L L

L
0.00 0.05 0.10 0.15

Mpsfp = 0.8; L/rp=3; a=0.065fm
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determinafion of Wy, —2Wg

>
>

>

W, for Ny =2 Wilson, tiSym

2Wy — W) >0

[B&r, Golterman, Shamir, 2011]

! 1/4

comparison A /-

ov. on smeared-clover : 861(90) MeV

domain wall on stagg. : 678(13) MeV

ov. on domain wall : 416(27) MeV
Cichy, V. Drach, a Ramos, G.

H

K. Jansen,

G. Herdoiza

1211.1605]

)67(15)
a = 0.085 fm L
Mpg = 440 MeV -
a=0.070 fm ——
a = 0.055 fm —.
0.00 0.02 0.04 0.06 0.08 0.10
(War —2W5) (r§W5)
951 (54
a = 0.085fm .
Mpg = 440 MeV
a = 0.085fm
Mps = 350 MeV
a=0.070 fm —.—
a = 0.055fm -
. |
800 1000
AN MeV]
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[0

mixed action PQ XPT (I\/IAPQXPT)

power counting: ms ~ m, ~ od LO: ms.my. p2 Ned

» non-singlet scalar correlator (mixed action) af large euclidean time

w Bg e~ 2Mst e~ 2Mwt o
Calh) = 55 e T W (M +c12 W(] +wa))} + Ae™ M

[Golterman, Izubuchi, Shamir, 2005; Bir & Furchner, 2010]

for maximal twist

at the matching mass M4+ = Myy

» combining measurements of pseudoscalar masses and scalar correlator  ~» WS’ , Wy
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Sca
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CYV(#) :

Sca

Benasque, 20-06-13

Wiy + 2W,

0.015

0.01

0.005

VvV
Csca ®
o

-0.005

-0.01

-0.015
0

data —e—

full fit ——
a0

DP ——
SP VW
SP VS

[K. Cichy,

G. Herdoiza
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12 16 20 24
t/a
Mpsip = 1.0; L/rp=4.6; a=0.08fm
/. Drach, E. Garcia Ramos, G.H., K. Jansen, 1211.1605]



MAXPT L Mps W, g&Wy; Cscalf)

defermination of Wy, and W4

Mixed action : overlap on Ny = 2 Wtm with tISym

> A4 = 951(54)MeV = 16W2 Wiy

> wy = 901(65)MeV ) 16Wf§2Wk’

> w, = —528(51)MeV w, = —f5— (k=68
> SW2 W, = —0.0064(24)

> SW2w; = —0.0127(08)

[subtracting zero-modes]

» systematic effects :
, larger volume
> wy = —552(25)Mev higher orders in MAxPT and WxPT

Unitary action: Ny = 2 Wim with tISym

> SWRW, = —0.0119(17) zero-mode subtraction in CYY (1)
ofher observables

> SWZW, = 0.0049(38)

> W /W = —0.4(3) [w.rt. 1/Ne]
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spectrum of
Wilson Dirac operator




Dy et

stability of simulations with Wilson fermions

(a) phase structure of Wilson fermions : ¢, is a LEC of WxPT
~+ Aoki or Singleton-Sharpe scenarios in LCE region

(b) distribution of Apin Of v5sDw

» similar conclusions from (a) and (b)

T T T T T T 18

)| 1 L ‘
E 16 o\Vla

02

0.1

0 n |

0.1 4 L
r 0.6 -
[y DA, I | I L
0 5 10 15 20 25 30 0.4

w[MeV] ’ A A, A A B B, G D

[CERN-ToV, 2005]

» CP-PACS & JLQCD with Ny = 2 + 1 Clover + lwasaki : 0.5 < J\/V/Cl < 0.75
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Dy et

Witm at maximal twist

> Amin Of DfyDw + 1}

> Np=4 B=1.95 au=0.0085 L/a=24

Histogram of ev_min Histogram of ev_min Histogram of ev_min

o000

saam

a0

o 1000

» close to maximal twist, the distribution of
Amm Of Df, Dy Is not Gaussian

» is the width of Ay, useful to monitor the stability?
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Dy

Witm at maximal twist

» close to maximal twist, the distribution of

Amin OF Df, Dy is not Gaussian

example from Ny =2, 3 =3.9, L/a=24

examples
> N =2
10
3 =380 ¥
Vop2V/a 3=3.90 ¥
=405 ¥
08 - 1
06 - 1
*
*
04 b « 1
*
* *
*
0.2 ¥ B
0.0
ensemble
G. Herdoiza

0.6

Densiy
06400 10405 20405 30408 4005 56106
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(c-s)-doublet :

> u2 > 5 = det(

SN ART

sign of det(D[1, ) is controlled by m; ..

Dh

Dh

tm

»  Amin Of QhT Qn where

N

det

det(DL,)

tm

ms

)>0

& = 573D,

/20 (1o — 20/ 25 p1s)

h
m,eo

= Dw[U] + mon + ipoysmi + ps7s

[Frezzotti, Rossi, 2003]

.it is therefore, in practise, positive

0.040 T T T T T T T T T
5 = 0.1970 —m—
0.035 1 90 115 = 0.1900 —S— E
90 1 J15 = 0.0900 —%—
3 =1.90 15 = 0.1200 —a—
0.030 b/ 95 s = 0.1700 —S— * B
3 =2.00 15 = 0.1600 —m—
B=210 15 = 0.1385 —e—
0.025 F =210 pg =0.120 p5 = 0.1350 —— B
0.020 | R
0.015 | R
0.010 - & 1
°
0.005 1 . R
®
0.000
-0.005 . . . . . . . . .
000 0.0l 002 003 004 005 006 007 008 009 0.10 [PRELIMINARY]

(o — Zp/Zsps)? x 13

G. Herdoiza Determination of LECs of WxPT



Dy det

(c-s)-doublet :  det(D))

Dy, = DwlU] + mon + ipoysTi + 573 -
ms =1/2 (po — Zp/Zs p1s) L/a =32

> i Of QT Q,
» spectral gap
> width o< 1/L

[Del Debbio et al., 2005] o

Lja=24
B =1.90; a~ 0.086fm
& = 0.163270 i
au = 0.004 ;
e = 0.15; aus = 0.19
L/a=20
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Dy det

Spectrum

» N; =0, fixed topology (e.g. v = 1), powercounting: m ~ a?

distribution of the single real eigenvalues of Dy, has a width

VvV 802W5
V'V

[G. Akemann, P. Damgaard, K. Splittorff and J. Verbaarschot, 1012.0752]

200 — Ev_real 2635_16_HYP_cl_QlandQm1
16_HYP_QlandQm1

1501~

50—

A I L

0005 01 005 02 025 03 035 04 045 05
w

ak

[P. Damgaard, U. Heller, K. Splittorff, 1301.3099]

» mode number [L. Giusti, M. Lischer, 2009]

A

[S. Necco, Shindler, 2011]

[ETMC, K. Cichy, E. Garcia Ramos, K. Jansen, 2013]
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conclusions

> O(a?) cutoff effects in the light-quark mass regime
can be large for Wilson fermions
» determination of Wilson xPTLECs can be useful :
» estimate expected size of cutoff effects

» identify a lattice action with reduced O(a?) lattice artifacts

» combined fits of mass, volume and lattice spacing dependence
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