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Outline

Outline

@ Simulations with fwisted mass fermions at maximal twist

¢ dynamical quarks: Nr = 2 degenerate light flavours

¢ physical masses: m, ~ 300 MeV

¢ confinuum limit: O(a) improvement

¢ large volumes: L>2fm
@ Use of x-PT:

¢ quark mass dependence ~ low-energy constants
¢ finite volume corrections

@ Determine fundamental parameters of QCD :

Mg, (QQ). ...

@ Outline:

setup

light-quarks sector
strange-quark sector
charm-quark sector
baryons

form factors

L 2 2 2 2 2 4

G. Herdoiza Chiral regime using Ny



Setup Simulations Analysis fechniques

Simulations 3 lattice spacings

Jé] target @ (fM) BT target L (fM) ap Niraj o = 0.9 target Mps (MeV)
4.05 ~0.066 32°.64 2.2 0.0030 5200 ~ 300
0.0060 5600 ~ 420

0.0080 5300 ~ 480

0.0120 5000 ~ 600

243 . 48 1.6 0.0060 3000 x 2 ~ 420

20% . 48 1.3 0.0060 5300 x 2 ~ 420

3.9 ~ 0.086 24° .48 2.1 0.0040 10500 ~ 300
0.0064 5600 ~ 380

0.0085 5000 ~ 440

0.0100 5000 ~ 480

0.0150 5400 ~ 590

32%. 64 2.8 0.0040 5000 ~ 300

3.8 ~0.100 24°.48 2.4 0.0060 4700 x 2 ~ 360
0.0080 3000 x 2 ~ 410

0.0110 2800 x 2 ~ 480

0.0165 2600 x 2 ~ 580

20% . 48 2.0 0.0060 4000 x 2 ~ 360
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Setup Simulations  Analysis techniques

Correlators analysis techniques

@ quark propagators : stochastic sources to include all spatial sources

change the location of the time-slice source : reduce autocorrelations

@ set of interpolating operators (7 : P59, YyoysTIY, Pygmy ) and
smearing

@ autocorrelation times  rint :

B target @ (fmn) au Tint (P) source Tint (OMpcac) Tint (QMps) Tint(Ofps)
3.9 ~ 0.086 0.0040  47(15)  random 23(05) 6(T) 7(M
cyclic 60(24) 7(1) 13(4)

0.0085 13(3) cyclic 66(27) 10(2) 11(2)
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Light xPT Single-fit Comb. Cont. LEC FSE mg (g

light-quarks sector

My fr
LEC of vPT

mu,d <QQ>
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Light xPT Single-fit Comb. Cont. LEC FSE mq

Charged pion: decay constant and \PT fits

Pseudo-scalar decay constant:

2p
fos = 5| (0IP"(O) )|
PS

@ obtained from exact lattice Ward identity for maximally twisted mass fermions
@ no need of renormalization factors : Z» = 1/2Z,
chiral perturbation theory (xPT)

@ Use of continuum xPT to describe the dependence on :

4 themass p
¢ finite spatial size L

@ Simultaneous fit fo Nf = 2 xPT at NLO (Gasser, Leutwyler, 1987; Colangelo et al., 2005)
1 . 2
MEs(L) = 260 [1+ 3601(N)] 1+ €2/
fs(L) = [1 — 2651 (N)] [1 = 2¢In(2Bon/A})]

where ¢ = ZBOH/(zhrfg)2 , A= 2Bpul?, fy = V2F, d1(X) is a known function
@ fit parameters: By, fy, As and Ay
@ exiract low-energy constants: & 4 = log(Aj /N7, 4 )

o (’)(az) effects appear at NNLO only

G. Herdoiza iral regime using N,



Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

O(a?) effects in xPT: fes and My

Power counting for laftice xPT:

an~ oo~ n’)gr ~ p2
(’)(02) effects appear at NNLO only

[+ fﬂ_‘th:fﬂ_‘cont. + 0(02) + O(OngT)
(NNLO) (N3LO)

o mgr|th:mgr|cont. + O(o2mgr) + 0(04)
(NNLO) (N3LO)

Consistent use of continuum xPT at NLO
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Light T Single-fit Comb. Cont. LEC FSE mg (Qq

xPT fits: fps vs. 2,11 6 =4.05and 3.9

i o fps . i
0.42 * .
[ . * ]
0.38 - * -
L *x i
L " i
0.34 x 8 =405 = -
r * =39 L=24F=+1 A
i =39 L=32F= 1
0.30 —
o ”‘(JZu,u T
0.26 M R R I BT
0.00 0.05 0.10 0.15 0.20
weuseat 8 =4.05: rp/a= 6.61(3)
B=39: n/a=>5.22(2)
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Light

xPT fits: fps vs. 2,11

T Single-fit Comb. Cont. LEC FSE mgq

6 =405and 3.9

qq

i o fps . 1
0.42 -
0.38 [~
0.34 8 =4.05 ——
I =39 L=24Q=— 1
i =39 L=32F=- 1
0.30 [~ —
o ”‘(JZu,u T
0.26 M R R I BT
0.00 0.05 0.10 0.15 0.20
weuseat 8 =4.05: rp/a= 6.61(3)
B=39: n/a=>5.22(2)

G. Herdoiza



Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

xPT fits: M35 vs. Z,uu B =4.05and 3.9

Z 1A
0'0 ||||||||||||||||7:0|qu

0.00 0.05 0.10 0.15 0.20
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

XPT fits: m2q/(Z,10) VS. Zp1 3 =4.05and 3.9

13|||||||||||||||||||

:(rom%S/ZNu) f=4.05t—— ]
i =39 L=24 = |
I 3=39 L=32 o]
12 - —
11 & —
[ = Fiay g ¥
10 |- —
[ Z i
9 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 7:0 I/J(fjl
0.00 0.05 0.10 0.15 0.20
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

XPT fits: m2q/(Z,10) VS. Zp1 3 =4.05and 3.9

13|||||||||||||||||||

:(rom%S/ZNu) 8 =4.05 F——

i 3=39 L=24}—=—

[ 3=39 [ =32 =1
12 =

1|
10 |

I Zoi
9 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 7:0 I/J(fjl
0.00 0.05 0.10 0.15 0.20
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

XPT fits: m2q/(Z,10) VS. Zp1 3 =4.05and 3.9

13|||||||||||||||||||

:(rom%S/ZNu) f=4.05t—— ]
i =39 L=24 = |
I 3=39 L=32 o]
12 = —
11 =
10 | -
[ Z i
9 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 7:0 I/JI{J‘
0.00 0.05 0.10 0.15 0.20
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

xPT fits: results 6 =39and 4.05

Jé3 parameter This work [ hep-lat/0701012)
4.05 2aB, 3.88(7) -
afy 0.0404(7) -

Xfed 0.8 -

h 3.70(16) -

Iy 4.65(5) -

3.9 2aBy 4.84(3) 4.99(6)
afy 0.0528(4) 0.0534(6)

Xd 1.3 0.15

[ 3.37(8) 3.65(12)

Iy 4.60(3) 4.52(6)

@ The “physical point” au, is determined by requiring

mps/fes = 135/130.7 = 1.033 ~~» e.g at B3 =3.9 we get: apr = 0.00073(2)
@ Taking f. = 130.7 MeV, we obtain : a = 0.0858(5) fm
@ Using n/a=522(2) we get: o = 0.448(3) fm
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Light xPT Single-fit Comb. Cont. LEC FSE mg (qg

Combined fits g =3.9and 4.05

M = 2Bos [1 4 Eln(QBoﬂ//\g)}

fos = fo [1 = 26 In(2Bo/A})]
where ¢ = 2Bou/(47h)?,  fo=V2h,
@ ¢ fit parameters: (aBo)|p=s.9. (ABo)|s=a.05. (ah)|s=3.9.(ah)|s=a.05. As/fy and As/fy
@ 16data points ; higher masses (mps ~ 600 MeV) not included in the fit
@ Precise results for the LEC

B 3.9 4.05 combined

Xred 1.3 0.8 1.2

a (fm) 0.0858(5) 0.0657(11) 0.0855(5)(3) 0.0666(6)(9)
zg 3.37(8) 3.70(16) 3.44(8)(26)(6)

Iy 4.60(3) 4.65(5) 4.61(4)(3)(7)

Consistent with independent measurements:
Q@ a|p_s.9/0alp=a.05 = 1.284(14)(18) (fo/a)|g=a.05/(f0/ )| g=s.0 = 1.266(8)
@ it 2, 18=3.9/2,| p=4.0s = 1.007(17) R-MOM : Z,,|g=3.9/Z,|g=a.0s = 1.05(3)(7)
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Light xPT Single-fit Comb. Cont. LEC FSE mg (qg

Combined fits: fps vs. 2By 6 =405and 3.9

0.20 r r r T r r r T r : :
frs [GeV] B=39 =
F [ =4.05 F—— A
L ]
E
L L 4
E
0.16 | } .
. 2Bou [GeV?)
012 . . . 1 . . . 1 . \ :
0.0 0.1 0.2 0.3
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Light xPT Single-fit Comb. Cont. LEC FSE mg (qg

Combined fits: fps vs. 2By 6 =405and 3.9

105 T T T T T

T T T T T T T
[ mis/2Bop g: ggé 2:2;21 —a—|
=99 L= =

1.00 |

0.95 -

0.90 &8
2Bou [GeV~]
0'85 1 1 1 I 1 1 1 I 1 1 1 I
0.0 0.1 0.2 0.3
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

Continuum extrapolation: fpg

Strategy:
@ Bring volumes to a reference volume: Liesr = 2.2 fm

@ Interpolate data points to some reference pion masses:
mpshy = (0.7,0.8,0.9,1.0, 1.1, 1.25)
@ Estimate continuum limit by extrapolating at fixed volume:
Weighted average of data at 8 = 4.05 and 3.9

Use the coarse lattice (8 = 3.8) to include a systematic error

G. Herdoiza Chiral regime using Ny



Light xPT Single-fit Comb. Cont. LEC FSE mq

Continuum extrapolation: fpg

MegT,= (07,09, 1.1) My 1, =(0.8,1.0,1.25 )
T — T T T T 046 —— — T T T T
04 I ® [} B osr B
E 3 L E
a2~ T F 4
038 B L - b
o ) . s o ]
036 4 2 .
- “ ok [ ] o B
0341 I ® - [
[] § 0.3677 . - B
F
0321 n o ¢ -
o P S S R R N ol 1
B.01 0 001 002 0.03 0,04 005 006 b 0 001 002 005 004 005 006
Iy I,y
(alry) (alzy)
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Light xPT Single-fit Comb. Cont. LEC FSE mq

Continuum extrapolation: ur

= = 2
my1,=(07,08,09) myo=(1.1,125)
008 T L B e — T 0.6 T T — T T T T
E ¢ L3 [
* 015 ; B
i: ¢ 3
007 - - F h4
0.14— -
° o f
o I5;
006 — o3 —
H E L3 (2 T ]
¥ L
012~ B
005 b r 1—§—§—§—
o1l B
s
S L
ool L1 gl
%01 0 001 00 007 oox 005 006 001 0 001 007 007 004 005 006
2 2
(alry) (alr))
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqqg

Chiral fits in the continuum

PRELIMINARY

0.42 - -

B 3.9 4.05 combined contfinuum
o (fm) 0.448(3) 0.434(7) 0.443(5)[9] 0.441(14)
I 4.60(3) 4.65(5) 4.61(4)(3)(7) 4.79(14)
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqg

low-energy constants (LEC)

Accurate determinations of T 4 = 10g(A3 4/m? 1)

= 3.44(8)(26)(6)
I = 4.61(4)(3)(7)
Other estimates (Leutwyler, hep-ph/0612112 ; lattice 2007)
Qi
° 73 =294+24 from the mass spectrum of the pseudoscalar octet
e 5b=08+23 from MILC
e =30+05 from CERN
o 1b=349+0.12 from QCDSF
o =29405 from JLQCD
o [3=3.13+033 from RBC/UKQCD
(A
e [;=43+09 from fi/fx
o Ip,=44+02 from the radius of the scalar pion form factor
e p,=40+06 from MILC
o 1, =469+0.14 from QCDSF
e [;=43+06 from JLQCD
o [, =442+0.14 from RBC/UKQCD
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Light xPT Single-fit Comb. Cont. LEC FSE mq

7w scattering

S-wave scattering lengths a3 and o? (Leutwyler, 2007)

Universal band
 tree (1966), one loop (1983), two loops (1996)
—— Prediction (¢PT + dispersion theory, 2001)
1, from low energy theorem for scalar radius (2001)
1, and1, from MILC (2004, 2006)
NPLQCD (2005, 2007)
—— 1, from Del Debbio et al. (2006)
—— 1, and1, from ETM (2007)

-0.02

-0.03 -0.03

-0.04

-0.04

-0.05

@ radius of the scalar pion form factor :
¢ This work: (r?) = 0.637 + 0.026 fm? (statistical)
¢ Colangelo et. al, 2001 : (r?) = 0.61 4 0.04 fm?
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqg

7w scattering

S-wave scattering lengths a3 and o? (Leutwyler, 2007)
Universal band RN
o tree (1966), one loop (1983), two loops (1996) - 1
—— Prediction (xPT + dispersion theory, 2001) Phe ,’7
1, from low energy theorem for scalar radius (2001) \
1, and1, from MILC (2004, 2006) L 002
NPLQCD (2005) < 4
—— 1, from Del Debbio et al. (2006) g 8.2
—— T,and1, from ETM (2007) 1 0
DIRAC (2005) 1
—— NA48 K3r (2005) =003
—— E865 Ke4 (2003), isospin breaking accounted for ]
~ -~ NA48 Ke4 (preliminary) isospin breaking accounted for ]
—— NPLQCD (2007) ]
0.04|- —-0.04
Le A
005~ —-0.05
E g
0.16

@ radius of the scalar pion form factor :
¢ This work: (r?) = 0.637 £ 0.026 fm? (statistical)
¢ Colangelo et. al,2001:  (r2) = 0.61 + 0.04 fm?
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqg

FSE : fpS and Mps au = 00040, /3 =3.9

Data shows an exponential behaviour as a function of mpslL
Study of finite size corrections:

0.068] fos 0137F E
[ a=0.086 fm 1 s ]
0.067F ] 0.136f E
0.066 E 01350 E
0.065[- E 0134 E
0.064F E 0133F E
0.063F . 0.132F ]
L=24 L=32 L=24 L=32 L=24 L=32 L=24 L=32 L=24 L=32 L=24 L=32
L=21fm L=28fm L=21fm L=28fm
raw data GL CDH raw data GL CDH
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Light xPT Single-fit Comb. Cont. LEC FSE mg (Qqq

Renormalization and quark masses

@ renormalization constants of bilinear quark operators : Zp
non-perturbatively (RI-MOM)

@ u-d quark mass:

B 3.9 4.05 combined

Qpin 0.000732(15) 0.000537(12) 0.000719(13) 0.000568(13)
Zp[MS, 2 GeV] 0.46(1)(2) 0.44(1)(2) - -
My, o[MS, 2 GeV] (MeV) 3.66(11)(16) 3.67(13)(24) 3.61(10)(16) 3.82(13)(24)
From PQ analysis: B=3.9

my,q[MS, 2 GeV] = 4.01(12)(37) MeV
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Light xPT Single-fit Comb. Cont. LEC FSE mg (gqg)

Chiral condensate (gQg)

From the xPT fits we extract:

(Gq) = ~ZpF2Bq

@ 5=390: (—(gq))'/® =266(3)(5)MeV
@ 3=405: (—(gq))'/® = 266(6)(6) MeV

@ Comparison: e regime gives at 3 = 3.90
(—(aa))!/® = 262(12)(4) Mev
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Strange Setup XxPT ms fy

strange-quark sector : partially quenched
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Strange Setup PT ms 1y

strange-quark sector : setup and strategy
@ Setup:
4 qguark masses (partially guenched)
Hsea = pts AN pya = {11, po}
e light: ns and wy €[1/6; 2/3] ms
e sftrange: w2 ~ms (and pg > py = pg)
¢ lattice spacing: g =3.9 a~ 0.09 fm
4 volume: L~21fm and mpgl > 3.2
¢ stafistics : 240 confs for each ug

¢ stochastic all to all propagators

@ Strategy:

¢ extrapolation to m, 4 and inferpolation to m;
4 experimental inputs:

e light: auy g from (my/fr)oP:
° a from (fr)=*P

e sfrange: aus from (my )P

G. Herdoiza Chiral regime using Ny



Strange Setup XxPT ms fy

strange-quark sector : mass dependence

chiral perturbation theory (xPT)

@ Use of continuum PQxPT to describe the dependence on :

4 themass u NLO (S. Sharpe)
4 finite spatial size L 1-loop (D. Becirevic and G. Villadoro)

@ fitto Ny = 2 PQYPT at NLO + “local” NNLO

§1(6s — &)In(26)  &(&s — £2)In(26)
& —& &L—&

+Clvv§f2 4F GssEg + avs&128s + Clvoffnz]

Mg (s, 11, p2) = Bo(p + p2) [1 + + avéi + asés+

fos(ps, p1, p2) = fo [1 — &15In(2615) — EasIN(282s) + G = o In (é

Ae—&)  \&
+(bs — 1/2)€s + bw&r, + bsst§ + bustraés + buogh |

) + (b + 1/2)61+

where & = Bo(pi + )/ (4mh)*, & =&  foy=Bo(m — my)/4nh)*,  fo=V2F
@ We also consider polynomial fit functions
@ 14 (combined) fit parameters: By, fy, Ay, Qs. Qyy., Ass. Qys, Qvp. by, ...
@ 300 data points: 150 combinations of quark masses (if pp > 1 = pg: 30 comb.)
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Strange Setup xPT ms fy

strange-quark sector: m3./u vs. p

49 [ e

r 2 — — 4
(am ® alg=a;=0.0040

ol @) — Polynomial Fit | |

r (ap,+ap,)/2 -~ PQChPT Fit b

42— —

e b b b e b e b e by by
40:!'000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
au,
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Strange Setup xPT ms fy

strange-quark sector : fps vs.

afPS -

0.08—

ajug=au,=0.0040
ajug=au,=0.0064
aug=a,=0.0085
aug=au,=0.0100
aug=a,=0.0150
Polynomial Fit !
PQChPT Fit

0.07—

<> ome

v b e b e b b Ly
O'%%OO 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
ajl
2
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Strange Setup XxPT ms fy

Renormalization, m; and fx

Results:

Central values: average of polynomial and PQxPT fits
with FS corrections and pp > 1 = pg

Systematic error: spread between polynomial/PQxPT and FSE

As before: renormalization constants of bilinear quark operators : Zp
non-perturbatively (R-MOM)

Strange quark mass :
ms[MS, 2 GeV] = 109(3)(8) MeV ms/mu,q = 27.3(2)(9)
decay constant :
fx = 1568.8 + 1.3 £+ 2.4 MeV fx /f= = 1.214(10)(18)
[Vis! :

[Vis| /| Vua| = 0.2275(6)(39) |Vis| = 0.2215(5)(38)
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Strange Setup xPT ms fy

strange-quark sector: m; comparison of results

1

| CP-PACS 01

| (W-Clov, a-->0, PT)
1
1
1
1

JLQCD 02
(W-Clov, a=0.09 fm, PT)

| (W-Clov, a=0.07 fm, SF)

Lo SPQcdR
1 (Wilson, a=0.06 fm, RI-MOM

Vi, G QCDSF-UKQCD 04 06
1 (W- Clov, a-->0, RI-MOM)

P ETMC 0
(TM, a=| 009 fm, RI-MOM)

o ALPHA 05
N=2

:

1
i
iVl s HPQCD-MILC-UKQCD 04-06
e : (Ks, a->0, PT)
. ! CP-PACS-JLQCD 07
: (W-Clov, a-->0, PT)

N=2+1|

= PDG 06 Average
1 (Lattice only)
1

| | | | |
40 60 80 100 120 140 160 180 200

m_ (2 GeV)
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Strange Setup XxPT ms fy

strange-quark sector : f/f, comparison of results

“‘.“
N o . o ?ﬁé’é‘v’ a-->0)
s

1

1

! f 5002 20,09 m)
I BC 04

: (DWF, a=0.12 fm)

ETMC 07
(TM, 2=0.09 fm)

MILC 04 - Lattice06
(KS, a-->0)

N=2+1

S

(DWIQ/KS a=0.125 fm)

% -PACS- JLQCD Lattice06
Clov, a-->0

V(\f -UKQCD 07
F, a=0.12 fm)

HPQCD yKaco o7
(KS, a-->0)

+

¢

PDG 06 Average

Average with the updated
i value of Vus from KI3 decays
4o O o i 4 S i G | o | LAV S ¥ A G W o e o i o Yo o B Lo

1,05 1,10 1,15 1,20 1,25 1,30 1,35 1,40

£/

I Bt

[
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Charm Setup mc fp

charm-quark sector partially quenched
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Charm Setup mec p

charm-quark sector : setup and strategy

@ Setup:
4 qguark masses (partially guenched)
Hsea = ps ANA pyal = {1, po}
e light: us and py € [1/6; 2/3] ms
e strange: H12 ~ Ms
e charm: o ~ Mc
¢ lottice spacings: 8 = 3.9 and 4.05 a = (0.07,0.09) fm
4 volume: L~21fm and mpsl > 3.2
¢ statistics : 240 confs. at 3 = 3.9 (each 20 trgj. 7 = 0.5)

130 confs. at 8 = 4.05 (each 20 trqj. = = 1.0)

¢ stochastic all to all propagators
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Charm Setup mec p

charm-quark sector : setup and strategy

@ Strategy:

¢ extrapolation to m, 4 and inferpolations to ms and mc
4 experimental inputs:

o light: auy,g from (my/fy)exP:
. a from (fr)xP-
e strange : aus from (my)e<P:

e charm: apc from (mp)exp:
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Charm Setup mc

charm-quark sector: mp ~ mc

light heavy )

lllustration of light and heavy quark-mass dependences: Mps (tsea, Hyg) s Hygg

T 1
|
L St meere® ] 12+ ! i
I e 3
: e | ‘ o
08 1 %}/,« - !
o @ i
O ] 5 1k i $ B
g S i
e an, + ey |
075 - el Infa ) i [ i 3 1
am :
I ] Y L
LA
07 ! ! ! L e L I I ! !
o Wy 0.004 0.008 0.012 0.016 0.02 0.2 025apn . 03 0.35 0.4 0.45 0.5
an, ay,
light _ heavy, _ heavy heavy
Hyg) = Hsea AMps (bygy ~ ) = A+ BOpg, ™ + C/Ahgy
heavy
Kyl ~ Y He
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Charm Setup m¢c fp

Renormalization, m. 3 =3.9and 4.05

Results: (PRELIMINARY)

@ Asbefore: renormalization constants of bilinear quark operators : Zp
non-perturbatively (R-MOM): preliminary for 8 = 4.05

@ Central values: polynomial fit
@ Ssystematic error: Zp, a, spread between polynomial/x-log fits
@ Charm quark mass :

B=39: m[MS,2GeV] = 1.481(21)(63)(8)(*2,) GeV

B=4.05: m[MS,2GeV] = 1.475(43)(62)(16)(}%) Gev

G. Herdoiza iral regime using N,



Charm Setup mc fp

charm-quark sector : fp

lllustration of light valence and sea quark-mass dependences:

light heavy
fos (Hsea, Hyar s Hyal )

T
oo
012 3 _
%x {) 013 % % =
© - ,‘/ i ©
0.1~ 2 - -
ot €At + Cyfam,, ) [ ]
o (.(7 + [/au\('u + "2““’;\(‘(rln(”p'wu)
; ap, = ap,
4 aw, = 0.25 ~ ap, ap, = 0.25 ~ ay,
0.08 [ L ol (I R N
0 0.004 0.008 0.012 0.016 0.02 0 ap,, 0.004 0.008 0.012 0.016 0.02
ud ap,, ey
light
Hyql = Hsea
heavy
Hyar =~ He
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Charm

Setup mc fp

charm-quark sector : fp

lllustration of strange and charm quark-mass dependence:

0.135
013+ q
&£
S
0.125- % q
ap,,, = 0.004, ap, = 0.25 ~ ap_
1 I
01302 ap 0.025 0.03

ap,

0.035

G. Herdoiza

f 1,s
ps (Ksea, Hyals Byal

heavy

)

0.12 -

i”2
JpsMps

372
f

0.1

a

0.08 . !

1/am ps

1.25
17am,

Gs/gfps\/mp =A+ B/Omps + C/(Omps)2

iral regime using N,




Results

Central values: polynomial fits

Systematic error: a, spread between polynomial/x-log fit
Decay constant :

B=39: fy=205(13)(3)(17) MeV
B=405: fy=230(28)(6)(6) MeV
@ mp/mp
=389 : mp/mp=1.072(13)(4)(8)
B =405 :

mp, /mp = 1.047(29)(2)(2)

G. Herdoiza

iral regime using N,

3 =3.9 and 4.05

(Preliminary)

fo, = 287(4)(3)(3) MeV

fo, = 270(4)(5)(7) MeV




Baryon Setup Nucleon x-fit A

baryon sector

G. Herdoiza Chiral regime using Ny



Baryon Setup Nucleon x-fit A

baryon sector :

@ Setup:
4 qguark masses
Hsea = Hval
e light sector: mpg € [300, 500] MeV
¢ lattice spacings: 8 = 3.9 and 4.05 a = (0.07,0.09) fm
4 volumes: L~2.1fm and mpgl > 3.2
L~28fm and mpgl > 3.7

¢ point-like sources randomly located

G. Herdoiza Chiral regime using Ny



Baryon Setup Nucleon -fit A

baryon sector : nucleon 6 =3.9and 4.05

S L L L L B
ToMmN $=39L=24 =
r B3=39,L=32}Fe
| ﬁ=4.05,L=32}—‘—<_
i .

3 . T £ i
i . ]
| (TomPS)Q-

2 1 1 1 I 1 1 1 I 1 1 1 I 1
0 0.4 0.8 1.2

@ cut-off effects appear to be small

@ finite volume effects for smallest mass value at 8 = 3.9 negligible
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Baryon Setup Nucleon x-fit A

baryon sector : nucleon y-fits

1.6 T T T T T
— : 0(p°)
14
>
(]
(&)
=z -
€ 12
- : 0(p*) SSE
10 - : 0(p*) SSE A i
--- : 0(p*/A) 6-scheme A
0.8 1 1 1 1 1
.00 .05 .10 15 .20 .25 .30
m. 2 (GeV?)
m

@ fit: fiting mp and ¢ (1-loop: O(p3))

2 3G s
my = My + C1Mpg — 32, TS
PS

@ if my is used to set the scale for B =3.9:
a(B = 3.9) = 0.0873(10)(5) fm
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Baryon Setup Nucleon x-fit A

baryon sector: A y-fits and splitting o— 3.9

(PRELIMINARY)
' ' ' ' ' ' ' ' A Iﬁ=3.90 l..;z.l fm
B 0.05 4
Ed I * [=4.05 L=2.1 fm
G 7t ’Eq l}
— i m® a=0.093(2 3 000»77?7 77{»7% 77777 ]
st R o
of i g-oosf 4
‘0 .Oll .<;z .ols .<;4 .ols .00 .<;1 .<le .ol:s .ol4 .<;5
(am_)? (am,)?
@ it : fitting mp and ¢ (1-loop: O(p*))
3 25HA

2
Ma = Mo = 4C\Mes = 3572 g7 e
PS

o M+ — Mp++  mMass splitting is consistent with zero
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Setup Pion

Form factors
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Setup Pion

@ Setup:
4 qguark masses (partially guenched)
psea = ps AN pigar = {p1, o, p3}
e light: ps and py 03 €[1/6; 2/3] ms
e strange: H2,3 ~ Ms
e charm: M2 3 ~ Mc
¢ lottice spacings: 8 = 3.9 a=0.09fm
4 volume: L~2.1fm and mpsl > 3.2
¢ statistics : 240 confs. (each 20 traj. = = 0.5)

¢ stochastic all to all propagators

¢ twisted boundary conditions

e Study : pion form factor, K3, Isgur-Wise, B — =

G. Herdoiza Chiral regime using Ny



Setup Pion

pion form factor

(PRELIMINARY)
1.0 T 1.0 . .
. © Amendolia et al.
M ~ 300 MeV *** bole dominance u o Cornell
08 | - Pe 4 08 [ %y © Bebek et al. ]
M =0t Sy = Brown et al.
Y v Jab
- bW o ETMC (M_~ 300 MeV) | |
o 06 - + } ] o o 3 ? = ETMC (M_~ 380 MeV)
o o =
Z, <, 1% i}’ o ETMC (M - 470 Mev)
w w ¥

© point-to-all (fixed source) 02 |

02
® all-to-all (stochastic source)
-0.12 -0.08 -0.04 0.00 0.0 0.5 1.0 1.5 2.0 2.5
(a0)? Q@ =-d (GeV?)
2
@ Sstatistic : 80 confs. Fle(?) = 1/(1 — 452 ?)
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Conclusions

Conclusions

Summary:

Perform a study of xPT at fixed lattice spacings and in the continuum
Smalll discretization effects

Good description of our pion data with continuum Ny = 2 NLO xPT
Extraction of LEC, mq and (gq) with good statistical precision

Study of FSE

Preliminary results in the strange, charm, nucleon sectors and WME

Setting the scale: pion, nucleon

On going:

xPT description of the data in the confinuum

Check of NNLO xPT in the contfinuum

G. Herdoiza Chiral regime using Ny



Conclusions

G. Herdoiza iral regime using



Raw data: fpg vs. Mg

Conclusions

6 =405and 3.9

i rofps " i
0.42 | * .
L " # i
0.38 - + .
L " i
L . ) i
0.34 | Y B =4.05 i ]
I ¥ =39 L=24t =1 .
: 6=39 L=32}+= :
0.30 [~ .
[ (romps)?
0.26 PR R T R | PR T S [ T ST TR TR AT T A ST SR N
0.0 0.5 1.0 1.5 2.0
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Conclusions

Setting the scale: ry vs. 1/

@ sommer parameter rp @ static inter-quark force

o 405
I O 39 7
L2l — 1 /a=6.6078(270) | |
— rfa=5.2186(191)| |
1 /a=4.4628(285)

o 380 B

0921 —

T
o 0.001 0.002 0.003 0.004 0.005 0.006 0.007
(0N

HYP-smeared temporal links, APE smeared spatial links, correlator matrix
statistical accuracy of less than 0.5%,
compatible with MZ dependence

atu — 0 B=405:n/a=0661(3) B=239:n/a=5222)
B=38:n/a=4.46(3)

¢ leeoeeo

G. Herdoiza iral regime using N,
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Conclusions
Finite Size Effects

o comparison o NLO xPT [Gasser, Leutwyler, 1987, 1988] (GL)
or resummed LUscher formula [Colangelo, D urr, Haefeli, 2005] (CDH)

Ié] mpsLl  meas (%) GL (%) CDH (%)

fes 3.9 3.3 -2.5 —2.48 -2.39
Mps 4.05 3.0 +6.2 +2.2 +6.1

fps 4.05 3.0 -10.7 -8.8 -10.3
Mps 4.05 3.5 +1.1 +0.8 +1.5
fps 4.05 3.5 -1.8 -3.4 -29

@ asinput for the parameters estimates from CDH were used

@ CDH describes our data in general better than GL
for the price of more parameters

Milos - 10.09.07 G. Herdoiza Chiral regime using Ny = 2 tmLQCD



Conclusions

Pion Mass Splitting

Flavour symmetry is broken at O(a?) = ams # amis

0.5 ————————
P2t |2 0 )2 1
L rg((mps)? — (mps)?) E
04 -
[ i @ not easy to measure:
03 F S disconnected contributions!
C 1 @ m, mlg mass splitting
L 1 vanishes like o?
0.2 -1
- 1 @ omd, < am consistent with
[ i prediction from xPT for observed
01| a phase structure
3 (a/ro)? ]
ool
0.02 0.04

at 5 = 4.05 splitting still as large as 16%, however ...
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Conclusions

Pion Mass Splitting

Expect generically large o artifacts all over the place?
@ an analysis a la Symanzik shows that
(MBs)” = M2 + & +0(a”m?%, 0%), o = (7°|L6|7°)|cont
+ \2 2 2 4
(mE)? = m? +0(a?m2, o)

@ ¢, has a dynamically large contribution:

_mg

2.2 21612 A 0IP310y —
P~ G, G = 0P = F

~ (570 MeV)?

(*] |GW|2//\éCD ~ 25 — potentially large o effects
compared fo their “natural” size a®Agep,

@ (.. enters only 7°-mass related quantities!

G. Herdoiza iral regime using N,



Conclusions

Pion Mass Splitting

Expect generically large o artifacts all over the place?

@ (.. enters only m°-mass related quantities
hence: no!

@ indeed, we find:
e splitting in the vector channel consistent with zero

e ATT, AT splitting consistent with zero

+ 0
o fig to frg difference small

o implication for Wilson and Wilson clover:
(= might contribute in many quantities

G. Herdoiza Chiral regime using N
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