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Outline

> Np=2

e scaling
e chiral fits : updated analysis by Carsten

> Ne=2+1+1

e scaling
e mixed action : analysis by Federico
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I
Ne =2

Ensemble B a (fm) [ L (fm) ap Mps (MeV)
“D” 4.20 ~ 0.053 48% .96 2.5 0.0020 ~ 280
“Dy” 32° .64 1.7 0.0065 ~ 490
“D3” 24% . 48 1.3 0.0020 ~ 350

C 4.05 ~ 0.066 32° . 64 2.2 0.0030 ~ 300
C, 0.0060 ~ 420
Cs 0.0080 ~ 480
Ca 0.0120 ~ 600
Cs 243 . 48 1.6 0.0060 ~ 420
Co 20° - 48 1.3 0.0060 ~ 420
B 3.90 ~ 0.084 24% .48 2.1 0.0040 ~ 300
B, 0.0064 ~ 380
Bs 0.0085 ~ 440
By 0.0100 ~ 480
Bs 0.0150 ~ 590
B, 32% . 64 2.8 0.0030 ~ 265
B 0.0040 ~ 300
A 3.80 ~ 0.100 24% .48 2.4 0.0060 ~ 360
Ao 0.0080 ~ 410
As 0.0110 ~ 480
As 0.0165 ~ 580

As 20° - 48 2.0 0.0060 ~ 360




static inter-quark force : ry vs. /2

1F Ei 3 i
% * to u
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o8 O‘OOI 0(‘)02 m‘ma 0(‘:01 o (‘m: o‘ooc 0“)07 m‘m& 0.009
3=13.90 L/a=24+—6— (§=4.20 Lja=48 —e—
Note: Zp = 1 in figure (not in fit)
= atpu—0: [PRELIMINARY]
B=4.20: rp/a=8.31(6)
B =4.05: rn/a=6.64(2)
B =238.90: rp/a=5.25(2)
B =3.80: rn/a=4.43(2)
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Tuning to maximal twist

2 (AT (X, HP(0))

23, (Pa(x, NPa(o)) O KT Ko

MR o< Mpcac =

0.20 4

-0.30 - q

rom
5=390 L/a=32+—— (=405 L/a=32+8— (=420 L/a=232—6—
3=3.90 L/a=24+—6— B=420 L/a=48 —&—

Note: Zp = Z4 = 1 in figure

273
p > a Nyep Mpcac < Aplgep




Scaling of fpg

B = 4.20, 4.05, 3.90, 3.80
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Finite size effects

>

relative deviation :

RO = (ooo - OL)/Ooo
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L
Finite size effects

Comparison of lattice data at several volumes to :
> NLO XPT: GL [Gasser, Leutwyler, 1987, 1988]
» resummed Luscher formula : CDH [Colangelo, Diirr, Haefeli, 2005]
P relative deviation: Ro = (Ose — O1)/Owo

a (fm) mpsly — Mpsly meas. (%) GL (%) CDH (%)

L — L) (L — o) (L — o0)

Mps 0.09 3.3 — 4.3 —-1.8 —0.6 —-1.2
fos 0.09 3.3 —43 +2.6 +2.6 +2.6
Mps 0.07 3.0— 4.6 —6.1 -1.9 —6.3
fos 0.07 3.0— 4.6 +10.7 +7.0 +9.0
Mps 0.07 3.5 — 4.6 —-1.1 —0.8 —2.1
fps 0.07 35— 4.6 +1.9 +3.3 +3.5

» non negligeable FSE since relative stat. error:  ~ 1% on mps and fps
» CDH describes data in general better than GL but needs more parameters

Autrans, 18-0
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Chiral perturbation theory : fr, m;

P Use of xPT to describe the dependence on :

e the quark mass p
e finite spatial size L

P Simultaneous fit to Ny = 2 xPT
1 . 2
MEs() = X [14 3€01N] " [1+ €m0/ + T + 0Dy

fes(L) = B [1 = 260N [1 = 26 (/N9 + 0 + oDy

fo/a(kq) = 1/a(ig = 0) + Dy(auq)?

where x, = QEOuR, &= Xu/(47rf0)2, A= xul, fy = V2R

» data: afps, amps, /a and Z

» parameters: nfy, 1By, s, oAs, {fo/a(i =0)}s, {Z}5, Dme,s D

P Finite size corrections : (CDH : Colangelo et al., 2005)
» Mass dependence : NLO and NNLO (extra parameters :  A; 2, Ky, ke)
>

Include O(c?) terms in the fits

Autrans, 18-0
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YPT combined fits

Updated analysis by Carsten
P set of fits

e over different ensembles: A;, B, Cc ~» 16 data-sets
o different fit ansatz : NLO, NNLO, O(a?) ~» 4 fit ansatz

P analysis

e keep only the physically relevant data-sets/fits
o use x? distribution to quantify the goodness of the fit (CL) : weighted average
e the distribution of fits ~» systematic error

Autrans, 18-0



NN
YPT combined fits

e datfa-sets

set Az A3 AA B 1 BQ B3 BA B5 Bé B7 C] C2 C3 C4 C5
1 X X X X X X X X X
2 X X X X X X X X X X X
3 X X X X X X X X X X
4 X X X X X X X X X X X X
5 X X X X X X X X
6 X X X X X X X
7 X X X X X X X X X
8 X X X X X X X X
9 X X X X X X X X X X X
10 X X X X X X X X X X X X X X
1 X X X X X X X X X X X X
12 X X X X X X X X X X X X X X X
13 X X X X X X X X X
14 X X X X X X X X X
15 X X X X X X X X X X X X
16 X X X X X X X X X X

e fitansatz:

1. Fit A: NLO continuum xPT, TiN® =0, Dp ps =0, priors for oAy 2
2. Fit B: NLO continuum xPT, TN\ =0, Dy, 4, fitted, priors for oAy 2

3. Fit C: NNLO continuum xPT,  Dm,.rs =0, priors for nA;y 2 and Ky, ¢
4. Fit D: NNLO continuum xPT, D, 1 fitted, priors for nA; 2 and Ky,

fes

»Tes



XPT fits

fit B & data-set 1
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PT fits

fit C & data-set 1

fit D & data-set 4
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x?%/dof = 23.7/19

x?/dof = 30.9/23




I
xPT fits : NLO and NNLO

P> it of fos and Mps combining a = 0.07,0.09 fm
» mass dependence : continuum NLO and NNLO higher masses (mps ~ 600 MeV)
not included
» volume dependence : CDH [Colangelo et al., 2005]

NLO NNLO

A 3.38(7) 3.52(65)

T 4.62(3) 5.02(30)

By [GeV] 2.55(4) 2.51(8)

fy [MeV] 121.62(7) 121.15(56)

o [fm] 0.449(3) 0.446(6)

T —0.55(58) —0.60(59)

b 4.31(10) 4.33(10)

kg - —0.55(99)

ke - 1.7(1.1)

X2 /dof 30.9/21 23.8/21

Input some knowledge on 7]‘2, Kk and ke in the fit:
h=-04406 5Hh=43401 ku=k=0%£10

trans, 18-04
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xPT fits : discretization effects

Rfbs = rofo [1 = 2¢10g(x,. /A7) + (a/0)°Dr] KM (L)

P fit of fos and Mps combining oy = 0.05, a, = 0.07, az = 0.09 fm [PRELIMINARY]
» mass dependence : NLO higher masses (mps ~ 600 MeV) not included
» volume dependence : CDH

Dm,r = fit Dy, ¢ fit Dy, ¢
e} 2,3 2,3 A,2,3
h 3.38(7) 3.51(7) 3.47(6)
A 4.62(3) 4.63(3) 4.59(3)
By [GeV] 2.55(4) 2.89(14) 2.79(12)
fy [MeV] 121.62(7) 121.58(7) 121.65(6)
o [fm] 0.449(3) 0.429(9) 0.439(6)
X2 /dof 30.8/21 23.2/19 26.7/23
» values of Dy ¢ Dm = —1.08(95); Dy = 0.70(56)

P Zo(3 = 4.20) is fitted with prior 0.5 4 0.1 ~ Z» = 0.495(13)

trans, 18-04



xPT fits : with g = 4.20

X2/ dof = 26.7/23
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Results : LEC, mg, (QQ), ...

Estimate systematic effects
P discretization
» NLO/NNLO
> FSE

[PRELIMINARY]

I3 3.49(19)
T 4.57(15)
By [GeV] 2.77(19)
fy [MeV] 121.8(5)
(—(@a))"/® Mev] 274(6)
my, o [MeV] 3.37(23)
o [fm)] 0.433(14)

Bo. {Gq) and my, 4 are given in MS at 2 GeV




R
Ne=2+1+1

16] -7 auy e aus

1.90 32°.64 0.0030 0.150 0.190
0.0040
0.0050
24% .48  0.0040
0.0060
0.0080
0.0100
20%.48  0.0040
24%.48 0.0100 0.150  0.197

1.95 32%.64 0.0035 0.135 0.170

0.0055 0.135 0.170
0.0075 0.135 0.170

24°.48 0.0085 0.135 0.170
stout .90  24°.48  0.0040 0.170  0.185

0.0060
0.0080

Masses: m, € [280;600] MeV  my 2 mg™ me 2 10m
B=190: a~0.082fm; mps xL2>35; L~20and 2.6fm

trans, 18-04



static inter-quark force : ry vs. /2

0.95

= atpu—0:
B =195
=1.90:

e

. . . . .
0.004 0.005 0.006 0.007 0.008 0.009
(ram)?
§=190 Lfa=32+—8—
8=190 L/a=24 —>%—

B=1.95 Lfa=232+—8—

L L L
0.001 0.002 0.003

3=105 L/a=24+—%—
stout §=190 L/a=24+—B—

Note: Zp =1 infigure

n/a~5.64
f/a = 5.31

B
stout 3 = 1.90: rn/a ~ 5.30
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static inter-quark force : ry vs. /2

g [
0.95 - F s 4
b3
09 b 4
085 . . . . . . . .
o 0.001 0.002 0.003 0004 0.005 0.006 0.007 0.008 0.009
(rap)?

=390 L/a=32+r—e— 5=190 L/a=32+—8—
3=390 L/a=24—6— 5=190 L/a=24+—>—
B =405 Lfa=32+—e— 5=195 Lja=32 —8—
8=420 Lfa=48 —&— 3=195 L/a=24 —>%—
B=420 L/a=32+—6—  stout 4=190 Lja=21+—8—

Note: Zp =1 infigure

= atpu—0:
B=1.95: f/a = 5.64
B =1.90: f/a = 5.31
stout 3 = 1.90: rn/a ~ 5.30




Tuning to maximal twist

2 (AT (X, HP(0))

23, (Pa(x, NPa(o)) O KT Ko
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Note: Zp = Z4 = 1 in figure
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Scaling of fpq
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I
Scaling of fpq
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Scaling of fpq
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Finite size effects

» relative deviation: Ro = (Ose — O1)/Owo
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4 T T ; T
B3=190 L/a=32 mg —e—
5=190 L/a=24 mg —e—
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Note: using p = 0.44fm: mg =~ 1.1



BN
Action (unitary setup)

Combination of :
» Twisted mass lattice action for the light mass degenerate (u-d)-doublet : Ne=2

Sm = 0" D> {%e(x) [DwlU] + moe + ipeysmal xe(X)}

» Heavy mass non-degenerate (c-s)-doublet term in the action : Ne=1+1

Xn(X) [Dw[U] + mon + ipeysTi + 1s73 ] xn(X)

P Mixing in currents: the field transformations imply for the renormalized (physical) bilinears :
ﬁK,X = Ccos % Ccos %ZPPK,X — sin % sin %ZPP&X + isin % Ccos %ZSS;%,X + icos % sin %ZSSD,X
where the Kaon- and D-meson-doublet are K = (K™ K°)and D = (0’ D™),
respectively
K+ = (5u). K° = (5d). ...
» Non-degenerate quark masses :

Mes=1/2p po £1/Z pis

Autrans, 18-0
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Mixed Action

Valence sector : Notes and analysis by Federico F

P Twisted mass lattice action for the mass non-degenerate (u-s)-doublet

S = GAXX:{XAX) [owtan+moc+ (550 Y]}

—ipsys

P No flavour mixing
P Matching unitary (U) and mixed action (MA)

Mslua = 1/2ems = Msly = 1/2 po £1/Z pis

milva = Mkly = N N
Melma = Melva ~> Marlyva = Mrlu

» Estimate of Z»/Zs through the matching



NSNS
Matching : mg

am(light) = 0.006

CT T T T 71 ] L L
| o WM _ | = D, TM, loca i
0.4 | o  MOS(=TM) i = D, TM, Gauss Sm.
L x rLTM,N,=2 . L o D,0S i
= o KM B x D,0SN,=2
r o K,0s b B T
0.35— x K,OSN=2 7
C K,0S(matched) | 1 N
> 3=1.9 03 ¢ 0 0 i
> G sea = 0.0060 s I g 1 7 i i
» 500 meas., 0.5 g ] i i i
point-like sources = = 109 - o —
02F 4 F i 1
L i : i
L & ] i T
015~ 4 1 1
- q 08 —
[ T I B PR IR T T
0 0.01 0.02 0.03 0.04 0.26 0.27 0.28 0.29
amq(heavy) amq(heavy)
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0.12
Unitary : i
. _lteJr#o*%’#JX 01
ps = 7%”21& L

Zp +
[OI(Pet = Poe) +1—- (S = So)IKTDI -
s

Ty L

0.08
Mixed action : i
e + ps -

o= Es 1R K

i o 1O01PG g KD 006

0

amq(light) =0.006

T T
& LM
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o K,T™M
o K,0S
x  K,0S N,=2
K, OS (matched)
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B F
3 x
B x
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Joaa
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Renormalisation : Zp/Zs

0.675 —
x  From parity/flavor restoration (m , m_~ physical value)
o m  Extrapolated value B
= By matching OS and sea K mass
0.67 75 —
0.665

zJzg
‘
)—’.—4
‘

0.65

e . o oy oy oy o by g
0 0.002 0.004 0.006 0.008 001 0012 0.014 0016

ud

> RIMOMat 8 = 1.9, au = 0.0080, aps = 0.15, aus = 0.19: Zp/Zs = 0.589(17)
> Note: 8 =3.9: Zp/Zs(OS) = 0.579(19) : Zp/Zs(RIMOM) = 0.603(18)
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Renormalisation : 7,

aue #0and aus # 0
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. ° ®
0.6 - e o o ® ® ® 1
0.55 | 1
0.5 L L L L L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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> RIMOMat 3 = 1.9, au = 0.0080, au, = 0.15, aus = 0.19: Z, = 0.623(5)
> Note: 8 =3.9: Z,(W) =0.6103(3): Zv(RIMOM) = 0.625(7)
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Conclusions

To be concluded ...

Autrans, 18-04-09



