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e Maximally twisted mass fermions, N; = 2 results
e Introducing Ny =2+ 1+ 1 flavours
e Using Ny =2+ 1+ 1 flavours of quarks

— light meson physics
— Osterwalder-Seiler valence quarks
— non-perturbative renormalization



Why the first two generations?

want to include as many quarks as possible: charm still realistic
charm quark mass

needed for charmed mesons, e.g. n, ', 1. and baryons
yesterdays talk by M. Shepherd

decay constants fp, fp,
heavy quark effects in operator matrix elements
running of o with Ny =4

very natural to include strange/charm doublet for twisted mass
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Wilson (Frezzotti, Rossi) twisted mass QCD (Frezzotti, Grassi, Sint, Weisz)

Fermion action of twisted mass fermions
L [ _ 1 * 1vr* : [
S1 = Z:c Xz [mq + 3V [vu + vu} o CL’I“§VMVM + Z,Utm7'375] Xz
Sh =20 Xat [Mq + 57 [V + V5] — argViVyinsmie + Tsis] Xi
e quark mass parameter m,, , twisted mass parameter /i),
e strange and charm quark masses
Mse=Zp (e £ Zp/Zsps)
simulation: Zp/Zg ~ 0.65

e note, m, the same in S; and 5},



Pros and Cons of a generic fermion action

Pro maximal twisted mass:
e O(a)-improvement for all physical quantities automatically
e helps to simplify mixing patterns in non-perturbative renormalization

e explicit infrared regularization through fii,

Con twisted mass: T OA N 2o
0.6 b mx~260MeV rm 4
m, ~ 330 MeV e+

e isospin violation at any a # 0 = 04l o~ as0N e

2 |

e observe large O(a?) effect = ez
in neutral pion mass T

(a similar large O(a?) effect =

. . . X -0.2 |

expected for Wilson fermions in H |

another quantity) a ot

-0.6 -
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Controlling the effect theoretically: (a/ro)?

Frezzotti, Rossi (2007), Dimopoulos et.al (2010), Colangelo, Wenger, Wu (2010), Bar (2010)

what counts in the end: Universality
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Maximal twist: tune m, such that
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Tuning to maximal twist
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e tuning of m, at each i, used
e demand mpcAC ,S O.l,utm

e demand A(mPCAc) S O-l,utm



Selected results for Ny = 2

Simulation results versus PDG
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I=2 Pion scattering length
(X. Feng, D. Renner, K.J.)
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The p-meson resonance: dynamical quarks at work
(X. Feng, D. Renner, K.J.)

e usage of three Lorentz frames
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m, = 1033(31) MeV, T, = 123(43) MeV



Simulation setup for Ny =241+ 1
Configurations available through ILDG

G alfm] L°T/a* m.[MeV] status
1.9 ~ 0.085 24348 300 — 500 ready
1.95 ~ 0.075 32364 300 =500 ready
2.0 ~ 0.065 32364 300 ready
2.1 ~ 0.055 48396 300 - 500 running/ready
643128 230 thermalizing
643128 200 planned
963192 160 planned

e trajectory length always one
e 1000 trajectores for thermalization

e > 5000 trajectores for measurements



Ny =2+ 1+1 light quark sector: scaling
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Ny =2+ 1+ 1 light quark sector: xPT fit

e central values + stat. error : f; = 130.4(2) MeV ~» scale

e estimate systematic effects : lattice artifacts, FSE

N;=2 Np=2+1+1 "
(s 3.70(27) 3.50(31) "™

)
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Ny =2+ 1+1 light quark sector: adding strange quark

190 ' ' ' ' e fit 3 =1.95 and 8 = 2.10 simultaneously

180
2

ol o from setting maq (1o, s, fts) = 2m% — m?

160
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prelinimary fit results:
o fi/fr=1.224(13), fr = 160(2) MeV, (4 = 4.78(2)

e errors statistical only



Ny =2+ 1+ 1 heavy quark sector

Wilson twisted mass Dirac operator for (¢, s) pair:

D) = ( 'Y/L@M“F,ua"'ﬂd
Y5 (%VZVM - mq)

e mixing of ¢ and s flavour and of parity
e Kaon is the ground state : good precision

e D meson appears as an excited state

Y5 (EVZVM —my) )
YuVpu + to — s

eigenvectors \1)5-(:’%)\2

e three independent methods:

— generalised eigenvalue problem
— multi-exponential fits
— imposing parity and flavour restoration

at finite a

amp

e they provide consistent results for mp

e overcome mixing of flavour ~» mixed action
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Ny =2+ 1+ 1 approaching the charm quark

iIntroduce Wilson twisted mass doublets in the valence sector

Dtm(,uval) =D + Merit 1 ! ,ufval’y57-3

(Osterwalder, Seiler (1990), Pena et al. (2004); Frezzotti, Rossi (2004))

Merit from unitary set-up

4 — 6 values for i,4; In the strange us and the charm . region
inversions with multi-mass solver

matching to unitary set-up using mx and mp
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the unitary fx can be computed from: fx = (my + my)

with ms = s — (Zp/Zs) s

Unitary versus Osterwalder-Seiler: fx

similar formula for fp

<O|PI§|K>
K

Py is the physical Kaon projecting operator

val

the mixed action fx computed from: fpg = (:“q()la)z + ,u(Q)) [{0|P|PS)]
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Projection operator

e unitary kaon decay constant

fre = petio—(Zp/Zs)ps <0|(PK - PD) 4+ i(ZS/Zp)(SK i SD)|K>

2
QmK
e Kaon is lowest state, so flavour mixings should play no role

e mixing of scalar and pseudoscalar



Preliminary analysis of fp and fp, in MA set-up

e SU(2) heavy meson xPT fit to our data

for fo,/Mp, and fp,/mp./(fo/MD)

(ETMC, Blossier et al. (2009))

e including terms proportional to a®m7, and 1/mp,

e results very encouraging
st = 250(3) MGV, fD = 204(3) MeV, fDS/fD = 1230(6)

e very preliminary but very first results from Ny =2+ 1+ 1|
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Nucleon structure for Ny =2 +1+1
(C. Alexandrou, M. Constantinou, S. Dinter, V. Drach, D. Renner, K.J.)

First calculation for (x) comparison to Ny = 2
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Non-perturbative renormalization for Ny =2 +1+1

renormalisation factors computed from dedicated Ny = 4 flavour
simulations of Wilson fermions

e RI-MOM scheme at non zero values of both the standard
and twisted mass parameters

1
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e O(a) improvement via average of simulations with +mpcac and —mpcac

study at § = 1.95
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Summary

e successful simulations with Ny = 2 flavours

— using maximally twisted mass fermions
— automatic O(a)- improvement

e First simulations with Ny =2 + 1 + 1 flavours

— using maximally twisted mass fermions in the sea
— use Osterwalder-Seiler fermions in the heavy valence sector

— already precise results for fx/fr, fp, fD.
— non-perturbative renormalization under way

e our conclusion: adding stange and charm as dynamical degrees of freedom
perfectly feasible




