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QOutline
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Wilson tmLQCD for light quarks (1)

Consider the QCD action

1 - _
Sacp =/d4X <—4GSUGE'“”+ZW (ip— M) ¢f> =86[Gl+SF[G. ¥, ¢

with four quark flavours, i.e. one light ¥, = (u, d) and one heavy doublet ¥ (c,s).
The Wilson twisted mass lattice action for the light doublet reads

SrilU.x. %] = a* > % (D +mo+ inYsT?) X
X

Frezzotti et. al., JHEP 0108:058 (2001)
Dy Wilson operator, mg: bare untwisted quark mass, w,: bare twisted quark mass
Sk is related to the physical basis (in the continuum only!) via

P =exp(iwysT3/2)x and P = xexp (iwysT>/2)
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Wilson tmLQCD for light quarks (2)

Q Wilson and tmWilson basis are different lattice regularizations

Q ‘“twist-rotation” is NOT a symmetry on the lattice — different lattice
artefacts compared to Wilson formulation

— Can be used to cancel O (a)-effects

Q It can be shown that at maximum twist w =

us

5. one has:

(0 [9.9]) = (0" x.x]) + O (2?)

i.e. we have automatic O (a) improvement

R. Frezzotti and G. C. Rossi, Nucl. Phys. B 129&130, 880-882 (2004)
Q@ No tuning of further, operator-specific improvement coefficients

Q Flavor symmetry and parity are broken at finite a (but O (a2)-effect)
Q Light sector is flavour-diagonal
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Heavy quark sector

The action for the heavy doublet reads

SrnlU.xn %n] = a* ZX'h (Dyy + mo + ipoys T + s7%) X
X

R. Frezzotti and G.C. Rossi, Nucl. Phys. Proc. Suppl.128 193-202 (2004)
mo: bare untwisted quark mass, ue: bare twisted mass, us: ¢,s-mass splitting
Q strange and charm quark masses are given by

Zp
Me,s = o £ —
c,s = Mo Zs 122
Q Again automatic O (a) improvement is achieved
Q Heavy sector is NOT flavour-diagonal — two additional progagators G

Gs¢
= Heavy sector requires a much larger number of contractions for correlation
functions
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Interpolating operators for 1, n’

In the physical basis 2 y-combinations (ivs, ivo7s) available; consider only ivs
h
=

= \/11111’)'5’4)/ nely

CiysC

+73 ) —
=9 (—2 Vs ) hn = { Sives
At maximal twist this reads in the twisted basis

1 1o ;
N =% (=) xi = 5%n (=T i) X
= heavy operators are a sum of scalars and pseudoscalars!
Considering renormalization we have

MNc,renormalized Zp (ici'YSXC XS"YSXS) —Zs (>_CSXC + >_(ch)
Ns, renormalized Zp (>_<si’75Xs —Xc i'YSXC) —Zs (>_CSXC + >_(ch)
— Need

; how can we avoid this when calculating masses?

aer
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Correlation function matrix for n, n’

Choose different set of ,,heavy" operators

1 (— v
5 (XeXs +XsXc)
ns.p=n" £n" = { V2

% (XcivsXc — XsivsXs)

= This corresponds to an additional rotation of the basis. |

In the twisted basis we have to calculate this correlation matrix:

n (£)m(0)  m(t)ns(0)  m(t)np(0)

C"(t)y=| ns(t)m(0) mns(t)ns(0) ms(t)ne(0)

np (t)n1(0)  mp(t)ns(0) mp(t)np(0)

O Eigenvectors of C"(t) give access to flavour contents
Q Eigenvalues allow to extract masses for n and 7’

aer
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Setup

We used the following setup:

Q@ Gauge configurations were provided by ETM Collaboration; we use 15
ensembles

R. Baron et. al., JHEP 06 111 (2010)

Q Computations are done on the JUGENE and JUDGE systems at Jiilich and our
GPU-Cluster

Q Three lattice spacings aa = 0.086fm, ag = 0.078fm and ap = 0.061fm

Q Physical lattice size L > 3fm for many ensembles

Q@ We use ~ 600 up to =~ 2500 gauge configuration per ensemble

Q Charged pion masses range from ~ 230MeV to ~ 500 MeV

Q Lo, ug fixed for each B
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Identifying the states

1

0.5

flavour content

‘IEEEEEE¥

light content —s—
strange content +—e—
charm content —a—s

_!;EEEEE%

t/a

flavour content

light content —#—
strange content —e—
charm content —a—s

Flavor contents for n (left) and 0’ (right) from B25.32 ensemble, 3x3-matrix, local-correlators only

O Groundstate (n) has large strange contribution — expected from quark model
O Second state (') is dominated by light quark contributions

Q@ No charm contribution to any of the two states

Q Third state (not shown) contains almost only charm

& =
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A-Ensembles
A80.24s, A100.24s

B-Ensembles

D-Ensembles
D4§.32sc !

02 04

06 08
(roMps)®

1

[m]

>

My, has rather small statistical error,
mostly < 5%

My shows moderate m;-dependence

Mp not at physical point yet
— mg-dependence

7' even with 2500 gauges still hard to
extract; shows large autocorrelation

Need to study systematic errors
especially for M,y

AEFr «E=E»r» <« >
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ms-dependence of Mk, M,

2 T T T T T T T 2

i 1
15 t 1
L]
tg o,
5 1 .
K e
1 4 1 4
gK -
K ——
physical value —m— physical value —a—
A-Ensembles —a— A-Ensembles —a—
05 ) ) ‘A80.24‘S, A1q0.24s - 05 ) ) ‘A80.24‘s, A1Q0,24s e
T0 02 04 06 08 1 12 14 T0 02 04 06 08 1 12 14
(roMps)® (roMps)*
My (left) and My (right) for A-Ensembles as function of M,%S
Q In both cases the untuned points miss the physical value
Q Blue points have different strange mass
Q Dependence on ms sizeable for K and
Q Bare ms is fixed for each lattice spacing (but ms o # ms g # Ms,p)
Q@ Perform linear fit gx[(roMps)?] and shift to hit physical point (g )

= Shift My for all ensembles by dx[(r0Mps)?] = (10 Mk )?[(roMps)?] — Gk [(roMps)?]
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Correction for ms

O Two different kaon masses M2, Mé,s 2 . . . . . . .
for the A-Ensembles at u; = 0.008 and
w; =0.010

d(aMn)?
d(aM)?

Q Use them to estimate Dy, =
15+ ]

Q@ Neglect possible Mps, B-dependence
Q Extrapolate all ensembles via |§:
=~

(roMn)?[(r0 Mps)*] = (roMn)* + D 6 [(10 Mps)”] 1t oMy ey Bt 1

70 My phys +—E—
_ A-Ensembles —a—
Fitting (ro Mn)?[(roMps)?] we find A80.24s, A100.24s —m—
B-Ensembles —e—
D-Ensembles v

D4§.32sc —

‘M,,(M,,):549(33)361(44)3,5Mev\ 05 Lo SO

(roMps)*

with g pnys = 0.45(2)fm

R. Baron et. al. PoS LATT2010, 123

=] (=) = E E DA 12/21



Scaling behavior

Q Use 3 pgints at different a and shift to
fixed pMy =~ 1.34 via 2 . . T T

(roMn)? = (roMn)? + Dn - Ak

e
-
|
‘

1.5 S
Q Points have almost similar ryMps =~ 0.9 R

Q Residual Mps-dependence neglected =
QO AM = Mijin — Mcong = 0.13(13)sat

— data compatible with constant fit! average ————
linear fit
— rather small lattice artefacts A60.24 —a—
B55.32 —e—
05 ) ) P45.32$C -
However, we assume AM /Mconst = 8% for o 0.01 0.02 0.03 0.04 0.05
our systematic error. a2/r}

Scaling behavior using A60.24, B55.32 and D45.32
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Mass ratios
15 15
<
&
- Mﬁ%ﬁw 1
=
(M /MK)Wp —.— xperimental value —a—
( /MK physical value —a—
ke 2 A-Ensembles —a—
AS0. 24s A100.24s —m— A80.24s, A100.245 —m—
B-Ensembles —e— B-Ensembles +—e—i
D-Ensembles —v— D-Ensembles —v—
D45.325¢ o D45.325¢ o
05 e BB 05 it b
0 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14
(roMps)® (roMps)*

Mn /My [(roMps)?] (left) and quadratic GMO (right)

For additional cross-check of our result for My, we study mass ratios:

QO My/My =1.121(26) (exp value ~ 1.100) gives My, = 558(13)gat(45)sysMeV
QO 7z =0.966(48) (exp value ~ 0.925) gives My = 559(14)ga(45)sysMeV
K T

= Results from all three methods agree, combined fit gives
My = 557(15)sat (45)sysMeV

[} = =
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Mixing

In the quark basis (neglecting charm)

) = 5 (ud) +[0@) . Ins) = Is5) o}

the m and n’ are not pure states:

() 20 ()

(single angle mixing scheme)

¢F[deg)

Expressed in amplitudes from matrix fit: 20 F A-Ensembles —a—
A80.24s, A100.24s —m—
10k B-Ensembles —e— ]
> Ah]’AS'II D-Ensembles v
tan*(¢) = ———— D45.325¢ — o
AenAsT)’ 0 | | | |

.
0 025 05 075 1 125 15

2

From linear fit we obtain: (roMes)

Mixing angle from 4 x 4 matrix using local amplitudes Ag,n

b= 440(5)53

[} = =
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Summary and Outlook

Q First calculation with 2+141

dynamical quark flavours 15

Q Small lattice artefacts for n

Q@ No charm contribution to n and 7’ % %

O M, = 557(15)sa(45)ysMeV in good CREE g ]
agreement with Mp® ~ 548MeV ¥

9 My strongly affected by noise and . EI{Q¥ f% Fi* X
autocorrelation 0.5 - . R

experimental values —#—

9 Mixing angle ¢ = 44°(5)sat ETMC +—a—

HSC +—e—

. . RBC/UKQCD —x—
Q Need better variance reduction for /UK8 CD v

. 0 1 1
heavy disc loops 0 0.1 0.2 0.3 04 05

Q@ Study flavour singlet decay constants Mg [GeV?)
from (0| Ax[n), (O] Auln') (7)

Q Additional scaling tests; vary ms for
more ensembles

M, [GeV]
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qu/ (t)

2 o

AqnAd.n

2m(n)

[exp( m" t)+ exp(—m(”)(T — t))]

«4Or «F»r «

it
v
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Generalized eigenvalue problem
Use of n operators allows to extract n excited states:
C"I

()= 3 ¢ en(-E) (67) . ¢ = 0lmlk)
k=1

cl= <C") one has to solve a generalized eigenvalue problem

For mj =

()™ (¢, to) = AR (¢, 1) C7 (o) o) (¢, to)

where ¢(k is the eigenvector corresponding to k-th state
Q@ Masses are obtained from
Me(t ) exp (=m)t') —exp (=m) (T — t))
M (t+1t0)  exp(—m&) (¢ +1)) —exp (—mK) (T — (¢’ +1)))
Q Flavor contents of the states are given by
(k) _ 1 (¢(k)) (k

3 ()
with N s.t. c( )+c(k) —|—c(k)

4~ 3 (o)’

aer

20/21



Variance reduction

Typical matrix element C,’{ consists of connected and disconnected pieces:

el

Disconnected diagrams have large intrinsic noise — use stochastic sources &:
dp=M7E,  My=2ktr[aDmw (1+7°) /2]

In WtmLQCD there is a very efficient way to evaluate loops with light quarks:
Use (Mg — M,) = 4ikauys and M, =5 Mg7s to obtain

S X (Mgt =Myt

S,Cx

=diraw 3 X (M) M s
5,C,X
=4ikau, z {®" 15X}, samples + Noise

5,C,X
Q@ Signal / noise ratio of ~ V//v/VV2 =1 compared to ~ 1/v/'V
Q Restricted to certain loops

Q Cannot be applied in the heavy sector due to the additional mass splitting
K. Jansen et. al., Eur. Phys. J C58 261-269 (2008)
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