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prediction vs. postdiction

we do have a lot of precise experimental measurements in the quark flavour sector of the standard model that, combined with
CKM unitarity (first row), allow us to measure hadronic matrix elements

a simple example from FLAVIAnet kaon working group M.Antonelli et al. Eur.Phys.J.C69

8>>>><>>>>:

˛̨̨
VusFK
VudFπ

˛̨̨
= 0.27599(59)

˛̨̨
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˛̨̨
= 0.21661(47)

8>><>>:
|Vud|2 + |Vus|2 = 1

|Vud| = 0.97425(22)

where |Vud| comes by combining 20 super-allowed nuclear β-decays and |Vub| has been neglected because smaller than the
uncertainty on the other terms, combine to give

|Vus| = 0.22544(95)

F
Kπ
+ (0) = 0.9608(46)

FK

Fπ
= 1.1927(59)

20 M. Antonelli et al.: Evaluation of |Vus| and Standard Model tests from kaon data

Mode |Vus|f+(0) % err BR τ ∆ Int Correlation matrix (%)
KL → πeν 0.2163(6) 0.26 0.09 0.20 0.11 0.06 +55 +10 +3 0
KL → πµν 0.2166(6) 0.29 0.15 0.18 0.11 0.08 +6 0 +4
KS → πeν 0.2155(13) 0.61 0.60 0.03 0.11 0.06 +1 0
K± → πeν 0.2160(11) 0.52 0.31 0.09 0.40 0.06 +73
K± → πµν 0.2158(14) 0.63 0.47 0.08 0.39 0.08
Average 0.2163(5)

Table 14. Values of |Vus|f+(0) as determined from each kaon decay mode, with approximate contributions to relative uncertainty
(% err) from branching ratios (BR), lifetimes (τ ), combined effect of δK!

EM and δK!
SU(2) (∆), and phase space integrals (Int).

comparison with Eq. (9), rµe is equal to the ratio g2
µ/g2

e ,
with g! the coupling strength at the W → !ν vertex. In
the SM, rµe = 1.

Before the advent of the new BR measurements de-
scribed in Sects. 3.2 and 3.4, the values of |Vus|f+(0) from
Ke3 and Kµ3 rates were in substantial disagreement. Us-
ing the KL and K± BRs from the 2004 edition of the PDG
compilation [100] (and assuming current values for the I!3

and δK!
EM), we obtain rµe = 1.013(12) for K± decays and

1.040(13) for KL decays.
As noted in Sect. 3.2, the new BR measurements pro-

cure much better agreement. From the entries in Table 14,
we calculate rµe separately for charged and neutral modes
(including the value of |Vus|f+(0) from KS → πeν de-
cays, though this has little impact) and obtain 0.998(9)
and 1.003(5), respectively. The results are compatible; the
average value is rµe = 1.002(5). As a statement on the
lepton-flavor universality hypothesis, we note that the sen-
sitivity of this test approaches that obtained with π →
!ν decays ((rµe) = 1.0042(33) [138]) and τ → !νν̄ de-
cays ((rµe) = 1.000(4) [139]). Alternatively, if the lepton-
universality hypothesis is assumed to be true, the equiva-
lence of the values of |Vus|f+(0) from Ke3 and Kµ3 demon-
strates that the calculation of the long-distance correc-
tions δK!

EM is accurate to the per-mil level.

4.4 Determination of |Vus/Vud| × fK/fπ

As noted in Sect. 2.1, Eq. (2) allows the ratio |Vus/Vud| ×
fK/fπ to be determined from experimental information on
the radiation-inclusive K!2 and π!2 decay rates. The lim-
iting uncertainty is that from BR(Kµ2(γ)), which is 0.28%
as per Table 6. Using this, together with the value of τK±

from the same fit and Γ (π± → µ±ν) = 38.408(7) µs−1 [87]
we obtain

|Vus/Vud| × fK/fπ = 0.2758(5). (55)

4.5 Test of CKM unitarity

We determine |Vus| and |Vud| from a fit to the results
obtained above. As starting points, we use the value
|Vus|f+(0) = 0.2163(5) given in Table 14, together with
the lattice QCD estimate f+(0) = 0.959(5) (Eq. (17)).
We also use the result |Vus/Vud| × fK/fπ = 0.2758(5)
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Fig. 10. Results of fits to |Vud|, |Vus|, and |Vus/Vud|.

discussed in Sect. 4.4 together with the lattice estimate
fK/fπ = 1.193(6) (Sect. 2.1.1). Thus we have

|Vus| = 0.2254(13) [K!3 only],
|Vus/Vud| = 0.2312(13) [K!2 only].

(56)

Finally, we use the evaluation |Vud| = 0.97425(22) from
a recent survey [140] of half-life, decay-energy, and BR
measurements related to 20 superallowed 0+ → 0+ nu-
clear beta decays, which includes a number of new, high-
precision Penning-trap measurements of decay energies,
as well as the use of recently improved electroweak ra-
diative corrections [141] and new isospin-breaking correc-
tions [142], in addition to other improvements over past
surveys by the same authors. Our fit to these inputs gives

|Vud| = 0.97425(22),

|Vus| = 0.2253(9) [K!3, K!2, 0+ → 0+],
(57)

with χ2/ndf = 0.014/1 (P = 91%) and negligible corre-
lation between |Vud| and |Vus|. With the current world-
average value, |Vub| = 0.00393(36) [87], the first-row uni-
tarity sum is then ∆CKM = |Vud|2 + |Vus|2 + |Vub|2 − 1 =
−0.0001(6); the result is in striking agreement with the
unitarity hypothesis. (Note that the contribution to the
sum from |Vub| is essentially negligible.) As an alternate
expression of this agreement, we may state a value for

lattice QCD is still needed to postdict these quantities and, in case, to falsify the standard model



prediction vs postdiction

the previous one is a particular example of what one can do by using CKM unitarity. our friends of the UTfit collaboration have
been the first to realize that, after the B-factories, the unitarity triangle is over constrained

as we said, the lattice community has lost the opportunity to predict but must postdict hadronic matrix elements. . .



prediction vs postdiction

in the postdiction era, we don’t calculate to feed the UT analysis but, we “simply” try to compare with experiment at the same
level of precision

here a short list of observables:

concerning the light quarks sector

Fπ , FK , . . .
K → π`ν, K → ρ`ν, . . .
K → π``, K → πνν, . . .
BK , . . .

K → (ππ)∆I=3/2, K → (ππ)∆I=1/2, . . .
ππ → ππ, ρ→ ππ, . . .
. . .

concerning the heavy quarks sector

FDq , FBq , . . .

Bq → Dq`ν, Bq → D?q `ν, . . .

Bq → π`ν, Bq → ρ`ν, . . .
D → K`ν, . . .
BBq , . . .

B → ππ
. . .



even K → ππ is coming. . .

the RBC-UKQCD collaboration is putting a huge effort in the calculation of K → ππ amplitudes

the key ingredients are the theoretical developments of the last few years
L.Lellouch, M.Lüscher Commun.Math.Phys.219 (2001)

D.Lin et al. Nucl.Phys.B619 (2001)
G.M.de Divitiis, N.T. hep-lat/0409154

C.h.Kim, C.T.Sachrajda, S.R.Sharpe Nucl.Phys.B727 (2005)
. . .

|A|2 = 8πV
2M

2
K

q2?
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δ
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from Sachrajda’s talk at LATTICE 2010
C.T. Sachrajda PoS LATTICE2010:018,2010

Mπ = 145MeV MK = 519MeV

<A2 = 1.56(07)(25)× 10
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GeV
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GeV



of course, one needs to be a bit careful. . .

we do already know many observables with high precision, but in grading lattice simulations some care is needed

Q: would you choose a lattice calculation performed with nf = 2 + 1 + 1 + 1 + 1 dynamical quarks or a quenched
calculation?

A: no debate, the dynamical one!

Q: ok, but the dynamical one has been performed at finite lattice spacing a = 1 meter, while the quenched one takes into
properly account all the remaining systematics. . .

A: no debate, the dynamical one!

luckily we are not in such an extreme and ridiculous situation but some care is needed

the way (methodology) results are extracted may have a deep impact on the systematics. . .
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first an excursion in the heavy flavour sector: extrapolating

let’s take the simplest example, ΦBs = fBs

q
MBq

the standard approach to b-physics consists in:

making simulations at ”not so heavy” quark
masses (mh ∼ mc)

extrapolating at the physical point

(m
phys
h

= mb)

constraining extrapolations with HQET
(possibly non-perturbatively renormalized and
matched)

ΦBq

CPS
= f

0
q

"
1 +

f1
q

mb
+ . . .

#

B.Blossier et al. PoS LAT2009 151

fB and fBs with tmQCD
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Figure 3: Interpolation to the b quark mass and continuum extrapolation of !hlphys (left) and !hsphys (right).

represents the residual uncertainty due to the continuum limit and to the b mass interpolation, iii)
the third error takes into account the effect of the systematic uncertainty on the static point.

We conclude by comparing the results in eq. (3.4) with those obtained in ref. [2] using suitable
ratios having an exactly known static limit. The latter values read

fB = 194(16)MeV,

fBs = 235(11)MeV , (3.5)

where the uncertainty is the sum in quadrature of the statistical and systematic errors. The two sets
of results are in very good agreement, thus providing further confidence on their robustness. We
note that the results in eq. (3.5) are obtained from a subset of the data analysed in the present study.
The inclusion of the full set of data is in program for a forthcoming publication.
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first an excursion in the heavy flavour sector: go on a small volume

consider the following simple identity. . .
M.Guagnelli, F.Palombi, R.Petronzio N.T. Phys.Lett.B546:237-246,2002

O(Eh, El) = O(Eh, El; L0)

σ(Eh,El;L0)z }| {
O(Eh, El; 2L0)

O(Eh, El; L0)

O(Eh, El; 4L0)

O(Eh, El; 2L0)
. . .

this is the starting point of a ”finite size scaling” calculation

O(Eh, El; 2L0) =



first an excursion in the heavy flavour sector: step scaling functions / observables

Let’s take again O = fBs
p
MBs
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first an excursion in the heavy flavour sector: mass ratios

similar ideas have been developed in
B.Blossier et al. JHEP 1004:049 (2010)

one considers ratios of observables at fixed volume but at different values of the heavy quark masses in such a way that the static
limit is exactly known:

z|2 : λ = 1.278
z|1 : λ = 1.278
z|0 : λ = 1.273
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Figure 6: Continuum data for z|0 (blue dots), z|1 (red squares), z|2 (green
triangles). The corresponding best fit curves are drawn with λ = 1.273 (upper
curve, in blue) and λ = 1.278 (middle curve, in red and lower curve, in
green). In all cases µ! → µu/d. The blue and red vertical lines represent the
location of the b-mass as extracted from y|0 and y|1 data (with λ = 1.273 and
λ = 1.278), respectively. The green vertical line is practically on top of the
red line and it is not visible.

Similarly to what we did in fig. 2, we collect in fig. 6 continuum and chirally
extrapolated data for z|p, p = 0, 1, 2 and best fit curves through these data
and the value at x = 0. Thus, for instance, the middle (red) curve is the

parabola (eq. (3.4)) which best fits the values of z
(n)
1 = z(x(n), 1.278; µ̂u/d)|1,

n = 2, 3, 4, at the heavy quark masses (2.9). The red vertical line marks
the position xb which corresponds to the previously determined value of µ̂b

(eq. (2.12)) and crosses the curve at the point z
(Kb)
1 = z(xb, 1.278; µ̂u/d)|1.

With the help of this number and the values of z
(j)
1 for 4 < j ≤ Kb + 1,

eq. (3.6) provides a determination of fhu/d(µ̂b) in terms of fhu/d(µ̂
(1)
h ) (with

LL-accurate fit for the z-ratios). As observed before, the latter does not
necessarily has to be identified with the phenomenological value of fD for
the method to work, as what we actually need to know is the dependence of
fhu/d(µ̂h) on µ̂h at around the charm mass. Nevertheless, since, as remarked

in sect. 2.2, Mhu/d(µ̂
(1)
h ) coincides with the experimental value of MD, we are

15



first an excursion in the heavy flavour sector: B → D(?)`ν

de Divitiis,Petronzio,N.T. Nucl.Phys.B807:373,2009
de Divitiis,Molinaro,Petronzio,N.T. Phys.Lett.B655:45,2007
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BK summary from FLAG

there are observables that we know how to calculate since many years and that are currently known with good precision. . .
G.Colangelo et al. arXiv:1011.4408
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BK B̂K

Kim 09 [252] 2+1 C ! • • " • 0.512(14)(34) 0.701(19)(47)

Aubin 09 [240] 2+1 A • !! • ! • 0.527(6)(21) 0.724(8)(29)

RBC/UKQCD 09 [253] 2+1 C • • ! ! • 0.537(19) 0.737(26)

RBC/UKQCD 07A, 08 [84, 254] 2+1 A " • ! ! • 0.524(10)(28) 0.720(13)(37)

HPQCD/UKQCD 06 [255] 2+1 A " •∗ ! " • 0.618(18)(135) 0.83(18)

ETM 09D [256] 2 C ! • • ! • 0.52(2)(2) 0.73(3)(3)

JLQCD 08 [250] 2 A " • " ! • 0.537(4)(40) 0.758(6)(71)

RBC 04 [257] 2 A " " "† ! • 0.495(18) 0.699(25)

UKQCD 04 [258] 2 A " " "† " • 0.49(13) 0.69(18)

Table 15: Results for the kaon B-parameter together with a summary of systematic errors.
The symbol •∗ means that this result has been obtained with only two “light” sea quark
masses. The symbol "† means that these results have been obtained at (MπL)min > 4 in a
lattice box with a spatial extension L < 2 fm. The symbol !! means that, in this mixed
action computation, the lightest valence pion weighs ∼ 230 MeV, while the lightest sea taste-
pseudoscalar, used in the chiral fits, weighs ∼ 370 MeV.

value of a, which is in good agreement with the published estimate in [84, 254]. This indicates
that discretization effects for BK computed using domain wall fermions appear to be small
at the present level of accuracy. In ref. [260] RBC/UKQCD have also investigated the effects
of residual chiral symmetry breaking induced by the finite extent of the 5th dimension in the
domain wall fermion formulation and found that the mixing of Q∆S=2 with operators of oppo-
site chirality was negligibly small. The renormalization factors used by HPQCD/UKQCD 06
are based on perturbation theory at one loop, which is by far the biggest source of systematic
uncertainty quoted by these authors. The same is true for the new, preliminary result by
Kim et al. [261].

In view of the above, we believe that the most technically advanced, published estimate
for BK to date (with Nf = 2 + 1) is that of Aubin 09, which combines data computed at two
values of the lattice spacing. Besides the usual systematic uncertainties listed in Table 15,
they quote a 0.8% systematic error due to the setting of the physical scale and the calibration
of the down and strange quark masses. Their biggest single systematic uncertainty of 3.2% is
associated with the error on the renormalization factor, which links the B-parameter of the
bare operator to that in the MS-scheme. Therefore, for QCD with Nf = 2 + 1 flavours, we
quote

Nf = 2 + 1 : BK = 0.527(6)(21) B̂K = 0.724(8)(29) . (82)

64

the average is obtained by considering nf = 2 + 1 results only (no debate!) and is

BK(2GeV ) = 0.527(6)(21) B̂K = 0.724(8)(29) ∼ 4%



can we do better?

−→ H∆S=1
W H∆S=1

W

−→
H∆S=2

W

BK parametrizes the mixing of the neutral Kaons in the effective theory in which both the W bosons and the up-type quarks
have been integrated out,

BK(µ) =

˙
K̄
˛̨
H∆S=2
W (µ) |K〉

8
3F

2
K
M2
K

in order to do better on this process, we should be able to make a step backward and compute the long distance contributions,

˙
K̄
˛̨

T

Z
d
4
x H

∆S=1
W (x;µ) H

∆S=1
W (0;µ)

ff
|K〉

to this end, we should be able to make sense of the previous quantity in euclidean space

see N. Crist arXiv:1012.6034



same kind of correlation functions in rare kaon decays

−→

H∆S=1
W

similar problems have to be faced in order to calculate the branching ratios of the rare semileptonic decay processes K −→ πνν
and K −→ π``

〈π|T
Z

d
4
x H

∆S=1
W (x;µ) JW (0)

ff
|K〉

the first discussion on how to compute on the lattice long distance contributions has been done in the case of these processes in

G.Isidori, G.Martinelli, P.Turchetti Phys.Lett. B633

we shall come back to this kind of matrix elements in a few slides when discussing the calculation of isospin breaking corrections. . .



FK/Fπ & FKπ+ (0) summary from FLAG

matrix elements entering leptonic and (frequent) semileptonic kaon decays are other examples of well known quantities
G.Colangelo et al. arXiv:1011.4408

arXiv:1005.2323 [hep-ph]

arXiv:1011.4408 [hep-lat]
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F
Kπ
+ (0) = 0.956(8) ∼ 0.8%

FK

Fπ
= 1.193(5) ∼ 0.5%

also here to do better we should include effects that have been neglected up to now. . .



isospin breaking effects on the lattice
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FK/Fπ & FKπ+ (q2) beyond the isospin limit mu 6= md

there are two sources of isospin breaking effects,

mu 6= md| {z }
QCD

qu 6= qd| {z }
QED

in the particular and (lucky) case of these observables, the correction to the isospin symmetric limit due to the difference of the up
and down quark masses (QCD) can be estimated in chiral perturbation theory,8>>>>>><>>>>>>:

FKπ+ (0) = 0.956(8) ∼ 0.8%

0@ FK
+π0

+ (q2)

FK
0π−

+ (q2)
− 1

1A
QCD

= 0.029(4)

A. Kastner, H. Neufeld Eur.Phys.J.C57 (2008)

8>>>>><>>>>>:

FK
Fπ

= 1.193(5) ∼ 0.5%

„
F
K+/Fπ+
FK/Fπ

− 1

«
QCD

= −0.0022(6)

V. Cirigliano, H. Neufeld arXiv:1102.0563

reducing the error on these quantities without taking into account isospin breaking is useless. . .



isospin breaking on the lattice

the calculation of QED isospin breaking effects on the lattice it has been don for the first time in
Duncan, Eichten, Thacker, Phys. Rev. Lett. 76 (1996)

QED is treated in the quenched approximation in its “compact” formulation

because the photons are massless and unconfined this approach may introduce large finite volume effects. . .

the calculation of QCD isospin breaking effects on the lattice poses a theoretical problem

Z =

Z
DUDψ e

−Sg [U]+Sf [U;mu,md]

=

Z
DU e

−Sg [U]
det(D[U ] +mu) det(D[U ] +md)| {z }

must be >0

if mu 6= md this can be only achieved by recurring to very expensive fermion formulations (overlap)

furthermore the effect is very small and it can be extremely difficult to see it with limited statistical accuracy



our QCD isospin breaking on the lattice

our idea is to calculate QCD isospin corrections at first order in md −mu:

Sf = ū (D[U ] +mu)u + d̄ (D[U ] +md) d

= ū (D[U ] + m̄)u + d̄ (D[U ] + m̄) d| {z }
S0
f

− (md −mu)
ūu− d̄d

2| {z }
∆mS3

the calculation of an observable proceeds as follows

〈O〉 + ∆〈O〉 =

R
DU e

−Sg [U]−S0
f [U]+∆mS3

OR
DU e

−Sg [U]−S0
f

[U]+∆mS3 =

R
DU e

−Sg [U]−S0
f [U]

(1 + ∆mS3) OR
DU e

−Sg [U]−S0
f

[U]
(1 + ∆mS3)

= 〈O〉 + ∆m〈S3 O〉 −∆m〈S3〉| {z }
=0

in what follows we shall neglect the ”interference” between S3 and isospin breaking effects due to the Twisted Mass term
because these vanish in the continuum limit



our QCD isospin breaking on the lattice

inserting ūu− d̄d within a correlation function amounts (after Wick contractions) to calculate the same observables but
with light propagators squared

Su = 1
D[U]+m̄−∆m =

1

D[U ] + m̄
+

∆m

(D[U ] + m̄)2

SD = 1
D[U]+m̄+∆m =

1

D[u] + m̄
− ∆m

(D[U ] + m̄)2

relations that can be represented diagrammatically as

+=

-=



our QCD isospin breaking on the lattice: two point functions

at first order in ∆m the pion’s mass and decay constants don’t get a correction (here π± but it works also for π0)

+ -=

=

-=

the kaons do get a correction

+ -=

=

-=

this means that at first order (δ stays for relative error while ∆ for absolute error),

δ
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F
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!
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F
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=
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our QCD isospin breaking on the lattice: kaon’s two point functions

what do we expect from corrected two point correlation functions?

CKK(t) = 〈K(t) K
†
(0)〉 = ZK e

−EKt
+ . . .

∆CKK(t) = T


〈K(t)

Z
d
4
x S

3
(x) K

†
(0)〉

ff

= (∆ZK − ZK∆EKt) e
−EKt

+ . . .

δCKK(t) =
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= δZK −∆EKt + . . .
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our QCD isospin breaking on the lattice: kaon’s two point functions

are we sure that the slopes correspond to ∆EK?
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the solid lines are not fitted, but theoretically predicted by using calculated M and ∆M

this kind of accuracy on kinematics at p 6= 0 is possible thanks to the use of twisted boundary conditions
G.M. de Divitiis, R. Petronzio, N.T. Phys.Lett. B595 (2004)

ψ(x + L) = e
iθ
ψ(x) −→ p =

θ

L
+

2πn

L



our QCD isospin breaking on the lattice: kaon’s two point functions

here we see the light quark mass dependence of the corrections to MK and FK
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the results are VERY PRELIMINARY
at present we have performed simple linear extrapolations but NLO chiral perturbation theory formulae are known. . .

remember: these are QCD isospin breaking effects

in order to extract md −mu from these numbers we must subtract from the physical values of M2
K0 −M2

K+ the QED

isospin breaking effects

do we know something about that?



our QCD isospin breaking on the lattice: kaon’s two point functions

here we see the light quark mass dependence of the corrections to MK and FK
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do we know something about that?



our QCD isospin breaking on the lattice: kaon’s two point functions

for the kaons and pions we can define

M
2
P|{z}

physical mass

= M̂
2
P|{z}

QCD mass

+ ∆P|{z}
QED correction

at LO in the chiral expansion one has (Dashen’s theorem)

∆P = A(eq + eq̄) + O(mq) −→

8>>>><>>>>:
∆
π0 = ∆

K0 = 0

∆
π+ = ∆

K+ 6= 0

(∆
K+ −∆

K0 )− (∆
π+ −∆

π0 ) = 0

corrections to the Dashen’s theorem are parametrized in terms of small parameters (δπ = M2
π+ −M2

π0 = 1260MeV 2)

8>>>>>>><>>>>>>>:

∆
π0 = ε

π0δπ

∆
K0 = ε

K0δπ

∆
π+ = (1 + ε

π0 − εm)δπ

∆
K+ = (1 + ε

K0 + ε− εm)δπ

8>>>>>>>><>>>>>>>>:

ε
π0 = 0.07(7)

ε
K0 = 0.3(3)

εm = M̂2
π+ − M̂2

π0 = 0.04(2)

ε = (∆
K+ −∆

K0 )− (∆
π+ −∆

π0 )/δπ = 0.7(5)

the numbers for the ε-parameters are from FLAG:

G.Colangelo et al. arXiv:1011.4408



our QCD isospin breaking on the lattice: kaon’s two point functions

by using previous numbers we get,
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our QCD isospin breaking on the lattice: form factors

in order to calculate QCD isospin breaking corrections to K → π`ν form factors one needs to calculate,

〈π|T
Z

d
4
x S

3
(x;µ) JW (0)

ff
|K〉 −→

8>>><>>>:
˙
K̄
˛̨

T
nR

d4x H∆S=1
W (x;µ) H∆S=1

W (0;µ)
o
|K〉

〈π|T
nR

d4x H∆S=1
W (x;µ) JW (0)

o
|K〉

a key difference with respect to the calculation of long distance effects for K → πνν and K-K̄ mixing is that the isospin
breaking correction does not induce the decay of the Kaon. . .

diagrammatically, the K0 → π+ case looks like

-+=



our QCD isospin breaking on the lattice: form factors
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what do we expect from corrected three point correlation functions?

C
µ
Kπ

(t) = Z
µ
Kπ

e
−EKt e−Eπ(T−t)

∆C
µ
Kπ

(t) =
“
∆Z

µ
Kπ
− Zµ

Kπ
∆EKt

”
e
−EKt e−Eπ(T−t)

δC
µ
Kπ

(t) =
“
δZ
µ
Kπ
−∆EKt

”

-



our QCD isospin breaking on the lattice: form factors

putting everything together we get

FK
0π+

+ (q2)
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outlooks

some ”trivial” statements:

in the postdiction era we should calculate everything

give priority to quantities that have been (can be) measured with high precision

to improve the accuracy of very well known observable we should add effects that have been neglected up to now
(long distance, isospin breaking, etc.)

QCD isospin breaking effects can be calculated on the lattice at first order

preliminary results are encouraging. . .

first small steps toward the calculation of long distance contributions to rare semileptonic kaon decays and K-K̄ mixing. . .


