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Motivation



Non-Leptonic Kaon Decays

@ Experimental values for K — 77 are very well measured in
two isospin channels, | = 0,2 and it differs strongly from the
Large N, prediction.
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@ State of the art result by RBC-UKQCD, 2015:
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@ Our goal: combine knowledge from Large N., Chiral
Perturbation Theory and Lattice QCD to understand the
origin of the underlying dynamics.



Current Lattice results for K — 7w

RBC-UKQCD, PRDI1 (2015) and PRL115 (2015)
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— one color trace — O(N,) C1 — two color traces — O(N?)
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Open Points

A cancellation between two different diagrams seems to be the
source of the enhancement. However, diagrams by themselves are
not physical.

A more rigorous way to formulate it would be in terms of big
La ge N, corrections, and this can be tested non perturbatively.

Even if the result would eventually agree with the experiment, the
origin of the enhancement in the I=0 channel is not clear.

In addition, La ge N. inspired approaches are usual in
phenomenology (Pich, Buras...) and understanding the dynamics
can be useful.
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Framework



Effective SU(4)r Theory
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OF = (Syu)(@yd) £ (57,d)(@vu) — (u ¢ c)

SU(4), x SU(4)r: OF — (84,1) O~ — (20,1)
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Relating K — 7 to Ay and Ag

HWOCngOJr—ngOi, (1)
The tree level result in ChPT for the ratio is:
Ao 1
— 14 3 2
Ay 22 ( ) @)
Determine g* from Lattice QCD:
(K|OF|m) o g* (3)

In particular, one can test the scaling with N. and My, M.
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Color-connected O(N,) Color-disconnected O(N?)



Quenched Results

Lattice Results in the Quenched Approximation



Technical details

@ Test the N, scaling of:
(K|O|m) o g+ (4)
@ Quenched Lattice QCD with twisted mass fermions
@ Mass around 570 MeV
@ Lattice spacing a ~ 0.093 fm
e N.=3-7,8,17
@ Perturbative one-loop renormalization of the correlation
functions
@ Running Wilson coefficients to one loop



Results for K — 7 at Large N,

A. Donini, P. Herndndez, F. Romero-Ldpez, C. Pena, PRD94 (2016)
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La ge N, corrections for K — 7 are fully anticorrelated and point
towards an enhancement of the ratio!



Results for K — 7 at Large N,

A. Donini, P. Herndndez, F. Romero-Ldpez, C. Pena, PRD94 (2016)
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La ge N, corrections for K — 7 are 30-40%

However, RBC-UKQCD (2015) obtained ~ 70%



Dynamical ensambles

Dynamical Simulations Nf =4 and N. > 3



Details of the simulation

Quenching gives the exact Large N, limit but it can alter
subleading 1/N, corrections.
= repeat our study with dynamical fermions

@ N. = 3 Parameters inspired from ETMC, N =2+ 1+ 1:
Iwasaki gauge action.

@ Cq, is taken from N. = 3 perturbative result boosted with the
plaquette. For N. > 3 is taken as constant. (Aoki and
Kuramashi, 2008)

@ Use mixed action setup: Wilson in the sea + TM in valence
sector, as in CLS, arXiv:1711.06017.

o Lattice spacing a >~ 0.075 fm and lattices with
Lx T =20x32, 24 x 48 and 32 x 60



Scale Setting

A light charm has a big impact in fermionic observables
= need an observable "independent” of Nf

Scale setting through ty depends weakly on Nf at one loop and
Nf = 2,3 are available.

3 N2-1

(PE() = gz M@ (1 2M@) +00%) . (5)

with ¢ = 0.36593 + 0.0075 4.

For every value of N, use for scale setting:

(MVE)| - =03000(83). (6)




Scale Setting N, = 3,4

Chiral behaviour of ty is known (Bar and Goltermann, 2014):
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Scale setting N. = 3 (8 = 1.778)

a = 0.0753(10)5(4)"2¢ fm

Scale Setting N. = 4 (8 = 3.570)
a = 0.0763(10)¥5t(2)*% fm




Additional Information to N, = 3,4

NC:3 Nc:4

Some remarks:

@ Top. Charge is
suppressed with N..

auto - 35(12) auto - 34(12)
auto blows for the Top.
Charge.

7. does not change.

@ Mass dependence in ty
is suppressed.

Tacl.)lto = 8(2) T.S;to = 73(28)



Results with Nf =4 and N, = 3



K — 7 in Nf = 4 dynamical fermions
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K — 7 in Nf = 4 dynamical fermions

Preliminary Results
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It seems to agree with RBC-UKQCD (2015).



Mass dependence in K — 7

Preliminary Results
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Mass dependence for K — 7 is very flat!
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Mass Corrections

Mass Corrections in N = 4 ChPT



SU(4)r ChPT Predictions at NLO

SU(3)r ChPT results are known, but we need an active charm.

With Hyy < gt O + g~ O, we calculate at leading log:
e M, Mp — 0 and M,‘)(hys

Ao g
710 o= (1432
Ag | M Mp—0, M2 24/2 g"

.3 g M2
— | —F=Tr 1+57 B ——
42 < g*) (4V2rF)2’
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SU(4)r ChPT Predictions at NLO

Preliminary Results
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Enhancement is still far away from the experiment by a factor 2.
NLO result is up to 25%.




Conclusion

Conclusion and Outlook



Summary

@ Puzzle of the Al = 1/2 still very challenging.
@ Explanation for the hierarchy between Agp and A still unclear.

@ Possible factors: 1/N, corrections, breaking of SU(3)r,
contribution of the charm

@ A dynamical charm quark enables the disentaglement of the
effects.

o Lattice QCD can help not only to give the Standard Model
prediction, but also to conceptually understand this
enhancement.



Outlook

More dynamical lattice simulations with Nf = 4 and N. > 3

Explore the case Nf =3 +1

@ K — 7 directly on Large N, Lattice QCD

Ab initio exploration of the N. dependence of other quantities
such as LECs or ¢'/e (— Useful for phenomenology.)

Explore the contribution of other operators BSM and obtain
constraints
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