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Open problems in kaon physics...

1) Direct vs Indirect CP violation
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2) The Al =% “rule” (by now 60 years old)

(2015) 212001]

Ag

As

= 22.35

Lattice 2017, Granada, 21/06/2017



Anatomy of Al =% “rule”

* a PT enhancement of A, with respect to A,?

Ao | _ ky (Mw) {(mm)1=0|Qy | K)
As| kT (Mw) (7m)1=2|QT |K)
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Anatomy of Al =% “rule”

* aPT enhancement of A, with respect to A,?

[Gaillard, Lee; Altarelli, iani 1974}

Ao
A

ky (Mw) ((77)1=0|Q7 | K)

K (Mw) ((7m)1=2|Q7 | K)

e a consequence of the charm decoupllng?
[Shifman, Vainshtein, Zakharov 1975-77]

checking requires a reliable NP QCD computation

[Cabibbo, Martinelli, Petronzio; Brower, Maturana, Gavela, Gupta 1984]
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Numerical charm decoupling

Me =My =Mg =Mg — mc>>mu=mdsms

3_1. = T T
No apparent charm ® &
. - [
decoupling enhancement { {
However: a~0.12 fm
* Quenched L
* Far from physical : . ;
charm mass
05 | 0] ' 02
am.__
“Experimental” values: ® ga7 ~0.5
® gg ~ 10.5
[ Giusti, Hernandez, Laine, Pena, Wennekers, Wittig 2007 ] [ Endress, Pena 2014 ]
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Anatomy of Al =% “rule”

* aPT enhancement of A, with respect to A,?

[Gaillard, Lee; Altarelli, Maiani 1974]
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ky (Mw) ((mm)1=0|Qy |K)
ki (Mw) ((77)1=2|Q7 | K)

* a consequence of the the charm decouplmg?

[Shifman, Vainshtein, Zakharov 1975-77]

checking requires a reliable NP QCD computation

[Cabibbo, Martinelli, Petronzio; Brower, Maturana, Gavela, Gupta 1984]

e other effects...
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On the other hand: RBC/UKQCD
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[RBC-UKQCD, PRDI1 (2015) 074502)

Color counting in LO PT = G = (;/3; Non-PT effects = G, » —-0.8C;

CLAIM: Puzzle of Al =1/2 rule is resolved from first prlnc:|ples
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Emerging “conspiracy” picture

e The Al =% “rule” is the combination of
several effects, all of them enhancing Al =1/2
with respect to Al = 3/2 kaon decays

— PT enhancement of Wilson coefficients (k-; > k*,)
— Charm decoupling (maybe larger near m,)
— Final state interactions? still to study...
— Bulk long-distance QCD effect (connected diagram
is larger than expected at N_ = 3): let’s
study the N_dependence of physical amplitudes A*
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Simulation strategy for N_dependence

* workinthe SU(4) limit: m_=m, ,=m =m,
— a simpler effective hamiltonian:

}7{SSE=1:= j[‘ji gwr ‘/t'vr kO' ~O
v riYes Z Q° (z,p)

e use twisted mass QCD:

— affordable computational time, multiplicative
renormalization, O(a?) corrections

e quenched
e correlators and confs computed using code from

]

Frezzotti, Rossi 2004
r

[
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RGI amplitudes

To work with scale-independent quantities:

Good N_ scaling

—%@ a(p) A0 o
T ° ) 17(9) 16
“) = exp{ /o 49 [ B(g) bog]}

from the Callan-Symanzik equation

Q° =& (n)Q° (n)

The physical observable (two-loop PT running in RI):

k2 (Mw)] taos \ o B ~o
| [e ) Q7 ()] = K (M) U s, M) @ ()
[Ciuchini et al. 1998; Buras et al.
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The observables

We compute ratios of (renormalized) three- to two-point functions

. ﬁ@i K .
= ) e 7 R

163 lattices
fr frmigmy

Renormalization constants (Rl scheme) at ~ 2 GeV in one-loop PT from
Ay oA Ao 1 1 W
D R s g
+
( Ay v2\2 " 24 large N_
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The observables

We compute ratios of (renormalized) three- to two-point functions

163 lattices

: (r|Q*|K)
= Frc famume (1) 25 (n)R*

Renormalization constants (Rl scheme) at ~ 2 GeV in one-loop PT from

Ay A Ao 1 1 3A
D R (s g
( Ay V2A\Z 247 large N_

A by-product in the SU(3) limit:  (By = ZR+
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Simulation parameters

N. T/a B aMpcAc amps Rg‘are RC .

3 48 6.0175 -0.002(14) 0.2718(61) 0.774(21) 1.218(31)
4 48 11.028 -0.0015(11) 0.2637(39) 0.783(15) 1.198(19)
5 48 17.535 0.0028(9) 0.2655(31) 0.839(8) 1.145(12)
6 32 25452 0.0013(7) 0.2676(28) 0.871(6) 1.125(7)
7 32 34.8343 -0.0034(6) 0.2819(19) 0.880(5) 1.122(5)

B and k_ from detailed studies of large N_ spectrum

fixed a+y/o ~0.2093 = a ~ 0.09 fm

work at fixed quark mass at maximal twist with twisted bare mass au=0.02

roughly constant pseudoscalar mass m,. “m,
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Observables autocorrelations
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We checked that ALL measurements are
(UWerr-)decorrelated
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Chiral corrections

<nt|Q,| K> matrix elements can be related to <rut|Q,|K> in ChiPT
Wise 1984]

Holstein 1982; Bijnens, Sonoda,

Golowich,
1985]

[ Donoghue,
[Bernard et al.

the relation between B, and A* holds beyond the chiral limit

aslongasm,=my=m,

+,-0 :
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9 mi ma.
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+.0 -+ ;
T | Hw | K = Ny - -
( ‘| V‘l )mzao K rni-—rn%

[Golterman, Leung 1997]
17
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Chiral corrections: caveats

e out of SU(3) limit, chiral logs are much larger for
kaon mixing than for kaon decay. B, is no longer

directly related to A*

[ Donoghue, Golowich, Holstein 1982; Bijnens, Sonoda, Wise 1984]
* higher-order ChiPT corrections argued to be large
[ Truong 1988; I 1Y, altman, Weir ein, Barne: 190 ;
Kambor, Missimer, ler 1991; llante, Pi 1998]
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Results: B,
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Very small N_. dependence, consistent with theoretical expectations
[Buras, Gérard, Bardeen 2014]
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Results: A* and A"
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Results: from A*and A"to A, and A,

0.90 \ \ \ \ \ \ \ 0.00 \ \ \ \ \ \ \
0.00 0.05 0.10 0.15 020 0.25 030 0.35 0.40 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
1/N, 1/N,
“Physical” disconnected diagram  “Physical” connected diagram

scales to 1 quadratically in 1/N_ scales to O linearly in 1/N_
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Conclusions and Outlook

* Missing systematics: quenching, PT
renormalization, far from physical masses....
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* Indeed large N_ corrections for N_ = 3, not
enough to explain the Al =% rule but in the
good direction (compatible with naive exp)
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Conclusions and Outlook

* Missing systematics: quenching, PT
renormalization, far from physical masses....

* Dynamical quarks are feasible ioecrana, wiu 2016

* Indeed large N_ corrections for N_ = 3, not
enough to explain the Al =% rule but in the
good direction (compatible with naive exp)

* Large N_-dependence for m_ > m m,?
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Conclusions and Outlook

Is there an
underlying
reason for
which ALL
effects go in
the same
direction?

Lattice 2017, Graraua, ZI7Uo7Z0L7

16]

29



K =t diagrammatics

Integrating out W, t and c
~ we get an effective lagrangian
with 10 four-fermion
operators
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