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[I. Brief survey on rare decays ]
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[ Past, Present and Future Experiments ]

NA48 (CERN),KTeV (Fermilab) ¢, Kea, K — am/amm, K — 7wy,
K—-snlti, ¢

NA62 (CERN) Kt s atur, KT — ntyy
K°TO (J-PARC) K; — 7w

TREK (J-PARC) Kt — muty,

KLOE-2 (KLOE) (DAD®NE) CP issues, radiative decays

OKA (ISTRA+) (IHEP, Protvino) Kaon decays (BR ~ 103 -108)
KLOD (IHEP, Protvino)  (:¢1 K — 70w

'f

Project — X (Fermilab) (& K — v, Kp — a4 4~

LHCb Ks—putp, Kg— moutpu~
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[ Outlook on rare decays ]

Type Processes
K—=/0t, K—nlti

K — mmlTe

Main Features

Low-energy dominated, many FCNC

Processes

K =y, K — qyy ™)
K —amy" K —eteete

Main Features

Low-energy dominated, some FCNC
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Type Processes

” K —mvv, K — yvv

K — mmvy

X

Main Features

High-energy dominated, FCNC

g V. Cirigliano, G. Ecker, H. Neufeld, A. Pich, J.P. A
Kaon Decays in the Standard Model,
L Rev. Mod. Phys. 84 (2012) 399

BR > 101!
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Non- Rare versus Rare Decays

BR > 107 BR <107

Kt = naty,  06355(11) K+ — 1ty 0.1003 (56)
K" —7%utv, 0.03353(34) K+t s rtete—~ 1.19(13)x10°
K; — nteTv,  0.4055(12) Kt s ntete 0.0300 (9)

Kt — gtqY 0.2066 (8) Kg — vy 0.263 (17)

Kt —» atata™ 00559 (4) Kg— muTu~  29(1.5)x10*

Kg — w07 0.3069 (5) <9x 10" (o0%cL)

Kg— mtn 0.6920 (5)
K; — 707070  0.1952(12)

K; > ntn 7’ 0.1254(5) +

Kt — 7tg0y 2.75(15)x10* K; — putpu ete 2.69(27)x10%
Ki — vy 5.47 (4) x 10 Kr — 7%t <3.8x10% @oxc

K; —mtn~~ 4.15(15)x 105 Kt = ntup 1.7 (1.1) x 10°°

Kqg — 7T+7T_’)/ 1.79 (5) x 103 K; — mvo <6.7x103 (90%cL)
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[ Il K+ — mr0H - Ko — Mw—]
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KT Kg - mlte |

'

Long-distance dominated

i [ d*z et (n(p)|T{JE,Las=1(0)} |K;(k)) =
= ‘iin‘i’ff Vi(2) [2(k +p)* — (1 —r3)q"]

q=k—p, 2=q¢*/M%, rp = My /Mg 1=+,5

zZp = ?"?r + 1/3} ryv = ﬂ/jv/ﬂ/f}{

IFIC - Instituto de Fisica Corpuscu

lar



[ Analysis ] K —s o Fy(z) loop
e 5 - ™ /—H Y -
Vi(2) = a4 bzt EEEE (14 2] (8 (/72) + ]

z = q*/M¥,
" Not fully determined by chiral symmetry (LEC’s)
ar,as ~ Ot + ..
aj,b; —= 4 6 Tiny Kaon loop
b—l—: bs ~ O(f ) + O(p ) + .. contribution
Higher energy contributions

—  Devlin and Dickey parameterization of KX — 777w
ar, By ~ AT =1/2 (Gg), AI=3/2 (Gar)
?

ag,Bg ~ Al = 3/2 (G27)4— [Ananthanarayan et al, 2012]
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a - I /—/H e -

Vi(2) = aj + bz + 2latlilzz0) {1 + @] 1 (2/17) + 5]

GFMff'rﬁ
z2=q*/Mp
[ Not fully determined by chiral symmetry (LEC’s)
ar,as ~ Ot + .. (" ) 0 4\
aj,b; = 4 6 o — My T
by, bs ~ O(p*) + O(p°) + ...
" a; bj > 0

Higher energy contributions

—  Devlin and Dickey parameterization of KX — 777w

ar By ~ AT =1/2 (Gg), AI=3/2 (G$7)

Ay, /Bj —
ag,Bg ~ Al = 3/2 (G27)4— [Ananthanarayan et al, 2012]
M? 2 Vector Meson Dominance
v—4d \%
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[ Phenomenology ] [NA48/1, 2003,2004][NA48/2,2009,2011]

Process Br x 10° a b b/a
KT s nteTe™ 314 + 10 —0.578 £0.016 —0.779 £0.066 ~ 1.35
KT —satutuy~ 962425 —0.5754+0.039 —0.813 £0.145 ~ 1.41
Kg — mlete 5.8729 1.06/0:3 as M% /M2 i
Ks = mutp” 2003 [1.54] 555 as Mi /M; :

KT o rteter Kt — ntputu-

6 L 3 I
1 25 ]._l -
g ] el 7 m
o -
—4—_ S 2 - I
x ] » .
; i = r
V3 %1.5— -
g ) .
N ] - r
S 5 ] N L
=X 2 T 17 -
_'E 3 = NA48/2 = * NA48/2 I
1 — Linear + Chiral < 4 — Linear + Chiral
15 : 05— | i -
i - Linear - Linear
4 01— | , , | , |
0 0.1 0.2 03 0.4 0.5 0.2 0.25 0.3 0.35 0.4 045 0.5
z

IFIC - Instituto de Fisica Corpuscular



| Models... |

[Ecker et al, 1990]

Weak Deformation Model — w,, — u,, + GsFZ {u,,usu’} — 2 GsF? (u,udeul) 1

[Friot et al, 2004]
Large-N. QCD, Minimal Hadronic Approximation: a; +b; 2 = f (z, Mg, M? )

[Dubnickova et al, 2008]

Padé-type approximation involving resonances and chiral loops

[Coluccio Leskow et al, 2016]
Bardeen-Buras-Gérard model, Large-N., M = 0.7 GeV, a, by
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[ .. and the Lattice ] [RBC and UKQCD, 2015, 2016][Isidori et al, 2006]

1 : . : - - ‘ - V_,_(z) = a4 -+ b_|_Z

el e Unphysically heavy pion and kaon masses.
e Unphysically light charm mass (GIM).
Extrapolation to the physical point:
O(p*) xPT results.

Viz)
°

a, = 14407, by = 0.7+0.8

51 1z 10 08 06 —04 —02 00
7= % /Mg

Process Br x 108 a b b/a

Kt —s7ntete 314+1.0 —0.578+£0.016 —0.779 £0.066 ~ 1.35
Kt —atutu™  962+025 —0575+0.039 —0.8134£0.145 ~ 1.41
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[ Charge aSymmetry ] [D’Ambrosio et al, 19/98] .

Interference between K — 7™ and
'K+ Tt — T(K— — )ty B —

(KT = mrd7em) (K~ = 7m{707) Q7v=[S’Y”(1—’YS)d]Z[€%€]
\- t=e,p J

DKt - 7nt0) —T(K~ -7 4t0) « [dzIm(ay +byz) Im (Vi(2))

Imo, _ ME At = Via Vi
Ima, — M Im )\, ~ nA> A2

Ima, = %%Im)\t

(KT —ntete) —T(K —m ete )| 10~5 x Im x|
NKt—orntete )+ T(K-——n—ete™) — 10—4

08 T T T T T T T

Unintegrated asymmetry

0.6 -

%(K+—>W+8+e_) — i—E(K_%'rr_e+e_)|

0L(2) = “TRFoarere ) I K Srere) Lo
.. far away of the dominant background oz f
K:IZ _> ﬂ-:I:WO ['j» 1 1 1 L 1 1 . | | ‘. . ]
D 0 02 04 0.6

2 = (M../Mg)? > 0.08 :

L etTe



L Ky a0t
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Long-distance contributions

[ K I, _> 7TO € —I_ E_ J Short-distance contributions

KL — 7"'0/7* ﬂq{ S(z,y),P(z,y),V(z,y),A(z,y),

z~(p+p)? y~pr-(p—p)

1. CP-violating contributions

[Flynn et al, 1989][Heiliger et al, 1993][D’Ambrosio et al, 1998][Buchalla et al, 2003]
[Isidori et al, 2004]

- Indirect CP-violating transition due to K9 — K oscillation

T

ASt (K — 70t 7) = e x IV

Vind(z) = +¢ las + bsz + VI™(z)]

IFIC - Instituto de Fisica Corpuscular



- Direct CP-violating transition

£35=1 = ~SE v, | Crv () [599(1 = 45)d 7 [vul] +Cralp) (1 =75)d] Y [Pruvst]

l=e,pu l=e,u

C; ([.L) = Z?,(H’) ,\ yz(”)
Var(z) =4 % yry Im A\, f27(2)

Alz) = i%ym Im )\ fE7(2)
P(z) = —i % Y74 Im N\, fE™(2)
<W(pﬂ)|§7ﬂu |K(pK)> — (pK +p7r),u fﬂ-(t) + (pK _p‘!r),u fiﬁr(t) t=(px — p:rr)
All /Qﬂ{ contributions
i 2
BR (K — n’eTe) ‘CPV:m—” 157|a3|2j:62|a5|< >+24( ) ]
BR (KL—>7TOM+/,L—)| =102 x [3.7|as|® £ 1.6 |as]| + 1.0 Im A
CPV 10—4
Kg N A — |CL5| ~ 1
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2. CP-conserving contribution from K — 7%y — 7007 ¢~
[Heiliger et al, 1993][Isidori et al, 2004]
0

Assuming positive interference between the CP-V contributions
(theoretically preferred) ...

- BR (K — nlete™) BR (K — moutp™)

CP-V (3.14+0.9) x 1071 (1.4+0.5) x 1071
CP-C ~ 0 (5.2 4+ 1.6) x 1012
KTeV (90% C.L.) < 2.8 % 10—10 < 3.8 % 10—10

[KTeV, 2000,2004]]



{ V. Overview ]
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Rare Kaon decays provide an excellent framework to settle SM
predictions and, consequently, might foresee hints of BSM effects.

Most of long-distance dominated rare decays can also be predicted
reasonably well within a 30 % in the branching ratios. This is not
precision physics. In general, it will be difficult to increase the
accuracy in the theoretical predictions of these processes....but

LATTICE (RBC and UKQCD) has started the study of several Rare Kaon
decays: K — n/™¢/~ and K — wuvv.

From a SM theoretical point of view our comprehension of X' — 7/™/~
decays is satisfactory. We can only proceed further by the use of models
or LATTICE.

The experimental measurement (K°TO, JPARC) of K; — #%/+/— would
provide valuable information on the SM contributions.
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© Mike Pennington, 1981

Stubbornly
Testing QCD

http://ific.uv.es/lhcpheno
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