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Mg+ = 493.677(16) MeV
Mgo = 497.614(24) MeV
X . )
L ’, ------ 0\ K(496)
ok 7,-.(’ (?,—)0 \I‘-w* 7(549), 7(138)
s I ‘:__ ______ 'élo K (496)
e R
Trt 1.2380(21) x 10~ °s
cTg+ = 371.2cm
Tks = 0.89564(33) x 107 s
CTKs = 2.7cm
Tk, = b5.116(21) x 10785

cti, = 1534 cm
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Scale factor/ p

K+ DECAY MODES Fraction (I;/T)  Confidence level (MeVjc)
Leptonic and semileptonic modes +
ety, ( 155 +007 ) x 10-5 147 K
wr, (6344 +£0.14 )% | 5=12 23
Wety, (498 £007 )% 5=13 228
Called K7,
Oputy, (332 +£006 )% §=12 215
Called K*,. + +
g ™ " K™ = u'v
ety, (22 +04 )x10 206 M
wtx-ety, ( 409 +009 ) x 10-5 203 0
atauty, (14 +09 )x107% 151 K + — 7T+7T
1%ty < 35 «107% cL=o0% 135
Hadronic modes
atad =
(2092 +012 )% S=11 206
PR of o ( 1.75740.024) % S=1.1 133 Hadronic modes with photons
atata ( 5.500+0.031) % s=11 1% 7wtxly [¥z] (275 £0.15 ) x 104 208
- - 7+ x0+(DE) lzbb] (44 207 )x10-6 208
" Leptonic and semileptonic modes '“"'_u;. ata0n0y z] (76 *35 )x10-6 133
;%7 EH NI S - rtatany [¥z] (104 L0 ) x 104 125
¥ vy (SDY) [aa] < 30 x1075 CL=00% T xtyy Bl 110 £0.32 ) x 10~5 27
* *INT) 27 x107% C1L=00% - + P -4
W vuy(SD [ad] < xt3y ] < 10 x104 c=00% 27
ptv,y(SD™ + SDTINT) [aa] < 26 x 10-4 CL=00% - wich 20
etu,7(SDY) (a3 (152 £023 )x10-5 ol T w“{ . — PR
+ - -4 A _ e x =
io" 57(50 ) [+ < ;:9 _— ”12_4 EL I < 60 x10-6 CL=00% 2%
il bzl ( ! i et veet e (248 020 ) x 108 07
L 9+Ve‘7(50) [aa] < 53 x 10_5 0=90% 228 ptyete ( 7.06 +0.31 ) x 10-8 236
utuy,y vz] (24 +08 )x10 A ory ity (17 405 )x10-8 o
ﬂ'o“"09+"e')' < B x10-6 cL=00% 206 pryptp < 41 x 10~7 CL=00% 185
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p

K DECAY MODE! Fraction (T;/T)  Confidence level (MeVc)
Hadronlc modes
7070 (30.60+0.05) % 209
ata— {69.20+0.05) % 206
atx—x0 (35 133 )x10-7 133
Modes with photons or £Z pairs
atx—y [v.F] ( 1.79+0.05) x 10—3 206
atx " ete ( 4.60+0.30) x 10~ 2 206
70 yy [F] (49 +18)x10-8 231
vy ( 2.84+0.07) x 10—0 249
Semileptonic modes
¥ ey, [g8] ( 7.04+0.09) x 10—4 229
K g — T
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Scale factor/ p

xf DECAY MODES Fraction (I;/T)  Confidence level (MeV/c) o )
Charge conjugation x Parity (CP) or Lepton Family number (LF)
Semileptonic modes violating modes, or AS — 1 weak newtral amvent (51) modes
e -9
B [g5] (4053 +0.15 )% |s=21 20 KK - A L -
Glled K75 ete st (o ) )xw0 22 249
B [g2] (27.02 +0.07 )% | 216 wxtrete S1 [i] (311 £019 )x10~7 206
Called KU m0nlet e~ s1 < 66 x1079 CL=00% 209
(x pasom)y (106 £011 ) x 10~ e (ETE st (269 £0.27 ) x 109 25
0k oF : : 5 ete ete s1 ( 356 +0.21 ) x 1078 249
i [ez] (520 £0.11)x10 01 20+ - CPst [jj] < 38 x10-10CL=00% 177
(CPV) modes :rge+ e~ CP,S1 [jj] < 28 x10-10cL=00% 231
- vy CPSI[kk] < 59 x1077 CcL=00% 231
319 . (19.56 +0.14 ) % 5=19 & F el < A7 el e e
Thw (12.56 +0.05 ) % 133 oty FyuF LF |[gg] < 412 x10-11cL=00% 225
T CPV ( 1.976+0.008) x 10~ 06 g0,%F LF  [gg] < 62 x1079 cL=00% 217
070 cPV (869 +004 )x10-4 s=11 209
Semileptonic modes with photons
7+ eFu,y [v&gii] ( 3.79 +0.08 ) x 10-3 229
T uFy,y (564 023 )x10~4 216
Hadronic modes with photons or £Z pairs
a0y < 56 x 10~6 209
ata ] (417 £0.15 ) x 1075 206
702 [i] (149 +008 )x10-6 s=20 231
wyete (23 +04 )x10-8 71
Other modes with photons or ££ pairs
2y (548 +005 )x10-4 S=12 249 4 )
3y < 24 x10~7 CL=90% 249 li L — T E Vg
ete (100 +05 )x107% s=15 29 K
+ - -7 s
utu—ny (350 +0.11 ) x 10 s=13 2%
ete 1y [i] (595 +0.33 )x10~7 249 KL — T L
ptury @ (10 *3§ )x10-8 25 \_ )
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[ Discovery of kaon meson (strangeness)] Rochester, Butler (1947) 2]

- Cosmic ray particles which were just like pions except for their long lifetime.
- Always produced in pairs
- Mass ~0.5GeV _
Kt > 7ntntrn 3]
(A)V° decay (B)V*decay \a

ll!,,l__l.J

. /
’T:l:—>7T:|:7T+7T T:t—>7T:|:7TO7TO
0F — 10 0 - ntn—

VO o gt~ VT — VJW/H

M, ~ M, >~ Mg+ >~ Mgo >~ Myo >~ My+
M ~ 0.5 GeV




[The T-0 puzzle]

™ 5ttt M; ~ My )
- [ —— T=20
6F — rtnd I'r =1
Parity
6= — nEqd
_ + 0V (_1\2(_ 1\ — (1]
np(0) =np(r ") = (-1)°(-1)" = (-1) | np(0) = +1
0° — %7 — even spin B

7'i — 7ri7r+7r_

np(r) = np(r=mtn”

) = (—13(=1)HH = (-1

L = relative orbital angular momentum of the two identical pions. L even (Bose symmetry)

¢ = orbital angular momentum of the third ("odd”) relative to the center of mass

of identical pions
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1+

2+

3+

3+

no

yes

yes

no

no

no

no

yes

np(0) = +1 np(T) = —1
np(0) = np(rFr’) )
np(r) = np(nratn”) ¢

) Violation of Parity

Lee & Yang (1956)

No convincing evidence of Parity Symmetry in § — decays

Wu et al (1957)  [s]

Experimental evidence of Parity Violation
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> W b oPE

The remainder of the lecture

Survey on kaon decays
Nonleptonic decays: Al = 1/2rule
CP-violation

Rare decays: K — mvv , K — w10~
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[ 1. Survey on kaon decays }




Non- Rare versus Rare Decays

0.03353 (34) Semileptonic Decays
0.4055 (12)

0.2066 (8)
0.0559 (4)

Non-leptonic decays

)
)

0.6920 (5

(

(
0.3069 (5

(
0.1952 (12)

275(15)x 10"

5.47 (4) x 10 Radiative decays
415115, (10

1./906)x10
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[ Non- Rare versus Rare Decays

BR <107

KT — 7ty 0.110 (32)
K+ = gtete n 1.19(13)x103
Kt > gntete” 0.0300 (9)

Kg — vy 0.263 (17)
Kg—mutu~  2.9(15)x10%
K — 1y 0.1273 (34)
Kr —utu 0.0359 (11)
K; —»ete™ 9 (*°,) x 107

K; > ntn ete” 0.0311(19)

K; — u+u_e+e_ 2.69 (27) x 104

Krp —muTpn™ <1.8x10° @o%cl)
Kt > ntuvp 1.7 (1.1) x 10°°
K; — Y57 <6.7x103 (90%c.L)



[ Non- Rare versus Rare Decays

BR <107

Kt — atayy 0.110 (32)
KT — ntete y 119(13)x10°
AS =1 weak neutral KT 5 rntete 0.0300 (9)
current modes (FCNC) Kg — vy 0.263 (17)
Kg—mutu~  2.9(15)x10%
K — 1y 0.1273 (34)
Kr — utu 0.0359 (11)
K; —ete” 9 (*°,) x107

K; > ntn ete” 0.0311(19)

K; — u+u_e+e_ 2.69 (27) x 104

Krp —muTpn™ <1.8x10° @o%cl)
Kt > ntuvp 1.7 (1.1) x 10°°
K; — Y57 <6.7x103 (90%c.L)




[ Non- Rare versus Rare Decays

BR <107

Kt — 7ty 0.110 (32)
Kt = ntetey 119(13)x10°
Kt > gntete” 0.0300 (9)
Kg — vy 0.263 (17)
Kg—mutu~  2.9(15)x10%
K — 1y 0.1273 (34)
Kr — utu 0.0359 (11)
Tiniest branching ratio ever B o 9 (*6,) x 107

measured .... as today

K; > nn ete” 0.0311(19)
(BNL E871)

K; — u+u_e+e_ 2.69 (27) x 104
Krp —muTpn™ <1.8x10° @o%cl)
Kt > ntuvp 1.7 (1.1) x 10°°

K; — Y57 <6.7x103 (90%c.L)



[ Non- Rare versus Rare Decays

BR 2 107

Kt =ty 0.6355 (11)
KT —7u%v, 0.03353(34)
K; = nfetv,  0.4055 (12)

Kt = 7t 40 0.2066 (8)

Kt a7 tn~ 0.0559 (4)

Kg — 707° 0.3069 (5)
Kg— ntr 0.6920 (5)
K — 197070  0.1952(12)
K; —»>ata— 7%  0.1254(5)
KT — ata0y  275(15)x 10*

Kp — vy 5.47 (4) x 104
K; - 7nTn~y 4.15(15)x10°
Kg—ntn vy 179(5)x103

BR <107

Kt — atayy 0.110 (32)
K+ = qptete y 119(13)x103

Kt > gntete” 0.0300 (9)
Kg — vy 0.263 (17)
Kg—mutu~  2.9(15)x 104
K — 1y 0.1273 (34)
Kr — utp 0.0359 (11)
K; —ete” 9 (*°,) x107

K; > nn ete” 0.0311(19)

K; — /["/,L_e"'e_ 2.69 (27) x 104
Krp —muTpn™ <1.8x10° @o%cl)
Kt > ntuvp 1.7 (1.1) x 10°°

K; — Y57 <6.7x103 (©o%cL)
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< on Kaon Decays ]

Type

vy

ot

Processes

Kt =0T (v), K—alty, (v)

K — mmlT (v), K — rrmet v, ()

Main Features

Low-energy dominated. Hadronization of
electrically charged currents: ¥PT

Processes
K0t K—omlti

K — mmlTi

Main Features

v'>>Z" — Low-energy dominated, FCNC



Type Processes

K —~yy"™, K — gyy®
K= amy™ K o eteete

Main Features

Low-energy dominated, FCNC

Type Processes

K — v, K — yvv
K — v

3

Main Features

High-energy dominated, FCNC
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Type

K — 7,

Processes

K — 7w

Main Features

Low-energy dominated, Al=1/2, ¢’

[ State of the art ]

Low-energy dominated
processes

—

High-energy dominated
processes

Chiral Perturbation Theory framework

Up to O(p*)
Dominating O(p®) contributions +/

AS=1 __
f’eﬂ:

Gr

=~ Vua

7

Vis Z Ci(p) Qilp)

1=1
IFIC - Instituto de Fisica Corpuscular



7

Short-distance kaon dynamics]

\

Semileptonic effective lagrangian

vy G _
Loy = -z SEW1/2 [E"Yu(l - 75)1/13} [ﬁi')"u(l - '75)Véjdj] + h.c.

f-i—

S = 14+ 22 (1 _ Z—fr) ln% o (%) — 1.0223(5)
p

i Long-distance dominated — Chiral Perturbation Theory

Kgg(fy) K — g Vy (’Y) ﬂvusl(Kﬁ?)) = 0.2255 (5)exp (]-2)th]

K — wly(ry) i)

Ky3(+)

[Val
0225

Kg4(,},) K — WWEV@(’)/) !

K
e5(7) T — T

K — nrmeve(y) [ao, ap scattering 1engths]
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IAS| =1 Effective Lagrangian

Very different mass scales : M, < Mg < My, — =)  Large logs

Operator Product Expansion and Renormalization Group wessy Ny — g < m,

Lceﬁms—l)———vdv* > Cil) Qi J

\/ Q2 = [$7"(1 — v5)u] [y, (1 — v5)d]
/‘""’\ 8 8
4 S SU(3) QCD currents

— 1
SUB) : (8®8)gymm =K 8 & 27 8 (AI = 2)
SU@r: 1@y = 56 3 (M_%g)
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QCD corrections @ =
u s d s (s =

v
Q4 -
u,ct u,Gt

9% 2
Qs =

[ AVAVAV,
(o]

a

c
Ko
Ko

Qe =

Electromagnetic and Z-penguins, W-boxes

3% (1 = 5)u’] @7 (1 — 75)d°]
(=) S [@9u(1 - 75)d]

g=u,d,s

F (1= 5)d’] Y [@.(1 = s)a”]

q=u,d,s

By (1 =75)d] > [@yu(l+75)d

g=u,d,s

(1= y5)d®] Y [@Pv (1 + v5)q]

q:uﬁdVS

d 3 _ _
et - Qr = 557" (1~ 7s)d] > eq[@ru(1+75)d]
a q=u,d,s
Wa‘ éW 3 o » o
g Qs = 5 [F""(1—5)d"] > eq [@ (1 +75)q"]
g‘y,z q=u,d,s
. * 3 _ »
) LI ; Qo = 5" —w)d ) eqlan(l—15)d
d W % 5 a=thds
(VW= Qu = 3 [F""(1-7)d] > eq [@ (1 = 5)q°]
' q=u.,d,s
u, ety y 4
——WWWW—— eq = charge of the ¢ quark in units ofe = V4ra
s W :
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E>pu Wilson coefficients: (1)
C’L(:U/) — C’L (M27 MWa Mg, Mp, Me, /J“)

Cilp) = i) +ruilp) 7= —ViaVi) VaaVs) OB o yilu)

Known at the NLO : O (ast"™), O (ag+1t”) t =In(My/Ms), My, My > p
E<u Matrix elements: (2| Oi(n) | K)
Methods : Lattice Gauge Theory, QCD sum rules, functional bosonization,

dynamical models, 1/N¢ expansion, ...

PR
QQ_Q17Q37Q47Q57Q6 (8L,1R), Al = 1/2

205 + 301 — Q3 (271,1R), AI=1/2,3/2
Q7, Qs (8z,1r),(8L,8R)
QQ: QlO (8L71R),(27L,1R)
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Mixing K — K0 : AS = 2 Effective Lagrangian

] W 5 _.'d" uct § q W 5 d W s S
u,c,t u,c,t w% %W uct( G
w d s uct g c ¥ 4 s s W d
G2
Lot (|AS] =2) = (1m)? C‘AS 2 (1) [57"(1 = v5)d] [$7u(1 — v5)d]
2 2 z = m;/My
Cas=2(p) >~ A.Gy(xe) + A Ga (x4) + 2 A G (e, x4) v - VU
A idVis
_ 16 .
(K9 |Qas=2 | K?) = 3 % My B (1) Bk = OfS(MQ)_Q/gBK(MQ)
e L o L i
3/4 0.724(30)  0.749(27)
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s

Long-distance kaon dynamics}

.

Chiral Perturbation Theory (weak)

= Chiral symmetry of massless QCD (spontaneously broken)

SU(?))L & SU(?))R — SU(3)L+R
= Perturbative expansion : p2/Ai, Ay ~ 4AnF, M, — 1GeV

. (’)(pz) Lagrangian :
£? = GgF*(\N(D*U)'D,U) (81, 1R)

+ Gar F* ([Lu]zs [L#]n + g [Lu}zl [LM]13) (27La 1R)

2
UzeXp (%% (b) ) D'UJU:aMU_iT,u,U—l_’iUE;L

L,=iU'D,U, ~ A=(Xs¢—iA7)/2 [5—d]



Gr

(s, Go7 determined from phenomenology Ggor = —E wd Vs 98,27
B S
4.96 0.285
LO 1V 4.99 0.253
NLO IC 3.62 (28) 0.286 (28)
NLO W, 3.61 (28) 0.297 (28)

IC = Isospin conserving, IV = Isospin violating

Octet enhancement
Bl 3 1
927 |nLo Al = 5 rule
as=2]
(2) G Miy t :
E’ASZQ_WQAS QF ()\UD U)()\U DMU) (27L71R)
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-

2. Nonleptonic kaon decays :
Al =1/2rule

~




[K%mr]

(isospin limit)

AKY = nf77)
AKY — 7%7Y)
AKT = 7txY)

we

1

V2

= AgeX0 — V2 Ay ex2
3

= = A2 Gixz
2 SU(3) QCD currents

: 4 \

MV

= AgeX0 + — Ayt

9 % /= g _
\3/ A — g Vud Vus (SWM(]- T 75)7“&) qg _ M]%V (uf)/u(]- T ’75)d)

G . _

/\ A= == Vud Vus (S’Y,Lb(l - 75)“) (U’}/“(l - 75)01) < Q2

d u \/5

| A, factorization
Vi = 154 Gp

_ " 4—1i5 4—i5 1442 1442

A, = Tws %q A= ﬁ Vua Vs (Vu — Ay ) (Vﬂ — A" )

¢ = (u,ds)"
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XPT L —T(UMUM‘FXJr) N
e | )
u#:z[u (8“—z(v+a)ﬂ)u—u(3“—z(’u—a)p,)u] M\
a, = GLE
_ S (2) F2
| SR (ﬁ)ﬁ = (N (wuyut —uluyu))
Z. sL?  F?
ARY = Sa = (X (uuy, T+uTuMu))
4y = GF V*Q\/ﬁF(M ) $:\/§
0 \/§ K | 2
Gr 2 2
Ay = Vi ZF (M2 — M
’ V2 T3 (M = Ay) J Al 63004
A2 pheno
I T T
Theory 3.54 2.50 rule
Al =1/2
Phenomenology 27.04 (1) 1.210 (2) [ / { problem]
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{ 3. CP Violation J




[ Kaon CP-violating observables : ¢, &’ ] CP|K") = +|KO°)

_—

_ 1 0 170
Ha) = E(|K>+IKO>) CP|Ky) = +|Ki) — 7r
1 o CP|Ky) = —|Ky) — mrm
K - — (|K") —| KO
1K) = (1K) -IKY)
Ks) L (1K) +EK)) —
— € TTT
’ T+l ’
1 .
| Kp) = EREE (| Ka) + €| K2)) — T
30.69(5 69.20(5 3.5(1.1) x 1077 < 1.2x 1077
K 7 8.64(6)><10—4 1.967(10)><10—3 12.54(5) % 19.52(12) %
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- Im AD - . . .
E™~E+ 1 = EWY Indirect CP violation
Re Ag
&~ L i (82—00) Red; (ImAd; ImAp Direct CP violation
\/§ Re A() Re AQ Re Ag

Indirect CP violation

Theory

= = f(Bre, Vornt, mes m, .. > [ |e = 1.90(26) x 10~ |

| [elexp = 2.228(11) x 10~ arg () oxp = 44(7)° |

P(KL — 7T_£+1/g) ‘|—F(KL — ’]T+£_vg) - 1+ |€|2

I'(Kp — 7 tu) —T (KL — 70 7,)  2Rec \/
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Direct CP violation

o i i(32—0) ReA; [ImA; ImA
\/_ ReAy |[Reds ReAg
Re (—) — 16.8(1.4) x 1074
7100 "/ e

/
Re (6—) ~ 19(11) x 10~*
€ / theo SM

—

Re(e/c) = 10™

40

35¢F
25
15F

-10t

NA31 28.0 = 4.1

P3 + 6.5

e

18573

E731
74+59

!
—e—

KTeV

} NA4a Fina

I 20728 yreVFinal L

19.2+21

| | | — | | l ] - | ] ] | | | | L1 |

91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11

Year

arg (¢')

X2 — Xo T
42.5(9)°
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[ 4. Rare decays: K — v J




K v 7 Ir

A(s — dvD) iy, g e MW/\ Aocp, v
S vy ) ~~ n VR 3 —
M2, 70T M2 me T MR, T @7 TadTas
“hard” GIM
~ 68% ~29% ~ 3% \ _|_3\rj_|_G/\u ==

LA5=1 = f’/g Vo Cus() 57 (1 = 7)) [Fya(l — 45)0]

NLO QCD effects (top)
Our knowledge on Two-loop electroweak corrections (top)
Chs (,u) NNLO QCD effects (charm)
NLO electroweak corrections (charm)

Our knowledge on { Matrix element can be related with #¢3 form factors
Q13(1) Long-distance corrections
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K = (2.231 4+ 0.013) x 1071%(1/0.225)° Hadronic matrix element K3

X =1.469 =0.017 Top-quark contribution
0 = V2le| [1 4 P./(A*X) — p| /0 KY — K~ contribution
P.=0.38 £0.04 Dimension-6 charm contribution

BR(K; — 7%vp)| =(244+04)x 10"

theo

BR(K — 7'vp) < 2.6 x 107°  (90% C.L.)
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BR (K+ — 7T+1/?) = K4 (1 +AEM) [(

ke = (5.173 £0.025) x 10711 (1/0.225)°  Hadronic matrix element /3

X =1.469 £0.017 Top-quark contribution

Agy = —0.003 EM correction ( ES™ < 20MeV )
P.=0.38 = 0.04 Dimension-6 charm contribution
5PC’u = 0.04 + 0.02 Long-distance + dimension-8 charm

BR(Kt — ntvp)| = (0.78 £0.08) x 107"

theo

BR(K"™ — 7T D)

= (1.73%132) x 1071

exp
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[ 4. Rare decays: K; — wfT¢~ ]




K — a0t ]

1. Direct CP-violating transition

L4 = = TEVaaVi, | Crv() 91— 95)d) 3 [,

l=e,u

+Cra(p) 377 (1 — 75)d] Z Lyu7ys)]

f=e,u

.. —0 ...
2. Indirect CP-violating transition due to K — K oscillation

AQ (KL — 7TO€+€_) — & X
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Im A Tm A\ 2]
0+, — — 10712 2 t t
BR (K — nlete )‘CPV—lo X[15-7a5 “—L6'2|a5|(10—4>+2'4<10_4>
Im A Tm A\ 2]
0,4, — — 1012 2 t :
BR (K — w'ptu )‘va—lo Xl3-7|“5| jEl'6|"’5|(10—4> +1'0(10—4)
Ksﬁﬂ'oﬁf_ — as ~ 1

3. CP-conserving contribution from K — 7%y — 7%¢t¢~

Ky

IFIC - Instituto de Fisica Corpuscular



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

- BR (K — m’eTe™) BR (K — nutp™)

CP-V (31£09) x 107"  (1.440.5) x 10~

CP-C ~ 0 (5.24+1.6) x 1012
KTeV poscLr) < 2.8 x 10710 < 3.8x10710
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[ Epilogue }




[ Present and Future Experiments ]

NA48 (CERN),KTeV (Fermilab) Kz, Ku, K — mr/mnm, K — 7y,
K—omity, ¢

NA62 (CERN) Kt —satvo, Kt = atyy
KOTO (J-PARC) K; — v

TREK (J-PARC) KT —auty,

KLOE-2 (KLOE) (DADNE) CP issues, radiative decays

KLOD (IHEP, Protvino) K; — nuvm

OKA (ISTRA+) (IHEP, Protvino) Kaon decays (BR ~ 103 —1038)

Project — X (Fermilab) K — mvr, K — AN
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aon decays provide an excellent framework to settle SM predictions
nd, consequently, might foresee hints of BSM effec
hort-distance dominated proce (namely with a “neutrino Dalit
pair”) are clean and can be predicted accurately.
They are/will be the go: resent/future flavour facilitie:
Most of long-distance dominated rare decays can also be predicted

within a 30 % in the branching ratios. This is not precision physics but
enough for the present and foreseen experimental status.

In general, it will be difficult to increase the accuracy in the theoretical
predictions of these processes.

Semileptonic (cha

—
-
-
St
e
(@]
wn
-5
Q
<
()
x
=
wn
Q)

eoretical analyses reach a few percent accuracy in most cases

on-leptonic ka ecays are still an open issue.
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