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Introduction

e The SM with 3 families predicts weak interactions with an
unitary matrix V;;: 3 angles and 1 phase (CP violating)

Wolf%r\lstein
Vud, Vcba V;t(;
J
A, AXN2 AN (1 — p —in)

e FCNC only at 1-loop
e B-physics, V;;-unitarity test: possible but not easy

e The area of all possible CKM-unitarity triangles is an

invariant:
Wolfenstein

|JCP| ~ A2)\6?7

o As we shall see B(K; — 7%v7) will measure this area

o Already B(K+ — mTvD) tests B-physics (AMpg, 3)

see Isidori talk
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K — mvv

A(s = dvv) ~ Sy, dr, vrytvr X Z Vq*Squ mg
g=c,t

(AN (1 — p—in)m; + Am]]

e .
g
=S
2

SM: y — A KV — 4 Littenberg
i

CP violating
(K — 7'uvD) = J = A2)\%
Only top

o Kt:t>charm =2 K+ 0(%), K, 0(1%)

SU (2)isospin
—

® Klg <7T‘§’yud‘K> (S 1% I\/Iarciano—Parsa)
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o SM- BR(K — ’ﬂ'Vv) Buchalla-Buras
Kt (0.7124+021)-107*  K;:(28+1.0)-107

CKM 10% accuracy Kopio,KEK

e 2 K candidates for BNL-E787 EQ49 should improve

B(K*) = (1.571555)-1071°

e K; Model-independent bound, based on SU(2)
properties dim-6 operators for sdvv Grossman-Nir

B(Kp) <-ExB(K )<17x10"° at 90%C.L.
T+
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Impact of BNL-E787 in flavour physics

G.D. Isidori

-1 -08 -0.6 -04 -02
e two scenarios
. _. NP = _

— NP in sdvry = bsvv
— NP in B — B-mixing

Effective supersymmetry, 3 s-family lighter < 1 TeV,
why?
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Minimal Flavour violation

e naturalness ? From K — K-mixing = Ay p > 100 TeV,
stability of the Higgs potential = Ayp < 1TeV

e NP is not generic, but has a symmetry (MFV), which
generalizes the GIM mechanism. We want some global
symmetry (G ) allowing only th SM Yukawas

L=QrYpDrH + QrYyUrH. + L YgErH

Gr = U(3)°: 3 families of Q,U,D, L, Eg

Chivukula-Georgi

Anp > 100 TeV: All allowed

Anp < 100 TeV: NP dynamics preserves G

!
A <1 TeV: SM gauge group,Gr, Yu.p.L
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5
AF =2 Lyp @ Lyry =

C m?V, -
A2 [( - a) (dry"br)
MFV

2_|_( dmt‘/;S)

(dey*sL)’]

e Fixing C'~ 1 = bound on A%,

Buras et al., Nir et al., G.D.,Giudice,lsidori,Strumia

e We write the most general dim-6 £ (a la Fermi)
consistent con MFV and determine bounds/correlations
G.D.,Giudice, Isidori,Strumia

MFV main A [TeV]
dim-6 operator observables — -+
Op €K, Ade 6.4 5.0
Or B — Xgsvy 8.3 13.4
Oy B — (X)tl, K — mvo,(m)l 3.1 2.7
Oyo B — (X)), K — mvi, ()l 3.4 3.0
OH1 B — (X)), K — mwvi,(m)tL 1.6 1.6

Bounds on MFV operators
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Minimal Flavour violation and K — nwvv

e Future experiments, in particular K; — 7v& will probe
deeply MFV

10 1

Orel
N(TeV)

0.1 -

.01 A

10 1

Orel
NA(TeV)
4 6 8 10 12

0.1 1

0.01

e Up: 10% accuracy on the CKM , Down: 1%
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Kr(p) = 7 (ps)y(q1)v(q2)

e |Lorentz 4+ gauge invariance =

M ~

Ay, z) B(y, z)
Yy Yy
J =0 D — wave too

F*F,, FMFEN0,KLo "

_ p(qg1—q2)
y=—z
K 9

P (Q1+2q2)

ULY7

d°T 2 2 2 ((A+rs

—=) )) BP

e Different gauge structure = B#0 at z — 0 (collinear

photons).

Crucial role in K; — 7wV Te~

Morozumi et al, Flynn Randall

Sehgal Heiliger, Ecker et al., Donoghue et al.

B is not

Ki

\ A suppressed by m./mg
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0 Ecker, Pich, de Rafael
Ky — myy Cappiello, G.D

CT

only A-amplitude

Gg from K¢ — 27
But (K, — 7%yy)p, ~ 5= (KL — 7v9)exp

e O(p®) A, B amplitudes

from:
/ -
SQCT S 0 f Cappiello, G.D., Miragliulo
Fj,ul/Fv2 aozK'LaO T )f\/‘\/ Cohen, Ecker, Pich
F?m2 Kpn® I
" Full description of unitarity cut

AK = 3n)=a+bY +cY?+d X?

Act = a1(z — 7“7%) + g
Ber =0

VMD = ]. COUpIing CLV(N—O6 G.D., Portoles)
(Ecker, Pich, de Rafael)

(Sehgal et al.)

o1 = g = —% = —4G,V ~ 2 n.d.a.~0.2
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(GeV_l) O O O O O B O B O B O O G.D. Portoles

15

& 1 parameter fit:

g 10 ay

3 . —0.4 (NA48)
; —— —0.7 (KTeV)
g -

e NN NN N
0 .05 1 15 2 25 3 35 4
(GeV)

My

study of low m..-spectrum = B(Kp — m'eTe™)gisc ~

0.5-10712
§2]
T +-DATA
§ 300 - [ Background +
— Expectation
X2/n.d.f = 31.1,/30
200
100
o o= o] \ ;‘
0. 100. 200. 300. 400.
m,, [I\/IeV/CZ]
NA48, 02

ay = —0.46 £ 0.03 £ 0.04 Br =1.36 £0.03 £0.03
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Left-over questions

aq a2 B
e Gabbiani, Valencia 3 parameters fit 0 1.7 —5
(VMD —4ay  12ay —8ay)

Taking B from rate and spectrum fit

large B B(Kr — nleTe™)gise ~ 1.5 - 10712

B(Kr — m'eTe™)gise expt. question

Dispersive: vy off-shell?

Donoghue-Gabbiani: particular form factor, a factor 4~
b5 larger

Important to measure K, — 70yy*  (KTeV + NA48)
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Ks — vy

e No short distance contributions Gaillard-Lee

: No O(p?)
e Neutral particles (Kg) =

S

e Loop contribution finite

2
™, K /
Kg
(2.78 £0.072) - 107°

‘ (NA48 '02)

No O(p*) CT : F,, FM(A\eQUTQU)

BrXPT(KS — /77):2110_6

(G.D. and Espriu 86, Goity 87)

v

Gg from Kg — 7w

scale independent and unambigous yYPT prediction

6 A(6) N m%{ N
e O(p°)cr No VMD = AD ™ WnFL)? 0.2
FFYFL,(AQ*uMU™T) (Not 7:1—% ~ 0.4)

p
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K*(Kg) — nH(x0)te-

e short distance << long distance

u,c,t u,c,t v*

e 1"~" amplitude determined by form factor W

W' =Grm?3(a; + biz) + W' _(2) i=4,8
2
ai,bin(l), Z:q—2
mg

e Observables T'(K™ — nwtete™), I'(Kt — nun),
slopes

e a; O(p?) Ecker, Pich, de Rafael

o b, O(p° G.D., Ecker, Isidori, Portoles

® a,, by in general not related to ag, bg
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Expt. E865

a, = —0.586 £ 0.010 just linear slope

o K+ o mtetem: br=—0.635+0.044 (vzvm = 0)
x> 13.3 x> 229

Ndo f 18 Ndo f 18

o Kt — wtup:

Br = (9.2240.77) - 107® consistent with theory
not(5. & 1.) - 1078 (E787, '97)

Problems: % b; same phenomenological size
" p* p% different theoretical order

Probably explained by large VMD

Then we can just parameterize

Br(Ks — m’ete™) = 4.6 x 10" %a%

not predicted but dynamically interesting

HyperCP has confirmed E865 (02) regarding K+ —
7wt u and put a bound on the CP asymmetry (< 0.1)
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Ky — meTe™ : summary

Br(K; — mlete™) <5-10710

KTeV

o V-A® V-A = (nY%te™|(3d)y_a(ee)y_a|Ky) violates

CP

. \\ CP conserving
1)
/< Br(Kp — mlete™)~ 10712
K; 7

u,c,t

v, 2°

S —

— [m >‘t
A = ViV

€ e

7r0
N u,c,t
!
2) EX @, + 3
Kg

TB(KS — 7roe+e_) = 4.6a%’ x 1079

Possible large interference: as< —0.5 or ag> 1

ImAy

0+ — _ 2
Br(Ky — m'e"e )cpy = [15.3a% 6.810_4

short distance probe even for ag large

ag + 2.8(

Im)‘t
10—4

)2] 1012
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\ <<

Br(K; — ui) = |ReA|]? + |[ImA|?> = (7.18 £0.17) - 10~
/ KL_VYV\L AGS 871
Re(Asp + Arp) [ ImA|*=(7.1+£0.2)107°

Good determination of A;p = Agp= SM test

Large NC+U(3)L®U(3)R Gomez Dumm-Pich

K Local+non-local contribution

|Agp|? < 2.9-107Y
SM (0.9 +0.4) - 10~?  Buchalla-Buras
Ky mnf

B(K — e&) = (790i04) 10~ 12
BNL87L (8.7127). 10712

I3

1/N corrections & symmetry breaking? Large in K —
Y
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Low energy form factor + matching with VMD to QCD
(G.D, Isidori, Portoles)

a fixed from K; — yv*
B from K; — eTe pp (KTeV, NA48, not yet)

Matching with QCD ¢?, g3 — oo imposes

" 11+ 2a+ B ~0.3

— ‘ASDP <2.8-107°
B(K; — ee) insensitive to o, (8

Valencia alternative picture
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From Littenberg hep-ex/0010048

Im A,
107°
CKI\iI fits
. Re A,
—107° 107
107
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Conclusions

o K; — wvi a measurement with 10% accuracy = would
push to 10 TeV the validity of SM

o K; — Ve if NA48 will tell us that Kg — 7'eé (as)
IS in an interesting interference range is worth pursuing
this channel

e NA48 and KLOE:
— Kg — e very interesting (as)
— CP violation in K™ — 31 /K™ — wtn%y challenge

- KT — ntyy/K*T — nt7%: chiral tests

e Ks — vy best chiral test, h.o. established: < 15%
amplitude

o K; — ppu: full form factor close to be measured
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