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Wolfenstein 1964

— /
K°-K® Mixing is the only source of (/

Kobayashi—Maskawa 1973

Quark Mixing
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Earlier eStimateS: ’5; /gK ’ S 0002 Ellis-Gaillard-Nanopoulos '

First LO calculations: |/ /e, | ~ 0.01 Gilman-Wise '79, Guberina-Peccei
Electroweak penguins: Bijnens-Wise '84, Donoghue et al '86, Buras-Gerard ’
First estimates of isospin breaking: Drredie ot o 66, Bures Gemrd 97, Luslmel |
First matrix elements from 1/N¢: Buras-Bardeen-Gerard

Heavy tOp Mass: B|g Ca nce”ation Flynn-Randall '89, Buchalla-Buras-Harlander '
Paschos-Wu '91, Lusignoli et al ’

NLO short-distance calculation: Re(e! /e, ) ~7-10"*

Buras et al '93, Ciuchini et al ’

MOde”ing matrix e|ementS: Dortmund, Lund, Munchen, Roma, Trieste, ...
XPTFSI & 1/NC RG(@; /5K) ~ ].7 . 10_3 Pallante-Pich '00, Pallante-Pich-Scimemi '01
|SOSpin brea k|ng (mu — My, Oé) Ecker et al '00, Cirigliano et al '03

Matrix elements at NLO in 1/N¢:  Ongoing analytical / lattice effort

Ambherst, Barcelona, Caltech, CP-PACS, Granada, Lund, Marseille, Montpellier, RBC, Roma, . ..
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Oh = (§aUB)V_A (ﬂﬁd@)V_A Q2 = (gU)V—A (Ud)V—A
Q35 = (gd)V—A Zq (aq)V:FA W4 = (gadB)V_A Zq(ﬁﬁ%)\/—A

Q7,9 % (gd)v_A Zq €q (5q)ViA Q1o = % (gadﬁ)v_A Zq €q (agqa)V—A
Qs = —8 >, (5.9r) (GrdL) Qs = —12 >, eq (5Lqr) (GrL)

[t = IOg (M/m)] (Munich / Rome)

Physics does not depend on
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Im ( V:; th) (Buras et al)

F 3 i) (@b (1 - Que) = i) (i)

A 1
W= o (Ap) ot Re (Ap) = 3.37 x 1077 GeV

(1 — Q/B) — 0.4

110 MeV 132 {
ms(2 GeV)

ms  (quark condensate)
e Isospin Breaking  (m, # my, e.m. effects)

e Penguin Matrix Elements  (xPT corrections)
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Standard Model

V.8 WU, €,V
s.d,u

Yo M, €,V
T, K, 1
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K >
) T

A[K® — 7979] =0 Ao = V2 A;

No Al:% enhancement at leading order in 1/N¢

M
/VC Iog( MW) -

Short-distance logarithms must be summed

e tog () ~

Infrared logarithms must also be included [§; ~ O(1/N¢) ,
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Expansion in powers of p2//\§< :
Amplitude structure fixed by chiral symmetry

Short-distance dynamics encoded in low-energy couplings (LECs)

V2 F, ( +% )(Mﬁ—/\%)

1

e Loop corrections (yPT logarithms) unambiguously predicted

e | ECs can be determined at
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Q = diag (%

2
F* AL, L)+ Gor F (L/ﬂs% + 3 LuzlL’fs) +e’F°

3

£@ — (v/3/8) (my — my)/(ms — ) ~ 0.011 ; Zm M2y —M2)/(26*F2) ~ 0.8
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Equivalent to standard calculations of

dependence only captured for
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® O(p*) xPT Loops: Large correction NLO in 1/N¢

0.27 = 0.05 4 0.47/
1.02 £ 0.60 + 0471 ; = —0.04 £ 0.05 —0.21/

027 = 0.05+0.47; ; = —0.50 = 0.20 — 0.21/

Pallante-Pich-Scimemi

® All local O(p*) couplings fixed at

Small correction to O(p?) results

© Isospin Breaking: O [(m, — my) p®,e°p®| Sizeable corrections
Cirigliano-Ecker-Neufeld-Pich

(4] fitted to data

CP Violation in Kaon Decays




/ 105 MeV 1°
K 1 — Qo) — 0.4
€ [mS(Z GeV)] { ( )

Delicate Cancellation. Strong Sensitivity to:

e ms (quark condensate) ms(2 GeV) = 105 £ 20 MeV

e Isospin Breaking  (m, # my , ) Qg = 0.06 +0.08

Cirigliano-Ecker-Neufeld-Pich
e Penguin Matrix Elements

xPT Loops (FSI): x (1.35 £0.05) ; x (0.54 £+ 0.20)

Re (5’/5) — (]_9 + 2 +9 +6 ) > 10—4 Pallante-Pich-Scimemi '01

M—6m5 1/NC

Re(e'/e) = (16.5+£2.6) x 10~*

Challenge: Control of subleading 1/N¢ corrections to YPT couplings
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from original
calculations

Updated

15 20 25 30

10* Im (V2 V,,) x PB3/2)

ts YV td
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F° =6 C(u) — 12 Gg(p)

= (0|(sty*dL)(dryusr)I0) (0](sL5r)(drd1)[0)

(GeV?)
((27)1-2| Qo(10) K|
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= % (O2(p0))
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’T(Uav)\2O<1+gu+hu2+/<v2+...

u=(s3—s0)/ms ; v=(s1—%)/m i so=(s1+92+s)/3 i s =(pk—pr;)

[ (-15+21)-107*

(1.8 £1.9)-10~*

= (—0.244+0.12) - 10~* ; = (0.11£0.07) - 10~

(Gamiz-Prades-Scimemi)
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(ZLyuve) (m|siyPdLK)

(8.0+1.1)x 107 ~

(2.8 +£0.4) x 1071 ~

Long-distance contributions are negligible

/
A(KL — m%vi) #0 /

BNL-E787: few events! Br(Kt — ntuvi) = (1.47T539) x 10710

KEK-E391a: Br(K, — 7%%) < 2.1x 107
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Qualitative understanding of within the Standard Model
Quantitative prediction using the 1/N¢c expansion and YPT
Large chiral corrections generated by infrared logarithms
Detailed analysis of isospin breaking corrections

Good agreement with experiment (but large uncertainties)

Re (¢'/e) = (19i2 ™ +6 )><1O_4

Challenge: Control of subleading 1/N¢ corrections to xYPT couplings

On-going theoretical efforts using both analytical & lattice tools
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Cirigliano-Ecker-Neufeld-Pich

X

102 LO NLO Q.g = 0.06 £ 0.08
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(mg, p — 0)

c—oo 1
F° — 6 C7 (1) — 12 Cg(p) e 3 Ca(1t)

= (0|(s.y*dL)(dr7,.5%)|0) : = (0[(s.sr)(drdL)|0)

These D=6 vacuum condensates appear in the left-right correlator:

= 2i [ d*x e (0] T(L*(x), R*(0))|0) = (—g"*q* + q"q")

ALEPH

« T > VA FD) YV,
—— parton model/perturbative QCD

+++H’H+HH’

= 4o [4

-~ / dQ2 QD
0
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(mg — 0)
(Hambye-Peris-de Rafael 03)

Gq)\>  8ny

— 16l [ YL _
L\ ) T Ter2F

= / dQq d*x d*y d*z &P (T [(3.4r)(x) (GrdL)(0) (drVa ur)(Y) (TRY*SR)(2)]) oo

(very poor)

L F47TO£ q 2
Mo B im  @* Woerr(Q®) = —— = [1 — o ( <qq>) ]

Q2 — oo 6 F3

Q|2in—1>0 @ Wperr(Q?) = (i—?) 2 { B (LS - 2L3) }

(Bardeen et al, Bijnens-Prades)
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Cirigliano-Ecker-Neufeld-Pich

[M(Ks — 77 (v)/T(Ks — 7%79)]

5.09 £0.01

5.11 £0.01

3.67r £0.14

3.6b +0.14

0.294 + 0.001

0.270 = 0.001

0.297 = 0.014

0.303 = 0.014

(48.6 & 2.6)°

(48.5 £ 2.6)°

(48.6 & 2.6)°

(54.6 + 2.4)°

[m, — myg = a = 0]

o — 6 = (47.7 £1.5)°

[m, — mg #0, a # 0]
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AE hypernuclei.F
K Rare Decay

K dec
. interfer

A. Ceccucci

NA48/2 — 2 x10"" kaon decays
P-326 (NA48/3) — kaon decays

Flavour Physics A. Pich — Super B 2007



 J-PARC: Lol ; plans to use the BNL-E949 detector
« CERN: P-326 ; about 80 SM events in two years

« KEK: E391a ; data taking completed (three runs)
— Present limit (10% of Run-1 data)
— Aims to reach the Grossman-Nir bound (~107)
 J-PARC: proposal (>2010)
— Step |I: E391a detector at J-PARC ~ SM sensitivity
— Step II: New detector & dedicated beam-line ~ 100 SM events

« CERN: would need an upgraded proton complex

Flavour Physics A. Pich — Super B 2007
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