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» Introduction

Despite K mesons have been discovered more than 50 years ago, Kaon
physics is still a very active and interesting field (as demonstrated by the
interesting talks and lively discussion we recently had at Kaon 2007...)

For reasons of time, in this talk I will briefly overview status &
prospects only in two sectors of this interesting field:

s K3 & Kjp decays [V, lepton universality]
present & near future from the exp. point of view

esRare FCNC decays [NP searches via K—TvV]
the mid/long-term perspective
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Part 1

‘ Recent progress in Kj3 & Ky, decays ‘

N J
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e Motivation

What's behind precise measurements of K, & K,; decays?

%ff = Q?igauge(Ai’ %) T "?Higgs((l)i’ Ai’ W1)

:

<= @V2) Wyt 3 (Ve YH AL + hee.

C.C.

The universality of g & the unitarity of Vg holds also beyond
the SM if the gauge symmetry is respected [Appelquist-Carrazone]



G. Isidori — Kaon Physics UK Heavy Flavour forum 0/

e Motivation

What's behind precise measurements of K, & K,; decays?

C
%ff = "Zgauge(Ai’ %) + gHiggs(q)i’ Ai’ l|Il) + Z %4 O d ((l)ia Ai, W) ]
i d>5 A

<= @V2) Wyt 3 (Ve YH AL + hee.

The universality of g & the unitarity of Vg holds also beyond
the SM if the gauge symmetry is respected [Appelquist-Carrazone]

However, thanks to the s.s.b. of the SU(2)xU(1) group, what we measure at
low energy is not necessarily only the gauge coupling of the W boson:

. o l
Z.C.—eff. — Geff (l/ll FA d]) (l FB V) + h.c.
2V/.. okl
eff. dimensional coupling g°Vij 0 “n
eff ~ + -

potentially sensitive to NP
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The comparison of different effective Fermi couplings (G.¢) 1S a way to
probe/constrain NP effects:

L—=e G = 1.166371(6)x10-5 GeV-2

g G, = 1.1678(26)x10-5 Ge V-2

[e.vovc. ;reltz/{:ivo_rll_ tse\évts] Gew = 1.1655(12)x105 GeV-2
[Cllil\znclli,tzﬁy] Gcegwm = 1.1658(04)x10-> GeV-2

f * \

R error assuming
N > ’) - [2)12
Gu ( | vud| + | VUS' _|:|/V1ﬂl| R ) c(Vus)=0.5%

Vus @ below 1% compettive with e.w. precision tests !

Marciano @ Kaon '07
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The most popular/exciting NP scenario which could affect c.c. semileptonic
decays 1s the possibility of LFV effects moditying the p/e ratio in K,,

rm >

v > / l=e u
T - M

////

| ~~ probe of the \
\s\sb sector of the Sl/\/I //
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The most popular/exciting NP scenario which could affect c.c. semileptonic
decays 1s the possibility of LFV effects moditying the p/e ratio in K,,

> K — Fsm(K — pvy) | o

6R,HR E"H:I:."”r : g2 My &31 ta|'12-f

= R
SR H+ V2 My
- = m &2 <3
A%)l e E '!'!}EJ']FJ'
UL V1 AR ~510"* t3=40 My+ =500GeV

m* m? I
e— [t ~ K T 3112 4. .02 —2
MY, . ms

Masiero Paradisi Petronzio '06

key ingredeints
for visible effects
i SUSY:

o Large tand, My < 1TeV
o Large LFV slepton minxings, d3; ~ O(1), ( msysy=1TeV)
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o The determination of Vus

K i :
I(Kj3) = Sﬁu' VP 1. R I (A) (1428,50@ 424, )

192m%°

with K=K*, K% [=¢, u and C,2=1/2for K*, 1 for K°

Inputs from theory:

Sew Universal short distance 5 Su@)xu() Marciano & Sirlin
' EW correction (1.0232) pert. theory

Most delicate
point !

,fﬁ'ﬂ“m} Hadronic matrix element

at zero momentum transfer (=0) > Lattice (+CHPT)

A SUE2Y Form factor correction for strong

SU(2) breaking Knecht et al. '00
—» CHPT Cirigliano et al. '02-'04
A kv Long distance EM effects Andre '04; Gatti '05
ki .
Moussalam et al. '06

Neufeld prelim. '07
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o The determination of Vus

C2GM, K o __
F(KH{T}} — Kw;mg - Sew ‘Vug‘z |.f+ ({])l' Im(h) (14+2A,5V2) 1A FM )

with K=K*, K% [=¢, u and C,2=1/2for K*, 1 for K°

Inputs from theory: ﬂnputs from experiment:\
s . Lniversal short distance Branchina ratios with
B FW correction (1.0232) T(Kp5) g

well determined

- K°nq () _ _ treatment of radiative
S ™0) Hadronic matrix element decays: lifetimes
at zero momentum transfer (=0)

i f{l) Phase space integral: +.5
A h-‘“-"l' Form factor correction for strong . parameterize form factor
SU(Z2) breaking dependence on t:

K:onlyA, (or A, 1.”)
A M Long distance EM effects \\ K, :need A, and A, /
Several new results in the last 2 years

KTeV KLOE NAA48 ISTRA+ E8635
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Several experimental inputs contribute to the determination of V  f. (0)

| semileptonic BR's + lifetime's + all leading BR's to check BR's unitarity
+ various sets of slopes |

These measurements have non-trivial correlation which 1s crucial to take
into account = Flavianet Kaon WG [analog of HFAG for B physics |

e.g.. Evolution of K* BRS

UK Heavy Flavour forum 0/

BR(K* -> n'e~v) BR(E* - nu=v) BR(K* - p=v)
PDG '04 —e— PDG '04 —»— PDG '04 —e—
PDG '06 —e— PDG'06 —e— PDG '06 —

I-_IaﬂA Kaon(07 = WV_IA KaonQ7 -= ﬁﬂA Kaon07 —=—
1 1 1 | 1 1 1 1 l 1 I 1 1

0.045 0.05 0.03 0.035 0.62 0.63

0.64
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Fri

' Kaon WG

0.214 0.216 0.218

|V

us

0.22

I LI T T I T T I T

——

I ' 'l 1 1 1 L J. AL

K, e3

0.214 0.216 0.218

Average: |V, | £.(0) = 0.21668(45)
AP o = 2.86(38)%

0.22

UK Heavy Flavour forum 0/

/.(0) from K, data

0.21638(55)

0.21678(67)

0.21554(142)

0.21746(85)

0.21810(114)

% err

0.25

0.31

0.66

0.39

0.52

Approx. contrib. to % err from:

BR T A Int

0.09 0.19 0.10 0.10

0.10 0.18 0.15 0.15

0.65 003 0.10 0.10

0.29 0.09 0.24 0.09

042 009 0.26 O0.15

x*ndf = 2.74/4 (60%)

. success of CHPT [ASTQ), = 2.31(22)%]

calculations
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What do we know about [ f,.(0) -1] ?

® no linear corrections in (mg—m,, ) [Ademollo-Gatto, '64]

s Within CHPT:  £.(0)=1+ fi+ fi+...

O(p*): finite non-polynomial term induced by meson loops
[ ~mplog mp = ~ (me—m, )?/my ]

small compared to naive expectations: f; =—2.3 % Leutwyler & Roos "84

O(p®): appearance of (mg—m,, )? / A4X (unknown) local terms — irreducible error

for analytic approaches |[Bijnens Talavera '03, Cirigliano et al. '05]

v

Possible to reach errors < 1% with Lattice QCD
measuring directly [ /. (0) -1] or [ £, (0) -1-f4]

Becirevic et al. '05
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LR 84 quark model

BT 03
Cir 05

JOP 04 ChPT + disp
C* 05 ChPT + /N,

] chPT + LR 84

SPQcdR 05 N, =0
FNAL/MILC/HPQCD 04 N, = 2, +1
JLQCD 05 N, =2

RBC 06 N,= 2y,

UKQCDIRBC 06 (revised) N, = (2+1)y,,

Kaneko, Juttner

unquenched calculations: @ Kaon '07
follow strategy proposed in the quenched calculation
Ny action alfm]  L[fm] Mps[MeV]
JLQCD (2005) 2 clover 009 1.8 = 550
RBC (2006) 2 domain-wall 0.12 1.9 = 490
MILC (2005) 3 KS (d=clover) 0.12 2.5 = 500
RBC+UKQCD (2007) 3 domain-wall 012 1.9, 29 = 300
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Lattice inputs play an even more important role
in the extraction of V ¢ from K, :

[Kpw) _ Voo fe M (-m2Mg?)

= U Xx[1+0, ]
F(Tcu2+ny) Vv, 2 £ 2 an (l_mHZ/an) e.m.
@ Non-trivial to reach 1% accuracy o[SU(3)-brk]
[no Ademollo-Gatto protection] > [SU(3)-brk] -

@ No competition from non-Lattice approaches

Sif=1.208(2)(*"_14)
MILC '05 \

N /

/

4"1"}= (2+1 )stag [ MILC ]

Sl = 1.189(7)

UKQCD+HPQCD '07
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£.(0) from UKQCD/RBC ’06
V., | = 0.2254(13) from Ki3

Tis

A

-+ |7
0.23 | ud

Vuh'[ Vm!

<+ fit with
fit » unitarity

0.225 -

 FvA

Kaon WG
: : ! |

0.97

This 1s a highly non-trivial
constraint for NP models...

UK Heavy Flavour forum 0/

Fit results, no constraint:

V., =0.97372(26)
v, = 0.2258(10)
72ndf = 0.142/1 (70%)

Fit results, unitarity constraint:

v, =0.97398(17)
v, =0.2266(7)
x2Indf = 1.92/2 (38%)

Agreement with unitarity 0.9¢

SO(10) Z

\W%
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o The lepton-universality tests in K

Two new preliminary results on the rare K.» mode:

¥ NA48/2 (2004 data), presented at KAONO7:
B About 4000 signal events from special minimum bias trigger.

B Small systematics, except background.
(measured from data — large statistical uncertainty in syst. error.)

B Completely uncorrelated with 2003 measurement.

I'(Kez2)/T'(K,2) = (2.455 £ 0.045 £ 0.041) x 10-5

W KLOE, presented at KAONO7:
B About 8000 signal events from 1.7 fb—1,

B Statistics dominated by MC, conservative systematics
estimation.

[NKez2)/T(K,2) =(2.55+0.05+0.05) x 105
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It is a difficult measurement (dangerous backgrounds from Ky» & Keoy )
which already provides interesting constraints on (realistic) NP models:

PDG 2006

Clark, 1972
Heard, 1975
Heintze, 1976

NA48/2 (2003), prel.

w

NA48/2 (2004), prel. KAONO7

4

FlaviA

+ 'l Kaon WG
IIIIIIIII

11 { I | I L1 [ ] I 1 1 0 1 | I
21 22 23 24 25 26 27 28 29
MK, ITK ) [107]

KLOE, prelim.
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It is a difficult measurement (dangerous backgrounds from Ky» & Keoy )
which already provides interesting constraints on (realistic) NP models:

Limit on LFV in H7 coupling:
(Masiero, Paradisi, Petronzio, PRD 74, 2006)
LFV Yukawa coupling:

=

2]
IT1 = 90

HEy, - 227 Ay tan?j
v 2 My 80
70
CEE 60
&3}' ™ g ﬂ'gj
A slepton 30
flavour-mixing 40
angle 30
, 20 95% CL limits

More stringent than present 10

] ] 100 200 300 400 500 600 700 800 900 1000
constraints fI‘OIIl B%TV lf |83_]| > 01 charged h|955 mass {l_'z;e'\ﬂc‘t]
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The near-future prospects are very promising:

KLOE
W Has ~ 20% more data on tape.

W Another ~ 3000 events with other reconstruction method.
W Improve MC statistics & systematics

— Should arrive at o,o(Rgk) ~ £1%.

P-326: (also known as NA48/3)

W Similar setup as for NA48/2 (2004) prel. measurement,
use of most parts of existing NA48 apparatus.

W Plan: 4 months (June-October 2007) run period
— Caoallect ~ 150 000 K .o decays.

—— Goal toreach o (Rk) ~ +0.3%.
Wanke @ Kaon '07
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Part 11

Rare FCNC decays




G. Isidori — Kaon Physics UK Heavy Flavour forum 0/

* Motivation

Why are we (still) interested in rare K decays?

= Neither to measure again CKM matrix . %
: /
elements [already well determined from i ) o
other processes] %
0: \\K\
; - ]
= Nor to find direct evidences of new particles -osf- /i \\\ ;
| very likely that there are new particles in / \
additions to the SM ones, but they are naturally “F [ \ /
around or a above the TeV scale] k e 0 e 1 D
a N

The information coming form rare K decays 1s a key element

to understand the flavour structure of physics beyond the SM
- /
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“n d
c'?i:ff %auge(Ai’ llf1) + 1ggs((l)1’ i’ “"’ ) + Z Ad 40 ((l)1’ i’ llj)

While we know quite well the flavour strucutre of the SM (or the low-energy limit
of the theory), we have only started to investigate the flavour structure of the new
degrees of freedom (which realistically will show up around the TeV scale).

This strucutre 1s highly non generic (otherwise we would have already
seen NP effects), but the mechanism which protect flavour symmetry
breaking beyond the SM 1is still unknown

/ \ effective heavy A
for flavour physics
le.g. split SUSY]

approx1mate
non-MFV non-MFV
only in specific only 1n specific
flavour structures e.W. structures

le.g. large b—s coupl. ] |e.g. large scalar currents]
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“n d
c'?ieff "Zgauge( 1’ ) + nggs((l)l’ 1""]) + Z Ad 40 ((l)1’ 1’“’) }7

» Rare FCNC decays [¢; — q; + 7, 7", vv] are ideal probes of possible new terms:

g = d @ No SM tree-level contribution
. SM +new\l' @ Strong suppression within the SM
iy 0.0,/ because of CKM hierarchy
@ Predicted with high precision within
7 the SM at the short-distance level

Y t2 Vts*vtd +c Agq
new
16 1 M, > A’

-«

A( —d )short Csm

Enhanced sensitivity to the flavour structure of physics beyond the SM
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n ;
c'?ieff "Zgauge(Ai’ \lj1) T nggs(q)l’ i’ \lj) + Z Ad 40 ((l)1’ i’ \lj)

» Rare FCNC decays [¢; — q; + 7, 7", vv] are ideal probes of possible new terms:
K //ﬁ/ % /é/ / T @ No SM tree-level contribution

@ Strong suppression within the SM
/ \ because of CKM hierarchy
@ Predicted with high precision within

the SM at the short-distance level

2V.*V A
A(K — mvv) = f <CSM Y Vts Vid +C . sd 51ong >
16 T° My, A’

Sensitivity to new-physics @ How precisely we can compute the hadronic amplitude
controlled by: » How much the amplitude i1s determined by dynamics
around the electroweak scale (short distances)
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The two K— vV modes represent a unique opportunity which has almost no
analog in B physics:

short-distance (e.w.) Anatomy of the present SM error:

contrib. to the total rate Haisch @ Kaon'07
(C—Tposa)/T

no S.

4%

K;—»7m0vw | >99% BRgy=(2.5440.351011 ——

K*— wvv 88% BRgy = (7.90+0.67)10-11

Ky — 10 ete 38%

3%

K; — 70 uru- 28%

Buras et al. '05 [NNLL dim.6]
G.1., Mescia, Smith '05 [dim.8]
Mescia, Smith, '07 [1sospin]

Intense recent
th. activity:
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°»Rare K decays beyond SM

Two basic scenarios:

Minimal Flavour Violation New sources of Flavour Symmetry

flavour symmetry broken only by breaking around the TeV scale
the (SM) Yukawa couplings
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°»Rare K decays beyond SM

Two basic scenarios:

Minimal Flavour Violation

flavour symmetry broken only by
the (SM) Yukawa couplings

\

» Small deviations (10-20%) from the SM

» Stringent correlations among the two K — ©Tvv modes

and a few rare B decays [B— Kvv, By 4— "l ]

(K= 1" w) = | (g, +c IVi"Vig+8,_ I’

[(K,— 0 vw) =Im[(c, +c IV Vgt 1°= (c

g

UK Heavy Flavour forum 0/

+CNP)2 Im[ VtS *th] 2
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°»Rare K decays beyond SM

Two basic scenarios:

New sources of Flavour Symmetry

breaking around the TeV scale

B(K; — mVvv)

5.10 710 i & . ‘

| - ' - aPotentially large effects, especially
107 =g ) in the three CPV K; decays (no A°
o i | suppression)

s Correlations with observables in B
0 physics not obvious
RIS E.g.: Little Higgs with T parity

: & r- L TR

el L Buras et al. '06

1:10° 210 3.10 10 4-107° 5.10 17

B(K"— " vv)
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°»Rare K decays beyond SM

Two basic scenarios:

Minimal Flavour Violation New sources of Flavour Symmetry

flavour symmetry broken only by breaking around the TeV scale
the (SM) Yukawa couplings

\ \

» Small deviations (10-20%) from SM » Potentially large effects, especially
in the three CPV K; decays (no A°
suppression)

@ Stringent correlations among the two
K — mvv modes and a few rare
B decays [B— KVv, By 4— I ] 2 Correlations with observables in B
physics not obvious
. A precise exp. info on one of | 4 ™

the two K— T VvV modes is a key In pre.sence of sizable non-MFV
couplings mandatory to explore

ingredient to verify or disproof

' also the K, — 7 [/ modes
the MFV hypothesis b g L b
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°»Rare K decays beyond SM

A specific (popular) example: K — ©vv in the MSSM.
Main features:

® Gluino-type amplitudes essentially negligible = reduced sensitivity to LL,
RR and LR-down type mixings [contrary to &, B — XY, AMpy |

@ Appreciable deviations from SM induced only by chargino -- up-squark

diagrams
* W
K — mvv decays are the best probe of the AY,, (. y X (AY)"
flavour structure of the up-type trilinear terms IR O . . .
which are still largely unknown. (o) % \ (h)
y4
< © (AY YU)ij Q' Uyl 0 + box
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# Non-standard effects induced by chargino-squarks amplitudes largely dominant

in K— mvv with respect to similar effects in B physics

#The A terms are still largely unconstrained

1.3 I | I
B(KT— mwvv)
B(By — up)
]B(BdH XS l+l_)

-2

ALY S A A
Ear A s
.}y‘
Cat Al
ﬂ"ﬁ:ﬁfg?

.‘f - HY 1‘: -
“J“fqﬁ.#‘#{n‘{

2

&‘ﬁ;‘.‘
=

1.1
=
(]
h o
= 18
%3
=
- L ~
ol (fi)min = 25010 GeV
| £1% Tk AR AT R % (Mi)min = 500210 GeV
i A C RUESIPE S0 ez“ ““-,'?f;-; (Mg)heavy = 1000 GeV
’ o - !'.u‘: u *: I’ “'11“1 :“;' :l..:.‘t -:' e : &
0.8 — T W ROt tan(B) =2
| G.I, Mescia, Paradisi, PR Tak
Smith, S.Trine, '06 - Ag=1TeV
| | | |
074 100 200 I A13 I <AAp
A <AA
Al or Ayl (Gev) 23 0
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# At fixed magnitude of the A terms, there is a larger room for deviations from the SM in the
CPV observables = great interest of K; — mvv

% Slower decoupling of penguins (K— ©vV) with respect to boxes (AF=2)

2

f—t
LA

I'susy/ I'sm

0. .
%00 400 600 800
(fhﬁhnhl (GeV)
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» Experimental prospects

Unfortunately the present experimental knowledge of these decay
modes 1s still very limited:

3 events
[BNL E787/E949]

+1.30

10
—0.89 )x10

BR(K™— " vW)®*P = (1.47

| =

It's shame for the flavour physics ,

community that essentially no
progress on this measurement has
occurred since 2002...

o
0
TT T T[T 1711

1°]
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Hopeftully, the situation should substantially improve with the CERN
proposal on K+ — vy ...

P326

CERN Accelerators
(not to scale)

@P-326 experiment: Measurement of the B(K*—mrvv)
with a ~10% accuracy (+ other physics opportunities)

@General design: Mostly defined. Overall simulation
and performances under review.

*R&D program: Well advanced: construction of
detector prototypes and test in progress (in some

cases completed). Important results by the end of
2007.

*We propose a new experiment able to reach a
~10"? sensitivity per event at an existing machine
and employing the infrastructures of an existing
eXp eriment. [CERN-SPSC-P-326, 11/ 06/ 2005]

Ruggiero, Ceccucci @ Kaon'07 =rus
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Hopetully, the situation should substantially improve with the CERN
proposal on K+ — mtvv ...and the JPARC proposal on K; — nt0vv

2 J-PARC E14 experiment aims at First Observation of KL — vy
(upgrade of KEK-E391a detector)

2E14 submitted a proposal to PAC (program advisory committee).

~]s-stage scientific approval.
+2nd stage process 1S 1n progress

Schedule

2007:
*Engineering design of beam-line completed.
=KTeV CsI’s will be started to move to J-PARC.
=Many R&D’s are in progress.

2008: beam-line construction will be scheduled.
=Dec, 2008: First commissioning of slow beam extract.
measuring the beam-line performances

2008-2009

=Assembling of Detector system.

2010: First Engineering Run or/and Physics Run.
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» Conclusions

I briefly illustrated some relevant aspects of kaon physics,

but the field 1s much more rich

[t phase shifts & QCD vacuum, search for T and/or CPT violations,
tests of Lattice & CHPT...]

v

4 N

future kaon programs centered on rare K decays
offers one of the
most interesting future perspective in flavour physics

. /




