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Outline

« What have we been learning from Kaons lately?
— The active experiments
— Direct CP violation (see B. Peyaud'’s talk)
- Rare decays (K, Kg, K*), LFV limits, T-violation
e Ongoing experiments
— A wide_spectrum of physics from kaons
e A unique window on flavour physics
- K® pll:why and how
e Future projects and goals
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“What have we been learning
from kaons lately ?”

The K meson system was central in the shaping of the
Standard Model: flavour, P violation, CP violation, charm,
lepton-flavour violation and CPT limits,...

It is a “simple” subtle system:
lifetimes, BR, beams, backgrounds,...

Can we still learn something from it?
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KTEV 3.

Kaons at the Tevatron

Main Injector (120 GeV) p

KTeV at Fermilab

Double K, beam (<p>=70 GeV/c)

Regenerated Kq
Pure Csl calorimeter

Data taking in 1997 and 1999
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NA48 at CERN

SPS (450 GeV) p

Kg and K, beams (<p>=100 GeV/c)
Liquid Krypton calorimeter
1997-2001: K, and K¢

2000, 2002: NA48/1, intense K¢
2003-2004: NA48/2, K¢
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KLOE at Frascati

.'.I '._- f ‘5'.-
Kiok

DAFNE f-factory ete-

Low luminosity at start, constantly improving
Peak luminosity: 8 103 cm= s in 2002

Goal: 5 102 cm=2 s*!

500 pb! (1.5 " 10° f) collected until 2002.

Currently running.

|Peak luminosity jcm-2 s—1]|

8.0E+31- KLOEIDQW
Good prospects for Kg, ;5,21 oearmge

iInterferometry

4 0E+31— 1

2.0E+31-

0.0E+0_| i
12/08/02 Peakvalue (7 74F 431 | 2211202
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K, decays

Semileptonic charge asymmetry (indirect CP violation):
2+3 108 events (KTeV, NA48):

It measures e (hard to compute,

d.(e) =(332+0.07) " 10° input for theory), systematics limited

Measurements of rare decays, tests of cPT (KTeV, NA48): such as
BR(K, ® e'eg) =(10.13+0.04+£0.06 +0.29,,,) ~ 10°
BR(K, ® e‘ee'e)=(407+012+0.11+0.16,,,)  10°
BR(K, ® efem'm)=(269+0.24+0.12) " 10°

More results expected from ongoing analysis.

Indirect CP violation in K, ® p*p e‘e (KTeV, NA48):
BR™ 3.5 10”7 Decay plane asymmetry = 14%
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K¢ decays: CPV
Search for K ® 3p°: interf. K -Kg at hadron machines, or F factories
BR(K® 3p?) <3107 (90% CL) (NA48/1 prel )
BR(K® 3p% <21 107 (90% CL)  (KLOE prel. 450 pb-1, 4 ev. 3.2 bkg.)

200 F

Not yet reached indirect CP violation: -+ Data
| —MC K¢ — 2a°
r —BR(Kg — ) = *0—5

SM expectation: 3" 10-°

Dominates indirect CPT violation limits:
M(K% - m(K% = (- 1.7+ 4.2) " 1019 GeV/c?

Semileptonic K4 decays (KLOE prel. 170 pb-1):

BR(K® pe?) = (7.09+ 0.07 £ 0.08) " 104
K charge asymmetry (KLOE prel.): 20 30 40
d.=(-2+9+6)" 1073 (® + 4203, still far from CPT test)
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Lepton-flavour violation

Very intense activity led to

stringent limits. Decay mode |BR limit (90% CL)

Further progress hindered by Kr® p'mie- [2.8° 10"

fluxes but also backgrounds.

Kr® p'me* |5.2° 101

No longer very competitive with

i system, no new experiments
planned.

Kr® pe‘et |64 1010

e K*® pminmt |3.0° 109

Kf® pme* |5.0° 1010

Byproducts: limits on direct decays to exotic
(s-)particles, Higgs.

Joint Likelihood

New results still expected from high-flux
experiments.
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T- violation: KEK E246

T-violation first measured by CPLEAR, compatible with indirect CP violation.

PT(m orthogonal to decay plane in 3-body decays (T-odd correlation).

Tiny FSI (EM) in SM: sensitive to New Physics

Stopped K experiments: systematics from detector mis-alignment, magnetic
fields asymmetries and (large) in-plane polarization.

KEK E246:

660 MeV/c K* stopped in
active fibre target.

Final result (8.3M p°ntn
decays, 1996-2000):

P.(M) = (-1.7 £2.3+11) 103
Imx=(-53+71+36) 103

Experiment concluded. Also 10° ntng decays (larger background,
different sensitivity to New Physics) in 1996-98.
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Ongoing experiments

The study of kaon decays reaches a very wide
and diverse range of physical issues
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K*decays: CP violation

Dalitz plot slope asymmetries in K*f ® 3p decays:
IM(u,v)|? ~ 1+ gu + f(u?,v?) u,v: Dalitz variables

ppp- (BR=5.6%): g~ -0.22
p*p°° (BR =1.7%): g~ +0.65

Ag=(9,-9)/(9.+9)?0
would indicate direct CP violation

Previous experiments’ precision: few 10-3

Protvino experiment: Ag(p*p°p® = (0.2 +1.8 + 0.5)-10-3
SM predictions < 5x10-

Possible enhancements in models beyond SM
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K*decays: NA48/2

SIMULTANEOUS Kt AND K BEAMS

Final

Protecting collimator R U n i n 2 O O 3

AX 1E FDFD
Defining H

collimators collimator

I Cleaning | and 2004
Kt 1 KABES 1 collimator %
\\ KAB/’ESS . - 1011 K+ decayS/year
g = >109 |<i ® pip+p—
I' KABES 2 % 60 GeV/ict5% >57207 Kf® pipopo

on tape in 2003

Beam
DFDF
Quadrupole 2nd $&tr ometer

FRONT-END ACHROMAT Quadruplet ACHROMAT

Goal: Ag in K*f ® 3p decays at O(10%)

First time simultaneous K* and K- narrow band beams, momentum

analyzed (107 p/s) with MICROMEGA chambers

Systematics cancellation with simultaneous beams and frequent reversal of
magnetic fields. Preliminary analysis: experiment is not systematics-limited.

Also: OKA experiment in preparation at Protvino: RF-separated 15 GeV/c
beam, K+ or K- (alternated). Similar program/reach, first physics run in 2005
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V . Cabibbo angle

|V,| = 0.2196 + 0.0023 (PDG2002)
1-S; |V,1%2 = 0.0032 + 0.0014 (violating unitarity at 2.2s)

Errors: 50% V4 (will reach 104 and 50% V,.® Measure V. to 1073

BR of semileptonic K decays is best handle on V :
it measures |V | T+(0): theory input required

BNL E865: low-intensity 1 week run, 70K K*e3 events,
partial p® reconstruction, radiative corr., 2.5% bkg.

KLOE preliminary (170 pb Kg, 78 pb*K|) K%3 BR measurements.
Statistical error ~1% (0.5% on V).

KTeV: K e3 BR measurement.
Several BR measured, several very inconsistent with PDG.

NA48 preliminary: K e3 BR measurement using BR(3p?) as input.
K*e3 measurement and other BRs in progress.
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V . Cabibbo angle

Unitarity
+ PDG —a— SLerseteter
K BNL (PRL 2003) S— w0 Avg. (K+hyp)
Avg. (K)
PDG = 0
0 KL33+U3 KTeV (hep-ex/0406001) —e— Using KTeV FF NA48 (K"e3
K / sing KTe ( )
KLes NA48 (prel.) L GRS /] Using KTeV BR(3n?) and F 0.:.0?53:0 KTeV (Koes)

RS

O (T-V, PV, )2 |
Leutwyler, Roos (ZPh1984)  yPT O(p¢) '+ @—+— | ehdng.

ettt et

KLOE (K%s3)

Becirevic et al. (hep-ph/0403217) lattice —t— et '
Cirigliano et al. (hep-ph/0401173) ¥ PT O(p*®) e *a3
Bijnens, Talavera (NPB2003) ] PT O(p°) — E865 (K™e3)
Jamin et al. (hep;phi0401080) X P |
| | | | | | | | | | | | H
0.19 0.2 0.21 0.22 0.23 Hyp. reanalysis

PDG2002 (hyp)
PDG2002 (K)
PDG2002 (K¥)

Lots of new input to clarify situation PDG2002 KT)

(KTeV, KLOE, NA48, theory)

0.21 0.22 0.23 0.24

vV

USl
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pp INnteractions and QCD

w ] T *Ke4 decays allow study of low-energy
T - : pp dynamics.

0.03 | sAsymmetry among di-pion and di-

lepton planes sensitive to strong phase
shifts.

-0.04 |
-

005

*QCD quantity predicted with best
precision (2-loop ChPT):
ag’ = 0.220 + 0.005

*BNL E865: 400K K*e4 events
ap’ = 0.216 + 0.013 + 0.003

PRy i ,,,,, | *NA48/2 goal: >IM events (K*e4 and
0.16 0.18 0.2 0.22 0.24 0.26 g K') 3p dlstortlons)

*DIRAC goal: |ag-a,| at 6% (not kaons)

-0.06 -
-0.07 -

-0.08

Theory precision still not reached!
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A unigue window
on flavour physics

CKM triangle constraints from charged currents (tree) or
? F=2 processes (mixing).
? F=1 physics has a different sensitivity to New Physics
and in some special cases no irreducible theoretical errors.

FCNC rare decays: ,® o, + (g, | *1-, 7?)
suppressed in SM (GIM, CKM): 2" order (loop)
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Main goal: K® pl |

- main problem of estimating matrix element
avoided (using known K,)

physics dominates in loop: perturbative, SM
under control at NLO, very sensitive to New Physics

(3) For | =7
contributions
from ?7?

(4) For K, (and | = ?):

CP-violating,
contributing (very

accurate prediction)

=
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Unitarity triangle from K

Lp.n)

K™ = nvp

Ky — 7ui
G
K — nlete { Ks = nlete B

Kr — 70y

e e

Required ancillary
measurements |

Kr — vy, KL - eTe y
K

L S eteeTe e e Wy

V¥ esVea? @ Wt %t ?=0 Height: Im(?y )

Ke3 K ® pnﬁ KL ® /ponﬁ

Kr —ete” {
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Comparing Kand B

Constraints from B and K physics
(10% BR measurements):

*Errors onr, V,: better from B

*Errors on h, sin2b: similar to B- factories

*Error on| : better from K
A. Buras, hep-ph/9905437

Re ) x 10°

Comparing V., from K* ® p*nn amd

? M(B)/ ? M(B)

n

A

B(K

i
T WV )

?75=1

[/

Comparing B from BR(KL ® p°nn)/

BR(K* ® p+nn) and A(B,® J/?7KO)
August 6", 2004
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[
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?B=2
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K® pll
Experimental problems:

BR » 101!, few (or no) kinematic constraints,
backgrounds with BR x 107

N iz | <2.8-10°10 CPC+CPV, ee?? bkg.
KL® pTete | 107 (CPVqir 3107%) 1 eNAL KTev) 3 ev. (2.05 bkg)

O, (+ r -11 ) . -12 < 38 10_10 CPC+CPV
KL® pRce | 1070 (CPVair 11075) | ENAL KTev) 2 ev. (0.87 bkg)

1.47130_J o - 10710 | Dedicated expt.

+ + - . -11 0
K*® p*nn | 7.2:10"" (at 7%) (BNL E787+E949) | 3 evt. (bkg. 0.45)

<5.9 107 (KTeV, CPV dir

On 10-11 0
KL® phn | 3107 (at 2%) Dalitz decay) “Nothing to nothing”

Dedicated experiments required
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K, ® p°l-+l-

BR(K, ® pYte) <2.8 1010

KTeV limits (90% CL): BR(K, ® portm) < 3.8 1010
. :

3 contributions to these decays:

e CP-allowed: not predicted,
derived from K, ® p°?? (NA48, KTeV)

« Indirect CP violation: not predicted,
measured by K ® p°l*1- (NA48/1)

e Direct CP violation: predicted in terms of
CKM phase

BR(K, ® p°e'e )gm »10 2[15.382- 6.8a5Im(l )" 10* +2.8Im( ,)>" 10°¢|
|, =VVy |as|»1, 15 measured by Kg (sign?)
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m, IGeV

0.55

0.5

0.45 |

0.4

0.35

First measurement: 7 events
Bkg. 0.15 *010 /  (KL® eegg and accid.)
BR =

August 6", 2004

NA48/1: K ® pOl *I

Opta- Oy1+11-
Ks ® pe’e Ks ® puru
M. 016 ®g®
= &5 N L 4 f‘
” -D.'I'MI L124 s ”]5 “ -
e
= 0.14 -
— B : %]
1% 0.13 5
0.12 | )
NA48/1 preliminary

0.11

0.52 054

(GeV)

'[J 44 0. 4{’: 0.45 0.5

NA48/1 prellmlnary

Blind analysis uum:

(}1 ﬂ11ﬂ12l]13014[]151]15l]1?

Background-free
m. 1GeV

First measurement: 6 events
Bkg. 0.22 *019 J , (accid.)

(5.8 *28_, . +0.8) x109 BR = (2.8 15_ , 40.2) x10°

Vth Rencontres du Viet-Nam
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K, ® p°l-+l-

K, measurements: CP-allowed
contribution is small.

*Kg measurements: indirect
CP-violating term dominates.

eSensitivity of BR to CKM
phase depends on the
(unmeasurable) relative sign of
the two CP-violating terms.
Theoretical predictions:
constructive interference.

B(Ki-m'pw) (x1077)

20—

18;
16:-
14-
12:

100 -1

Isidori et a. hep-ph/0404127

15 20 25 30 35 40 45 50
B(K—»mete) (x1077)

BR(K, ® pP*e’),, % 10127 17 (ind) + 9 (interf) + 4 (dir)
BR(K, ® poup)qpy X 10127 8 (ind) £ 3 (interf) + 2 (dir)
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K*® p*nn

BR(SM) ~ 10-10

Theoretical uncertainty ~ 5-7%

Background from K decays:
ut? (0.63), and p*p° (0.21), beam

scattering, charge-exchange + Kl 3

and pion nuclear interactions.
No kinematic constraints.
VETO Il

Background suppression 101
redundancy is a must.

Measured @ BNL (3 events).

August 6", 2004

K*'—n*vv Experimental Progress
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BNL E787-E949: K*® p*'nn

E787:1989-1998

K* 800 MeV/c DC-separated " e, B ]
(K/p ~ 3), 5705 K/10'2 p TN~ S
Kaon 1D: C, MWPC, dE/dx e S P |
Decay at rest, redundancy, p® n® e ';‘:':“mﬁ:h:: =t i fﬁ
decay chain. === ey — oo
Acceptance 0.2% .

Final result: 2 events (0.15 bkg) R
E949: upgrade (K/p ~ 4), vetos, beam e /& s S \fﬁ
counters, range stack, calorimeter, e f;,/, 7 gx 2
trigger, DAQ. Deys | -
Goal: 10 SM events in 60 weeks e A | e i
11 week run in 2002 (1/5): e —

sensitivity ~ E787.

1 event. New run?
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E7/87-E949: data

Region between two 2-body
peaks (“smaller” background):

— 42

§ [E787/E949
@ 40 - .
oh 5
: '
1]
X 3g -
36 ;
34 [
32 -
30
28 _- BR (‘1 47+1 30 ) f)_f|_0 10
90 1un 110 1zn 130 140 150
(P=0.001) Energy (MeV)
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Study of region below p*p° peak:
higher background (nuclear p int.):
S/B = 20 times worse

ary units

Arbitr

._25

(Me\//c)

E787: 1 event (1.22 fondo)
BR < 2.220-° (90% CL)

e IR B P =
Fa 10% 125 150

Momemtum

ep-ex/0403036
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ONA
K, ® p°nni
CP-violating
BR ~ 3201
Theoretical uncertainty ~ 1-2%

Ea Ka. sz

Neutral bkg from p°p° (BR 0.1%)
Missing p; cut, VETO!!!

KTeV limit: 107 (Dalitz decay of p°). .

BR(K; #m °vv)

Model independent bound

‘ III‘ III‘ ||IIIE T TTTTI T T T TT00 T T

, = Limit from K*-> x'vy (PRL 84, 3768 (2uun}}/ "

1/2-day run 1996 with gg (pencil 0 o

beam): 1 bkg. event. 0 & £3914 + oo Shiyoics (2)
KAMI at FNAL (KTeV follow-up) 2 \ o predeen
with K, 10 GeV/c, acc. 6%, SES o

JHF KOPIO(ENL)

| I II‘ [l |I1 I'II‘

2.320-3 in 3 years, 100 SM events: ..
not approved
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Future projects and goals

Main focus on the measurement
of ultra-rare decays: "

theoretically clean, highly M/ nd =2 0%

sensitive, complementary to B 1

s

T

B —> K®,
| - §sin(78)=+0.08 AN /AN,
AlSO' 05 - ! § IVl Nul=1 13%

K®— 5
dn/n=+10%

T-violation searches
CP asymmetries in charged K
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|k K*® p™nin
t M CKM a FNAL MI

d s
W
Pien RICH
1 atm Meon

New approach : decay in flight
K" RF-separated beam (K/p ~ 4)

Kaon Yacuum
22 GeV/c (50 MHz) ; e |

51012 ppp (15% of M), 3:107 K/spill

0.5

Redundancy (two RICH and two
spectrometers), Pb/Sci + Csl calo
(KTeV), ? vetos down to 10 MeV

'I 11 | I I

B gt 1l
"L

EM1 09
WMagnet

Hole
Veto

(ineff. 10-° +10°), acceptance 1.6% |
Upstream

R&D on (SC)RF cavities, photon Spicirometer il |

vetos, straws in vacuum ' Faome - e I Beam
e B e S

Goal: 100 SM events in ) i g™

2 years (S/B » 10) ST — b .

In 2003: not ratified because of Lgg s lengn Lo ply 84 Lod-olg pgl

high cost. Looking for cheaper ~20 0 20 40 50 50 100

solution (unseparated beam)
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Rare K decays at CERN?

Ongoing study for ultra-rare K decay program at CERN
Focus on K* ® p*nn (not limited by SPS protons)

In-flight decay at high energy (75 GeV): yield, resolutions,
“easier” vetoing

eUnseparated beam: tracking K in 1 GHz beam (!)
eDouble spectrometer, hermetic vetos

New experiment, using parts of NA48

*Goal: 50 events (S/B ~ 10) in 2 years (2008 ?)
*First tests in 2004.
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KEK E391a

Pilot project at KEK-PS (2202 ppp)

Collimated 2 GeV/c beam: K/p ~ 1/10

2.6710% dec./s, Pt cut to reject p°p° and reduce veto
needs to 104 inefficiency.

Double decay chamber, 10% acceptance, old Csl calo
and DAQ, new modular Pb/Sci vetos.

“Engineering run” in 2002

Data-taking in 2004: Goal SES 3.10-10

Im m 3n 4m 5m (13 n am n 10m
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J-PARC at Tokal

3 Gel Synchrotron(PS) 50 GeY Synchrotron(PS)
(~200m Cncumference) (~1300m Cricumfersnce ) Muclear & Particle
Physics Facility

50 GeV (30 GeV phase I) Accelerator-driven

Transmutation System

15 YA, 0.75 MW, 2" 10%* p/SpiII Experimental Facility
0.7s/3.42 s (DC 20% 1) \|;|

Phase I1: 4 MW Linac (~450m Length)

Materials & Life
Science Fadility

Start physics in 2008

Meutring To

Super-Kamicokande i S0 m
]

K physics program is central: 5 Lol
K. ® p°nn, K*® p*nn, T-violation, BR(K*), K,
2 kaon lines foreseen:
0.8 - 1.1 GeV K* and 2 GeV/c K, (?)
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K® pnnat J-PARC

K : follow-up of KEK-E391a

100 MHz pencil beam (accidentals, rate x500!), acceptance ~ 16%,
high energy (flux, resolution, acceptance, veto efficiency)

New calorimeters (CeF3 ?) and DAQ

Goal: >100 SM events (SES 3-10-14 max, limit) in 3 years (2-10%° K))

K*: BNL stopped-K technique

Low energy (600-800 MeV/c) DC-separated (K/p >3) beam
Decays at rest (>25% stop)

Incremental upgrade (x4) of detector, new spectrometer?
Goal: >50 SM events in 3 years (SES 2" 10-12: E949/5)
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K, ® p°nh: KOPIO at BNL

EXITING
NEUTRAL BEAM PROFILE

IN-BEAM AEROGEL
CERENKOV GAMMAVETO

PRERADIATOR-CONVERTED
PHOTON DIRECTION & ENERGY

HIGH RESOLUTION "SHASHLYK"
PHOTON CALORIMETER

800 MeV/c microbunched beam
200 ps/40 ns,
“Pancake” beam

DOWNSTREAM VETO
T IN VACUUM TANK

SYSERNG WAGTET Maximum information:
-~ Pb/Sci veto (10-4) complemented by:
"  GARRELPHOTON K, momentum from TOF, aerogel C on
mneraove "M B beam (insensitive to n, K°), gdirection
\ IN DECAY REGION from pre-radiator (2 X, Sci+MWPC),
VRGN e VETO Shashlyk calo. (18 X,).

Funded in 2004, data-taking 2010
Goal: 40 SM events (S/B » 2)
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K physics status

CERN: NA48 (K ) NA48/1 (Ky) analysis, NA48/2 (K*) run, future
program under discussion

FNAL: KTeV (K,) and HyperCP (K*) analysis, CKM (K*) study (?)
Frascati: KLOE (K_g, K*) run, upgrades ?

BNL: E949 (K*) analysis, data-taking(?), KOP10O (K,) funded
KEK: E246 (K*) analysis, E391a (K| ) run

Protvino: Analysis, OKA (K*) in preparation

J-PARC: 5 Lol on K physics

«Several workshops, topical K conference in 2005 \'\\|e\
eFuture program at CERN ? \(\ 6—
New high intensity proton drivers? “\\)G
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