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Still kaons?

L Fhys Rev. D B, 010001 {3002 (LRL: http: //pdy.lbl.gov)
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The Quest for

Direct CP Violation
= w j _ Indirect CP violation in
Keomerr e KO e mixing: €
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KTEV 2=

Kaons at the Tevatron

E832 (KTeV) at FNAL

Double K, beams (<p>=70 GeV/<¢)

Regenerator for K
Pure CsI calorimeter

Tagging by event position
MC acceptance correction

Maximize statistics

Phoeton Veto Detectors
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NA48 at CERN

Simul‘raneous near/far targets
Converging beams (<p>=100 GeV/¢)
Liquid Kr calorimeter

Tagging by time-of-flight
Lifetime weighting to minimize
acceptance correction

7 AKS counter

e =
Muon sweeping
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Data Taking Periods

Total: 5.3M K —>nOrO 1996
NA48: (€’/e) 1997
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Events

Ways towards direct CPV

K—x'n (vertex selected)
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Re(e’/€) Results

Average: (16.7 £ 2.3) 16

=(5.04£0.82)x10°°

e o+ Final result (1997-2001)
{20?1921)10-4 Half statistics (1997)
e B Direct CP violation
o proved at >7c level...
(?.4@?&)10"‘ after 36 years!
R

0 —_— " - Wait for further results from
| | Re(e/e) KTeV and KLOE
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Re(g’/e) and the SM

SM theoretical predictions

)

e
L

bt

2 ;
- O Exp. value
B 1 | Lund

i i l { Ttieste

(¥,

sl o e

Despite huge efforts, ¢'/¢ not yet computed reliably
Measured value is roughly compatible with the SM
Expect improvements from lattice
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Other kaon Parameters
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Semileptonic Charge Asymmetry

Measure of indirect CP violation in the
mixing (¢) and limits on CPT and AS=AQ

NA48 preliminar 4

2 x 108 events in 2001 run
5,(e) = (3.317 £ 0.070 £ 0.072) x 107

20

.

Raw Asymmetry (107
Millions of Events/ 0.5 meter

=

5107
KTeV eSS % L S o
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0 L Xndf=090 (ndf=9) 1 |
5.(e)=(3.322+0.058 +0.047) x 103 . .~ . ..~ L.

Il ‘ I I
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P. (GeVic)
CPT test using nn data: Re(y+x /2+a)=(—5%31) x 10
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al KLOE at DAONE

T(KS > (y)/T(KS —>n0r0) = (2.236 + 0.003 + 0.015)
from which §,-5,= (48 +3)° (2000 data)

BR(K *— n*n’n) = (1.807 £ 0.008 + 0.018)%

Good prospects for rare K. decays, interferometry, new IR

|Peak luminosity fom—2 s—11|

Peak luminosi’ry: 8.0E+31 T o
8x10% cm2 $1in 2002 gom.on semsinc
Goal: 5x1032 cm=2 g1
500 pb! (1.5 x10° ¢)
collected so far

4.0E+31-

2.0E+31-

D.OE+0_| 1
12/03/02 Peakualue (7 74E 131 | 22/12/02
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' tk; KLOE results
Ef‘__ O

Using K, -crash tagging of Ks: Preliminary (2001 data)
Ou=(1.9 - F 0610 K< semileptonic charge asymmetry
Re(x,)=(3.3+£52%3.5)x 10° AS=AQ in CPT-conserving amplitudes
BR(Ks—mev) = (6.81 £0.12£0.10) x 10* " [ g~ go_ K, K,
::: 3 QM interference " 3 }E865 V
: : us
150 _ N }‘ IJ-[
: 021 |- o
l: }% KLOE T
50 — Lf‘-(()) :
5 3|||\\||\|At 0.205
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E799-11 (KTeV): Rare K; decays

Intense KL flux allows sensitive searches; checks of yPT
K.—~erey (1997, 93K events - norm. n99n%):

Preliminary BR(K, — e*ey) = (10.13 +0.04 £ 0.06 +0.29, ) x 10
K ,— e*e e*e (1997+1999, 1K events - norm n9nOyn0y):
Preliminary BR(K, —» e‘ee’e) =(4.07+0.12+0.11 £0.16_._) x 108

no CP violation found in decay plane asymmetry
K ,—erep+u- (1997+1999, 132 events - norm n*nndy):

BR(K; > efepn"pu)=(2.69+0.24 +£0.12) x 10”

New results expected soon with full 1997+1999 data sample:
K_.— e*e e'e- and K —e*ey form factors, K — n'n-e*e update
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+r—ata— e
Ky s = m'nee” : why?

For K,: interference gives
indirect CP-violating
asymmetry in the
orientation of n*n~ and
e*e~ decay planes

Easier access to
polarization asymmetry in
K — nmy

Large (~ 14%)
asymmetries predicted

-
CPV direct emission Charge radius
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NA48/1 — Rare KS decays

il 0(‘\__ ‘ data First measurement of Ko — nfy
XS ®k-ryme 3] events, 13.6 background

tof é\@ el BR(Kg— )05 = (4.9 £ 1.6+0.8) x 10
Q( Bl accidental bkg. 30°/o hlgher‘ Than XPT Pr'ediCTion

h

6
: Not yet sensitive to :
4 __ . L o ¥y candidates
i chiral structure of i M
i wf K =1y MG
2l weak vertex gt
8.13 0.132 0.134 0136 0.138 0.14 3 signal
mlz (GGV) 105_ region

q

BR(Kg—> 7y) = (2.78 £ 0.02 + 0.04) x 10 ﬁ/ |

For both: first contribution at O(p4) in yPT  Ellt i il s
Indications of large O(p®) terms s €7
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NA48/1 - Search for Ky — m%*e

Determines indirect
CP-violating contribution to
K; — nl*e decay

Signal region >

F
A

m_,fGeV
=
I
T

o017

b B TR T T
L - S v

016 <

Published limit from 1999 data:

015

014 |

e BR(K, — nle*e’) < 1.4x10°7
sabow ¥ (90% CL)

m_JGeV

2001 K run data analyzed - Result available very soon
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Search for K — 37!

- AKg — 3720) Expectation ~ ¢
000 AK, — 372_0) Im (nggo) Sensitive to direct CPV

CPLEAR (1999)
Re(nyg) = 0.18 £0.15
Im(ny,,) =0.15 £ 0.20

SND, Novosibirsk (1999)
BR(K(—37%) < 1.4x10°3

Tyt

_ 2
[ ,()xe rLt""’?ooo‘ e =+

ZD(p)[Re(UOOO) COS(Amt) — Im(UOOO) Sin(Amt)]e_(FS +17,)t/2

= =

Hadron machines: search for interference term
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NA48/1: K — 37

1.1

110 < E < 115 GeV
1.05

0.95

-
[ A |

0.9

=

‘Data from 2000 run

‘Use near-target data:
6.5M 370 events

‘Normalize to far-target data:
155M 310 events

-Correct residual acceptance
difference with MC

0.08

£ [ Re(ng) =(-2.6+ 1.0

04

[l

" g fIm(nOOO) =(-34+£1.0

0.02 |-

!

+0.5) x 102
+1.1) x 102

-0.02 |-
-0.04 |
006 |

-0.08 |-

|

Re 1,,, = Re €
+1.1) x 102

0.06

Re Tggo

“p1 D08 006 004 002/ 0 002 004

BR(K—3n?) < 1.4x10 (90% CL)
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CPT Test From K, — 31"

Bell-Steinberger relation (unitarity) connects
indirect CPT violation 8 to CP-violating decays

(1+itan gy, )[Re(e) —i Im(3)]= D a,
2Am !
r,-T,

=(1/Ts)AK, — f) A (Kg = )

tan @, =

Largest contribution to the error from 7= 3x°

After NA48/1: Tm(8) = (=1.2 + 3.0) x 10°3 ro*
N
Assuming no CPT violation in the decay: @

m(K?) — m(K°) = (=1.7 £ 4.2) x 10-1° GeV/c2 Q‘
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KEK E246: T-violation in K* — nutv

Search for P(u) orthogonal to (nu) decay plane
FSI in SM give P < 10-°: probe of New Physics

660 MeV/c kaons stopped in absorber
Combined result from 8.3M decays (1996-2000):

Pr(n)=(-112+217 +09) x 103

LOT to reach 10-* accuracy at J-PARC
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NA48/2 — K* decays

SIMULTANEOUS K" AND K BEAMS

TAX 17
K

TAX 18 FDFD Eiin al
Defining § [ Protecting collimator
i H collimator

Cleaning
collimator

KABES 3
-
-
' (1)
K I. KABES 2 60 GeV/c £ 5%
: 3 Beam
DFDF spectrometer

Quadrupole 2nd
FRONT-END ACHROMAT Quadruplet ACHROMAT

New simultaneous K+ and K- narrow band beam
Kaon momentum spectrometer
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NA48/2 — K+ physics

Search for direct CP violation in K* > m*n*n-and n*n%n°
Dalitz plot slope asymmeftries:
5(Ag/2g) ~ 2x104  (SM, SUSY: 10 to 10-%)
Exploit "double ratio” cancellations

Precise measurement of nr intferaction in K,, decays (>10°)
8(000) ~ OO].

Rare K* decays and CP violation
~10!! K* decays expected
Currently taking data
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OKA @ Protvino - K*

uuuuuuu

-
||||||||||||

New RF-separated beam at U-70 PS in construction

15 GeV/c kaons, alternating K+ or K-

Magnetic detector evolved from ISTRA+, GAMS

In preparation, expected 2004

Measurement of 3r Dalitz plot asymmetries @ 1 x10-4
T-odd correlations, search for New Physics in K, decays
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HyperCP: K* — ¥t~ f _

Main goal: CP violation in hyperon decays
Collected large samples of K* decays " |
K+ - TE"'H “—0 FCNC Torgo . | A i’i‘i,ft’fm  osm
GIM-suppressed loops . H\ H 1es =2 _\4 ,,,,,,, | on
Dominated by long- e e “seocfill | | ..
distance effects 'S 5s It ...
\'\((\.\“ox‘\' - 201
?V?’ D T T T PEE T e R T
From 1997 BR(K* - wfpufn)=(9.8 £ 1.0 £ 0.5) x 108
statistics (<1/3): ANKE - Tptus) = —0.02 + 0.1 + 0.04
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The golden modes: K > vy

FCNC, loop-induced,
GIM-suppressed in SM
Sensitive to New Physics

MOREOVER:

No long-range contributions 3= __

QCD corrections under control - S .
Single H, ¢ operator with P <
matrix element linked to K_; z ,

BUT:
BR ~ 101, unconstrained kinematics, huge backgrounds

Dedicated efforts required!
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Kaons and the unitarity triangle
4

3 . Comparison to B
constraints (10% on BR):

=

P

<+ cErrorsonp, Vg
=  betfter from B

‘Errors on n, sin2p:
1 similar to B-factories

*Error on A
0 always better from K
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The rare decays K; — mI*I-

Three contributions:

1) CP-conserving through K, — n0y*y*
estimate from K. — n%y (KTeV/NA48 disagreement?)

2) Indirect CP-violating through Kg — mOI*l-
Not suppressed, unlike the vV case:
measure from K¢ — n9l- (NA48 for e*e")

3) 'Direct” CP-violating, short-distance, reliably predicted and
interfering with (2): BR=4.3x10-12 (e*e), 0.9x10°12 (uw).

(3) is smaller by ~ 5 for the p*u- case
“Greenlee” background K, — yyI*l~: BR=6x107 (e*e’), 1 x107 (u*w’)
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K; = mle*e”

- 50
Exp. Limits from KTeV )

(90°/o CL) ‘é 40
X

BR(K; — n%¢’e) <2.8x101 &30

BR(K; — nufp) < 3.8x10°10 T20

Measurement requires % i
accurate background =

subtraction 0

4 6 8 10
BR(Direct CPV) x10-12

BR(K, — 7% ) py ~ 1072|1532 = 6.8a, Im(2,)x 10 +2.8Tm(4,)> x10™* |
A =VV, a,~1 expected
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BNL.E787: K+ — wivv.

Theoretical prediction in the SM:
BR(K* — nt*vv) =7.2 x10-!1
with small (= 7%) uncertainty

Stopped K, redundant measurements
Detection of T—>p—>€ chain

Momentum region between ntit and LV peaks
Final result: 2 events (0.15 bkg.)

BR(K* — V) = 1.56"175 o, x10-10

Improved successor BNL E949 ran in 2002
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c K
t M
d s b

In-flight measurement
RF-separated 22 GeV/c K+ *

beam o

Redundant measurements
to overconstrain kinematics

0.5

(spectrometers + RICHs) .|

Progress on RF-cavities,
photon vetos, straws in

vacuum -

Goal: 100 SM events in
2 years (S5/B = 10)
Data taking in 2007

-1.5

Kaon
B Entrance
Jis fAngle

L Tracker

Yacuum
Veto

Future: CKM at FNAL
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1 atm Neon

g e
C B gt
'l : I
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agnetic
Spéctrometer T
| meraction

| 50 MHz Veto Beam

| Separated Dump

| K+ Beam
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e Magnetic
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| - - |+ [ ok
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No CP-conserving term

o -1 E Ka K. sz
. . . 510 =
Indirect CP-violating term S w07 g
negllglble -$ w0 é
i w0 g
. . 4. . . \;E 0~ :
Theor'e'l'lcal pred|CT|0n Wlfhln 10 z_ Model independent bound
the SM: 0’ o /
BR(KL - nOVV) =2.7x10-11 :z” = Limit from K*-> x*vv (PRL 84, 3768 (2000y) / K&

£391a + New SHysics (2)

\ 5 M Predicrion

JHF  KOPIO(BNL)

With tiny (= 2%) uncertainty =

FLL

gz
Ia

d oK
I

| |'II‘ I |I‘ I II‘ : I‘ [T

-I4
ia

: S
S /,.V:\i“ d h t d
L . e W

W Current KTeV limit:

1 Z ' Z wi
/\ /\ [ 1 } BR(K; — n%V) < 5.9 x107 (90% CL)

Using n° — ye*e  decay
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KEK E391a: K; = n'vv

Pilot project at KEK-PS
2 6eV/c "pencil” beam: P+ cut against 9z
to reduce veto requirement to 10-*
Double decay chamber, 10% acceptance
"Engineering run” in fall 2002:
CsI calibration, K, —>n%r9, n0nOnr°
First data run in 2004 (4 months)
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K; = n'vv at J-PARC

J-PARC schedule: physics start in 2008
50 GeV (30-40 at start) 2x10'* p/3.42 s

2 beam lines foreseen in K-hall
2 GeV/c K (1.1x10°/pulse)

16% acceptance
Goal: 1000 SM events

June 5%, 2003 M. Sozzi - Kaon physics
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KOPIO at BNL : K; — mt'vv ™

)
EXITING
0 0 NEUTRAL BEAM PROFILE
IN-BEAM AEROGEL
CERENKOV GAMMA VETO

PRERADIATOR-CONVERTED \
PHOTON DIRECTION & ENERGY

HIGH RESOLUTION "SHASHLYK"
PHOTON CALORIMETER

- 800 MeV/c microbunched
I;II'NSTF{EAMVETO kaon beam

1M VACUUM TANK

Pb-scint. veto system (10-4)
HIGH EFFICIENCY ComplemenTed by:

BARREL PHOTON

" =S

OBUNC VETO KL f TO F

ciiert e N momentum trom
\ HIGH VACUUM VESSEL

T Y d Irection from pre-radiator
(wires+scint. layers)
"Pancake” beam

SWEEPING MAGNET
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Several feasibility results achieved:

Beam bunching performance proved
(280 ns, goal: 200 ns)

25 mrad resolution with preradiator
Veto efficiency performances

Construction from 2006

Expect 40 SM events (S/B ~ 2)
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How 1s kaon physics?

CERN: NA48 (K, ) NA48/1 (K.) analysis, NA48/2 (K%) running

FNAL: KTeV (K, ) and HyperCP (K*) analysis, CKM (K*) in
preparation

BNL: E949 (K*) analysis, KOPIO (K,) in preparation

KEK: E246 (K*) analysis, E391a (K, ) ready to run
Frascati: KLOE (K_ s, K*) running, upgrades?

Protvino: OKA (K*) in preparation

Novosibirsk: VEPP-2000 machine (K s, K*) in preparation
J-PARC: Neutral K beam line foreseen

Alive and kicking!
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Conclusions?

Once upon a time, kaons delivered many
surprises and precious insight...
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.. they are still doing so today,
and they will in the near future!
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Spare slides
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KTeV: €’/e improvements

x 102
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