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Introduction

CP violation with Kaons

CP violation established in the K sector through,
- Charge asymmetry in semileptonic decays: A, , A
- K- n_, My
Pl KT i
- K —nnee: N

A ; .d): cosd - sing >0 -Ncos¢-sin¢<0
COS() * sIn

N cos¢ - sing >0 +N cosd - sing <0
CP violating processes are dominated by mass mixing, described by ¢,

Direct CP violation observed by the measurement of a tiny
difference betweenn, and n,

Described by the ¢ parameter

%ﬂl-: 0.9950 + 0.0008 = 1-3Re(e /e)
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Introduction

CP-violating observables

Tae [(Konev)-T(K>n"ev) = 2Re()
(K> e v)+T(K > n"ev)

A= F(EO o) 2> W e V) -T(K .00 > " e v) = 4 Re(e)
L(K® 4o0y = m" € v) + [(KO 1.0y > T €7 V)

AK 5m't) =~ e+ ¢ e A(K, »>n°10)
A(Ks >mtr) P! A(Ks ->n'n0)

112

e-2¢

=

Recent measurements include BR(K, — n*n-), Re(e’ /ey), Acosy - sing

The improvements on K, K< branching fractions, the first
measurement of Ag, the charge asymmetry in K semileptonic
decays, contributed to the knowledge of Re(gy) (and in testing CPT
symmetry) through the constraint imposed by unitarity (Bell-
Steinberg relation, BSR)
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Introduction

CP-violation: recent results

KL = AT PDG 02 _ PDG 02
KTEV "KTEV
- KLOE: PLB 638 (2006) 140 | - e
- NAA48: PLB 645 (2007) 26 o “B(K —smov) o TRk omy)
PDG 02 ‘ PDG 02
KTEV ) KTEV
0.19 Bo(& s 0.21 0.124 BK 9.1'_250) 0.12¢
! [ OT TR
Re(s'/¢) . L__ Li
- KTeV: Moriond Electroweak, ey T 0| [y o
La Thuile, March 08, L S :

09 E
1000 x B(Kl_—>1rgnsat°)

KTeV: PRD70 (2004) 092006

HQLO8, Melbourne, June

Re(e)
~ KLOE: JHEP 0612 (2006) 011

- PDG: PLB 667 (2008) 1 ["CPT invariance tests in Neutral Kaon Decay”]
- Flavianet: Capri Workshop, June 2008

CP-violating angular asymmetry A ., .qn, in KL — ee” n'n decays
- KTeV: PRL 96 (2006) 101801
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K —

KLOE: BR ( K, —»>n*n)

Measurement of the ratio

BR(K, —»m*n~)/BR(K, —>muv )

K, — ntn~ tagged by Ko — nrn-

Closest approach to the tagging direction
considered for neg/pos tracks separately

Radiative events (IB and DE contrib.)
included in the simulation

Efficiencies from MC distributions

MC distrib. corrected for data/MC
discrepancy as measured by control samples
of K, — n'n n° and K, — mev

Systematics from data/MC control

procedure include MC and control-sample
statistics

Events/(0.5 MeV)

Branching ratio inclusive of radiative decays (IB and DE)
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\/(Ezmiss +P2miss)

BR ( Kon'w (v) ) = (1.963 + 0.012,,,, + 0.017, . ) 10°3

fractional error: 1.1% = 0.6 % ® 0.9%

Amplitude ratio

| n..1 =(2.219 £ 0.013 ) 10-3
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K —nn

NA48 results on K, — n*r-

Measurement of the ratio
BR ( K,—>n*n~) / BR ( K —>mev) x10°

* Data sample for the S 500l | 1 o

measurement of BR(K,;) g ceetone o

- Two tracks of opposite —_ e iy

charge at small DoCA Ho0 =

- Background from K —mev and i pions S

K, —muv suppressed by p+ cut S0 / \ I

E/p cut (for ef), muon-counter o
response (for p) B 7 O

OO 0.2 0.4 0.6 0.8 1 1.2

Trigger efficiency from
downscaled samples

E/p: energy deposited in Lkr / track momentum

MC simulation of the relevant distributions for efficiency evaluation of the
analysis cuts corrected using control samples
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K —nn

NA48: BR ( K, —>n*n)

Background subtraction from sidebands
of the M__distribution (0.5% correction)

A final correction to the ratio of +0.04%
has been applied and the total systematic
error associated to the ratio is 0.33%

(K, »nn)

(K, —>nev)

.F
10?
F
10?
F
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Number of events / 0.004 GeV/c®

thal |
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Data, selected K2xn
K2r MC
Ku3 MC
Ke3 MC

9¢ (£002) &¥9 91d

= (4.835:0.022,,,, +0.016,,,) 103

Branching ratio inclusive of IB

0.4 0.42 0.44 0.46 048 05 0.52 0.54 0.56 0.58 0.6

invariant t*n” mass [GeV/cz]

BR (K —»n'n (y) )=(1.941 £ 0.019 ) 103

Amplitude ratio

| n. | =(2.223 £0.012) 103
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BR(K, — nrn(y))

PDG 04 = g 20.90£0.25
KTeV 04 - - 19.75+0.12
DE negligible
KLOE 06 — 19.63+0.21
DE included
1 NA48 07 il 19.69+0.19
DE included
I I I I(x10 ™)
19 20 21 22

- New data are consistent and confirms
the KTeV value, 6% lower than the
older measurements

In..|
PDG 04 — e . 22.88+0.14
KTeV 04 ¥ 22.28+0.10
KLOE 06 ———— 22.19£0.13
NA48 07 . 22.23+0.12
1 1 | (x107*)

22 225 23

KLOE, NA48: |n, | from BR( K —>n*m (y13)),
15(NA48), 7, (KLOE), BR(Ks—n*n")(KLOE)

KTeV: BR( K, —»>m*n (yg5)), BR( K —»n%r9),
Re(e'/¢e), BR( K —=lv) and CPT assumption
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Re (g'/¢)

KTeV final results on Re(s'/¢)

0 _ Trigger Muon |

© Drift Hodoscope Veto . New results include data from
N - Chambers . . CA :

S Regenerator won Tesl 1999 run, better data-taking

S | | = i B conditions and

%; — '- — Regenerator Beam | T

Y] B_} i —= Vacuum Beam i i I ]" * AhGIYSlS lmpr'ovemen'l's fr'om

§ — | | N 11 more detailed detector

+ B S | | EENEE anie simulation (both, charged

9 Mask Anti - g | oo particle, and shower simulation)
w . Photon ==

o 25cm] Photon Vetoes Analysis Vetoes -

< Magnet Steel i

2 St i S Total systematic error from 2.4
% Z = Distance from kaon production target (meters) 10-4 To 18 10_4 Thanks mGlnly To
= the better knowledge of cluster
* .

&, reconstruction and of the

= detector acceptance reducing
= data/MC corrections

O

o '

£ Re( £'/¢)

- Statistical error reduced from
Re( €'/¢)=(192+0.11+0.18) 103 1510410 1.1 104
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Re (g'/¢)

E731 93 ;

NA31 93

NA48 02 _,_.

KTeV 03 —_—
KTeV 07 —.—
New World Average _._

1 1 H 1 |
0 10 20 30
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7.415.9

253.0+£6.5

14.7+£2.2

20.71£2.8

19.212.1

16.8+1.4

(x10™)




Interference

KTeV results on phases, Am and t,
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+  With the interference in the
beam regenerator KTeV has also
measured the phases, Am and 1,

+ Data
— Prediction
— Prediction without interference

40 GeV <Py < 50 GeV

N(p,2) ~ |p|e st 4 [p[2e 7L

—I't

—
=
[
T

+|p||In|cos(Amt + ¢, — ¢y )e

10°}

80 YOJUDW ‘}D2MOU4I2|] puolJow

- Fit for Am, 1, ¢,, Re(¢'/¢), Im(¢'/c) 1| T
125 130 135 140 145 150 135
distance from target (m}

= 0.~ ¢, + Im(e'/e)
= Ogo~ ¢, - 2 Im(e'/e)
= Ad = dgp-9..~ - 3 Im(e/e)
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Interference

KTeV results on 1, ¢, and AM

o [ o 45 w 45

89.7F ' / |
R\ 441 ..“ 44+

89.6

89.91 431 43

5350 5200 5350 894 89.8
Am Am Te

5200

- Results CPT-constrained have:
-, = dgy = tanl( 2 AM/AT)

80 YoJDW ‘}D2Mou4d2|3 puolJow :sbuipaasouy
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Interference

Improvement on 1., AM

Am
SPEC 74 —e—— 5334+ 43
SPEC 74 —— L340+ 20
E731 03 —— L2577+ 53
E773as —_— 5207 + a4
CPLR 99 e et 240+ BS
c KTEV 0& o LeTo+ 12 >
5200 5300 B400  (10%As™)
M Wiorld Awa. HEH L2+ 9
PO 2006 =i Heo0+ 16
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E731 93 —t— 8929 + 016
E773 95 =0 8947 £ 07
NAZ1 a7 —t— 893.71 + 021
MA4E 02 e £9.60 + 0.07
< KTEY 0& HeH £9.62 + 0.05 >
a9 an |pEEC)
Mew World Ave. o= 8959 + 0.04
PDG 2006 HH 8953+ 0.05
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Interference

Improvement on ¢,

SPEC 74 —_— 433+ 1.1 A

MNAZT 90 —_— 444+ 17

Ev31, EVY3 95 B -0.30+ 0.88
E7F31 93—o— 44+ 1.0
030+ 0.35
Erraos —— 430+ DB
4 -3 -2 -1 0 1 2 3 4 (degrees)
CPLR 99 —r— 429+ D6

Mew Warld Ave. D22+ 033

[S=2]
C ) PDG 2006 o 0.20 + 0.40
KTEY 08 —— 438+ 0.6

41 42 43 44 45 46 47 [degrees)
PG 2006 e 434+ 07

80 2unf ‘auJnogjaw ‘801OH
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BSR

Re(e) from Bell-Steinberger

Cs+Tr .. Re(e)
(ﬁ +-gtﬂllwgw) (TME — .i'IlIllu:’:']) rH — rL ZALl_f]A-'lf]

» Unitarity allows to express the CP-violating parameter Re(¢), and
Im(3) in terms of combination of decay amplitudes

- 2xn, 3n and semileptonic modes contribute to the sum
+ Contribution from = channel:

Effect of using new preliminary KTeV results on ¢__
PDG fit $,_=(43.4£0.7)° o= (43.70.8)°

Present analysis: ¢, =(43.6 £0.5)° ¢g=(43.7 £0.6)°
PDG fit + KTeV08 preliminary

0.55

%1072

lm(ﬂcxﬂ_) 95% CL x10°3 Im(o, o) 95% L
0.1l
'Qlé
0.5
0.105 x
/ 045 |
Res
01 R
E{u‘mn—) Re(a )
0.105 o1 0.115 10 0.4 0 03 = 05
wx10—= . I 35
%10~

M. Palutan - Flavianet, Capri Workshop, JuneO8
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BSR

Results from BSR

JHEP 0612 (2006) 011 PLB 667 (2008) 1 Workshop, June08
[ Tmd (10 _4} 95% CL T M 95% CL Im(d) (10 W 95% CL
ﬂﬁ_— W 58% CL é 0.5 M 68% CL 0.5 W 68% CL
o} of ol
05} , 0s 05+
- Ree (1079) o Re(e) (107
0155 0.160  0.165 e M e (10 0.155 U.'Lf ) {].3{15
Re(¢ )= (159.6+1.3) 10 (161.2+ 0.6 ) 10 (161.2+ 0.6 ) 10
ImG)=(04+21)10° (-06+19)10° (-0.1x14)10°
BR's from KLOE BR's from KLOE, KTeV, NA48 KTeVO08 phases included

Flavianet, Capri
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Angular asymmetry in K, — e*e” '

Results from the entire data set N§ y
5241 candidates including 204:14 2 &
background events o 1000 -3
2 neg and 2 pos tracks required, % R
pointing to a good quality, common £ S
vertex A =
Calorimeter PID (e vs =) based on ! §
E/p L_W e
Cut on pyfor background rejection ° 740 500 550

Major background from K — Miree: MeV/c?

Background under the invariant-mass peak determined by sidebands in
the M__,, distribution

Acceptance using a fit to theoretical predictions

Control sample of K, — n*nn®; decays used to rule out detector
effects in creating false asymmeftries
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K —nn ee

KTeV results on A oqpsing

Large CP-violating angular asymmetry expected due to the
interference between M1 direct emission process and the IB
radiation

It was observed by KTeV and NA48

The new analysis confirms previous results on the CP-violating
angular asymmetry A ., .«ny . Where ¢ is the angle between ee and
nn planes in the K rest frame

N

A 2 L coso - sing >0 N cosd - sing <0
COSE-S1g N cosd - sing >0 +N cos¢ - sing <0

Acoso - sing= (13.6 £ LAy 2 15 ) 102

108101 (9002) 96 1dd

OLD:
NA48-03: A ;. sing= (14.2 £ 3.0, £ 1.95ysT ) 10-2
KTeV-00: A SN 18i6r+a2abr s+ 1.25yst ) 10-2

cosd - sing ~
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Conclusions

Conclusions

In recent years the knowledge of CP-violation parameters in the
Kaon sector has been improved by precision experiments

Data are consistent with CPT symmetry and unitarity

Present generation of experiments, KTeV, NA48 and KLOE have
obtained precision results in disagreement with older data

Present results are limited to the mixing and the direct-decay
phenomena

To investigate CP-violation in the interference between mixing and
direct-decay transition with Kaons, a challenging experimental
program on the very rare K — nvv channel (and 2 generations of
experiments) has to be pursued
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