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Overview of KLOE data

Data taking for KL OE experiment, years 2001-2005, now run completed
2.5 fb™ integrated @ V=M (@), corresponding to 2.5 10° K K, pairs
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Kaon physics at KLOE

KK, pairsemitted ~back to back, p ~110 MeV

| dentification of K (K ) decay (interaction) tags presence of K (K )

Almost pureK,  beams of known
momentum + PID (kinematics & TOF):

« Accessto absolute BR's
« Precise measurementsof K, ff'sand

K., K" lifetimes (accept ~0.51 , T,)

« Above pointscrucial for Vus
determination: see M. Antondlli'stalk

K'sarein acoherent state: access to quantum-interferencet distributions
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Kaon physics at KLOE: QM coherence oy @

30/ [4

Test QM coherence: | (At) O et + eTdhtl = 2(1 = (g, ) e s+ T2 cos(AmAt)

Kg, » T At t, ® > K g — MITatt,
i : E Fit: e Data
KLOE 380 pb 1701 +'02 data a ' = K{Kg - ntnntne
] ] ! X2 =297 m K; inc. regeneration
Fit with PDG valuesfor FS, FL: AQOF dof =32 == ete ST

Am = (5.61 + 0.33)10° s
PDGO04: (5.301+ 0.016)10°s* 300t

Fix Am to PDG '04 value, obtain: ;
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Peak position sensitive to Am

No simultaneous events:
<+«— samefinal state/

—-0.15 (CPLEAR data) 100¢F antisymmetric initial state
: : : : t,—t)
No QM violation observed with x4 O|12|Ts
sensitivity improvement 0 10 20 30
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The picture fromK° decaysand CPT 8 @

30/ [4

C, P,and T symmetriesare violated, separately and in bilinear
combinations

CPT conservation relieson Lorentz invariance, locality, unitarity
But: violations of CPT symmetry are expected, dueto QG

At present no consistent and predictive theory of QG, energy scale for
CPT violations unknown

Search for CPT violationsisdriven by phenomenology

The most precisetest of CPT violation comes from K° decay amplitudes:

~3x 10710

‘mKD = mf_('[]
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From time evolution to unitarity rel ation

Therelation in the kaon system between total transition rates and decay
widths givesthe most precisetest of CPT violation at present

KU 0
Time evolution (Weisskopf-Wigner), i % [ } = | M-il/2] [— }

Ko) = Ng | |K,)+g|K_
with diagonal states: K

L} — NL I ‘K_}‘FEL‘K
i(mKD_m}_{D) ‘I‘%(FK[}— r}-{n)
s—TpL
describes CPT in massor decay matrices: eg., assumingl go — I go =0,

~ 3% 10714 Im(3) |

oS ¢ gyye'PSW

Theparameter O =

‘ng — m}_{'[j
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The unitarity relation oy @

30/ [4

Only assumption is conservation of probability (unitarity),
Ly =Y Ai(f)A;(f)" , valid if summing over all possiblefinal statesf

One obtains (Bell-Steinber ger relation):

-~ N

s +1g } "Re(e)d 7.~ > 1 |
< —2Im(o) A A%

[F&;’—FL + 7 tan ogw L+| |2, J m(i) Fs—FLZf: L(YAS(S)

\/(/V (Xf
Experimental inputs: K, lifetimesand masses + K decay amplitudes

Outputs of thereation: Re(e) and I m(d)

Advantage of the K° system: few final states contribute significantly
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The unitarity relation: sizeofthe a's @8 @

30/ [4

Expression of a.'sin terms of measurable quantities (for Re € =1.6 107):

Channel Espression 10° x SM value of a.
Tut decays: a, =n, BR(K, - mr(Y)) 111 +i 105
o, =Ny, BR(K, - T1) A0 +i 47

routdecays. d,_,=t1./T N, BR(K - mmr’) 0.04+i0.04
O =T/ T Ny BR(K, - T11)  0.00+10.00

TV decays: a,.=21t/1 n,, BRK -mv)x 04+i0.0
x[Re(g)—Re(y)—i11m (&) +ilm (x)]

CP and CPT violation parameters are at both sides of B-Srelation...
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Test via unitarity: state of the art in 2001488

¥

Before last generation of K experiments, precision CPT testsby CPLEAR

« Measurements @ CPLEAR of timedistributions of S-tagged K, decays,

Re(r) = R[K® — ¢ n70(m)i—|» Ra(r) = R[K" — Frv(v),-
- combined as { Fx — Rz [L +4Re(er) } / {Fs + Rz [L + 4Re(z,

« and fit with the constraint of the unitarity relation, yield:

/|
0}

Im(z,) = (—2.0=+2.6) x 1073
Re(y) = ( 0.3£3.0) x 10~° nd Re(e) = (164.9 £2.5) x 10~
Re(d) = ( 244+2.7) x 1074 Im(d) = ( 2.4+5.0) x 1077

Re(z_) = (=0.5 £ 3.0) x 1073

Limiting factorsfor theerrors. the knowledge of Teev (perform a 6-
parameter fit) and of Toutamplitudes
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Impact of KLOE: K semileptonic decaysi

sjo /I KL

o MKe -~ mew) - T(Ky, - wev) [AmA =4[Re @) +Re (o)
SL —

Sensitivity to CPT violating effects through charge asymmetry:

(K, » ev)+T(Kg - TTeV) |A+A =4[Re(e) - Re(y)]
If CPT holds, A:=A,
AZA  signals CPT violation in mixing and/or decay with ASZAQ

" and A never measured before:

. Can extract |V | by measuring BR(K — 1ev) — See Antonelli's talk

« Completes set of measurements of Ke3 inputsto B-Srelation: now,
(Vg = 0 IKs BR(K; — 7wlv)[(As + Ap)/4 —iIm(x )]

TK
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Impact of KLOE: K_ semileptonic decaysfi @

o Precise identification of charge state, discriminating e from rtusing TOF

« Count number of K. — Tev events fitting multiple kinematical variables

o Correct for selection efficiency by charge and measure (450 pb™ of data)
As=(1.54 9.64a £ 2.9,s) x 1077
Using A =(3.34%0.07) 10 from KTeV,

FromA_—A , evaluate Red = (=0.5+2.5) x 107

use Re (®) from CPLEAR, x5 improvement for error on Re (x)

N __ = —3

determinefor thefirst time Re (y) independently of B-Srelation
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Other exp'tl improvements fromKLOE (@ &@

Sjo/I

Tutdecays.
B(K,—n'n")/B(K,—n"n")=2.254940.0059

B(K, »m*n7)=(1.930 £ 0.017 )10~
B(K, -»n’n")=(9.32 +0.12)10™*

G =0.757 £ 0.012

0*°=0.762 + 0.014

K lifetimes:
T= 0.08958 + 0.00006 ns

T, = 50.84 + 0.23ns

Tuut decays. Tiv decays.
B(K —n'mn")=(3.2£1.2)107 B(K, —mlv)=0.6705+0.0022
B(K, »mn?)=0.1263£0.0012 B(K —mlv)=(11.77£0.15)10"
B(K—n'n’n")<1.2 107 AL=(3.32i0.06) 103
B(K, —»n’n’n’)=0.1997+0.0020 A =(1.5+10.0)10"
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Impact of KLOE: K_BR's

[(Kg — n"m)
['(Kg — 77Y)

Precise measurement of /7 = — 99549 + 0.0054

M easur ement inclusive with L NN _
respect to photon radiation 16 :
1+1%
| ISSREFRRRRNS, SV AU, AN SR W B .;...“' $
Careful check of systematic % [ ¢ ¢ 1~1%
uncertainties: | #Pdof =62.1/16, P = 2.4 E-07 !
. Ratio of selection efficiencies " [ i
for 7T (y) and TP TR Data sample-
« Dependence of tagging 23 | + 1419
1A I 7 0
efficiency on decay mode BPPRR SPARE TV YO 0 VLA WSS, S WSS 30
¢ 3738 ¥ 1T
« Dependence of R on level of [ Rr-22585:+0.0024 1770
machine background, stability =~ | x7/dof = 13.8/16, P(¢") = 0.62 ]
StUdIeS b _IIIIZIllélllIIIGI”EI{”IIIUIHIIZIHllill”llﬁlll
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Impact of KLOE: K_BR's

Combine R with ratio of Ke3 BR'smeasured at ~1%:

I'(Ksg — 7 ¢’ v) | o
R.. = - = (5.099 =+ 0.082,.¢ & 0.039,,¢) x 107*
" ['(Kg — nfn—) (5 st yot)

['(Kg — e 1)

Re- == O (5.083 & 0.073 40t £ 0.0424,5¢) x 1077
Obtain: BR(Kg — 7777) = (69.196 £ 0.051) x 1077
BR(Kg — m'7") = (30.687 £ 0.051) x 10~
BR(Kg — 7 ¢ ) = (3.528 £0.062) x 10~*
BR(Kg — 7te ™) = (3.517 +0.058) x 107"

Comparing N (K, - 1ev) tolN (K, - 1ev), test AS= AQ:

x2 improvement in precisonon Rexz, = (—0.5+3.6) x 107
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Impact of KLOE: rrrfy) amplitudes oy @

30/ [4

BR(K, - mot(y)) measured @ 1%: (1.963 £ 0.012 + 0.017_ ) x 107

* PID using decay kinematics, count
~ 45,000 signal eventsin ~ 328 pb™
e Normalizeto K, — Tuv counts
* Measurement inclusive of all y's

Consistency of K, K tatamplitudes:
« Use BR(K, - mm1(y)), T, from KLOE
« Use €'/e and 1, from world averages

 Subtract DE (from E731) and obtain:

KLOE: [¢|=(2.216+0.013) x 10
KTeV: |g|=(2.239 + 0.012) x 10
PDG 04: |g| = (2.284 + 0.014) x 10"

300}
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Impact of KLOE: rrrramplitudes oy @

Direct search for K- 31 decays: BR(K ;- 31°) £ 1.2x107 @ 90% CL
Ks - 3rPisCPviolating: inSM, I'.=T|n]3, BR(K; - 3m°) = 1.9x10°
« 2 events selected, 2.5 bkg expected in 450 pb

o BKkQ: 210 + 2 split/accidental clusters

0.06 |-

« Normalizeto K — 21 counts : g% NA48290% c.l.

0.04 |- é
Contribution of 31 to B-Srelation: b KLOE 94% c..
. Uset, BR(K, — 31) from KLOE :
. U% TS from PDG 2004 0.0 :_ ...............................................................
. Obtain: n,,, < 0.018 @ 90% CL U

0yl < 10°° @ 95% CL U |
008 :_ l ] | | | IER??(K](I]

-0.06 -0.04 -0.02 0.0 0.02 0.04 0.06

| mprovement with whole data:
X 51n statistics, X 10 in regection, expect to reach 107 sensitivity on BR
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Impact of KLOE: results (1) - &@

Sjo/I

After CPLEAR measurements (2001) After KL OE measurements (2006)

Im(0) = (24 +£5.0) x 1077 Im(d) = ( 1.2£1.9) x 1077

Imo Imo

2 95% CL L0 [ 95% CL
B 639 CL _ B 659 CL

104}

0} i
104
101}
| ~ Ree | | Re €
0.0015  0.0016  0.0017 0.0015 00016  0.0017
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lmpact of KLOE: results (2)

Trandateto limitson AM vsAl':

for Al'=0, 4 x 107" < M, — M, <7 X 107" GeV
AT'(10 GeV) Al (10-18GeV)
[995% CL 71 95% CL
10 -
I 68% CL 10 ¢ I 65% CL
5|
51
0L
5L 0+
CPLEAR AM KLOE AM
10 | (10 5GeV) : | | (10-18GeV)
-10 -5 0 5 0 5 0 5

Limiting quantitiesfor theerror:
Im (x,) and @,_for Im (&), n,_and n,, for Re (g)

New perspectiveson K physicsfrom KLOE — T. Spadaro — ICHEP 06, Moscow, 27 Jul 2006 18




What's next: analysis of K. — yy e @

30/ [4

Test of XPt: BR(K — vy) predicted at O(p*) as 2.1 10° within few per cent

Disagrees with most precise measurement: (2.78 + 0.07) 10°[NAA48§]
100

e Data

DatafittoK_ - yy+K_ - 1’ O MC fit

background from MC, identify 50
612 £ 40 signal eventsin 1.7 fb™

Statistical error dominated by MC,
error @ analysisend will be 5%

Can confirm or disprove 100
discrepancy of NA48 with respect 50 |
to O(p?) :

O i

400 500 600
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What's next: analysisof K - revy oy &@

Sjo/I

Test of XPt: R =BR(K_ - Tevy, E >30MeV, 8 > 20°/BR(K, - Tev(Y))

Test for presence of DE termsvia fit of y spectrum:

Fit data to signal (~ 48%) + background from | EVts/1IOMeV, pata

K, — Tev(y) (~46%), 107 ==, 0 MC signal
K, - TeTCTE, K, - v (y), other (~ 6%) | FE

Preliminary result: R = (O.A92 + 0.02)%

Avg F 0.95 t_ crdoonss 1
S\ N A \\ - 0.90 —  Kle3y-0UT=0.298M42 &=
<’.) <’.) " B other=0.00575786
@ \Q \Q @ % I i e S ol
K P & 08 0 40 8 120
& E', (MeV)

New perspectiveson K physicsfrom KLOE — T. Spadaro — ICHEP 06, Moscow, 27 Jul 2006 20




What's next: analysis of K

Decay mode has never been observed

M easur e charge asymmetry: test of
CPT, CP violation

Comparewidth with K = - muv: test
of validity of AS=AQ rule 300

Comparewith K, - 1ev: test 200
universality of lepton couplings

Total error dominated by statistics, 100 |

expect 3% @ the end of analysis

400 |

- TUV

' Evts MeV

E*Cuts onM_,
- P* (1), and

-vertex quality |

| Entries 4686

e Data
0 MC signal:

K- TV
K, - TCTTY
K, —» 07T

0
Emiss(T[u) ~ Priss (M eV)

20 40
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Conclusions ¥ &@

New KL OE measurements greatly improve knowledge of K K system:

Measurements of K decays uniqueto KLOE

From theseresults:
Test of 1% row CKM matrix unitarity, see M. Antonelli'stalk
Consistent picture from unitarity relation
| mproved precision of test of CPT violation
accuracy on Re (g) and Im (&) improved by a factor [2.5
Future developments:
Analyses of whole data set for K - vy, K - Yy, K. - TUvV
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