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Overview of KLOE data

@ data taking for KLOE experiment, years 2001-2005, now run completed
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KLOE detector performance L L

SJo /1[4

GE/E =57% /\/E(GCV) Gp/p =04 % (tracks with 6 > 45°)
o, =54ps/NE(GeV)®50ps ot =150 um (xy), 2 mm (z)

(relative time between clusters)
vaer‘rex ~ 1 mm

GW ~ 2 cm (m0 from K, — wtnnO)
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Tagging of K, K beams iy L
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K, tagged Ks tagged | o
by Ks — n*n- vertex at IP by K, interaction in EmC
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K_angular resolution: ~ 1° K< angular resolution: ~ 1° (0.3° in ¢)
K_ momentum resolution: ~ 1 MeV K< momentum resolution: ~ 1 MeV
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Recent KLOE results Y L

SJo /1[4

results from kaon decays analyses published by KLOE in 2006
v absolute BR's for 4 main K _channels and t,  PLB 632 (2006) 43

v’ form factor slopes for K e3 decays PLB 636 (2006) 166
v' BR's and charge asymmetry for K.e3 PLB 636 (2006) 173
v precise measurement of I'(m*n(y))/T(nOn0) EPJ C48 (2006) 767
v absolute BR for K* — puv(y) decay PLB 632 (2006) 76

v absolute BR for K, — n*n(y) decay PLB 638 (2006) 140

v' determination of CP, CPT parameters of K® JHEP 122006011(2006)

system via BSR and data from KLOE
v test of QM and CPT symmetry PLB 642(2006)315

a couple of preliminary measurements have been announced

v absolute BR's K*; decays, K* lifetime
analysis close to be completed

v" absolute BR's K — m*n©
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CPT test: the Bell-Steinberger relation §

K K_observables can be used for the CPT test from unitarity

(1 +i tan Qg ) [Re € —i Im 0] =
after CPLEAR measurements (2001)

Re(e) (164.9 £ 2.5) x 10>
Im(8) = ( 24 £5.0) x 1072
- 1lm o W 95% CL
(107 W 63% CL
ol
1k
| Re £(107%)
0.5 016 017 018
P. de Simone 8/03/2007

—Z A¥Ks—>f)AK, —>f) =2, o,

after KLOE measurements (2006)
Re(e) = (159.6 £ 1.3) x 10~

Im(é) =(044+2.1)x 107"
' Im d W 95% CL
L E(107%) W 63% CL
J;gé\
_ ’012/300
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Preliminary results from KLOE

i BR (Ks — e'e’)

i BR (Ks — vy)

i1 BR (K, — envy)

i Ky ,3 form factor slope A,
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Analysis of K; — e'e- oy
0] f [N

SM prediction is low but precise BR(K; — e*e’) = 1.6x10°1° [Ecker, Pich 91]
leaving room for possible new physics effects to be detected

- event preselection (132 fb1) — My is evaluated in e"e hypothesis
- K5 tagged by K, crash 0 B Ks— i
- 2 tracks from IP to EmC Ks = e
e GO = TN

to identify the signal we build a Ks—oee

x?-like variable based on 150 |
o sum and difference of (T,,-ToF) -
of the 2 particles ‘
5 E/p of both particles %0

4 fransverse distance between
track impact point and the closest
cluster, for both particles — further cuts on

.5.'..\. .I . . : l ; : ; ; t : . ; . I
450 500 550 600 6° Minv(MeV)

* P* (m hypo) in the K rest frame > 220 MeV
* M,,ss To reject residual m'nn® > 380 MeV
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Analysis of K — e'e i %
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UL(1g,) evaluated numerically with Bayesian approach, taking into
account background fluctuations /NIM 212 (1983) 319-322]

s optimization of signal box on MC: (492 < M, < 504) MeV and %2 < 20
s we find N, = 3 and pgyg = 7.1£3.6 from these UL(y,;,) = 4.3 @90% CL
s without background subtraction UL(ug,) = 6.68 @ 90% CL

v’ normalize signal counts to Ks —nn(y) counts in the same data set

BR
UL(BR) = UL(g5) X = 5 —
8SiQ ch
€sig = €presel X Esignal box X Ov-rad = 0.785 x 0.888 x 0.8 = 0.558

e =06, N_= 148174688

v Qy-rad acceptance of the radiated foton £*,< 6MeV &y

“TR. 7
KLOE preliminary R g

UL( BR(Ks — ee (7)) ) = 2.1 x108 @ 90% CL -
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Analysis of K¢ — 7y it %
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BR(Ks — vy) is an important probe of yPT [/ Phys.Rev.D 49 (1994) 2346]

event preselection (L6 fb1) — event selection
3 Kg tagged by K crash 4l kinematic fit
4 2 and only 2 v, .mpt With Pcs(K crash) = Py (1Y)
Ey>7MeV M, = Mys
cos(8,,) >0.95 T,= R/c for both v's
(T,-R/c) < Bo, 4 QCAL veto
€ i
BR = NYY x —2n0 ¢ BRZTCO m b DNc\lza
8Si9 NZTI:O :

Jid
€7 Epresel X Ego~ 0.83x0.63~050 1
€00 = 0.65

v e(QCAL veto) ~ 1 on signal apart from accidental losses
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Analysis of Ks — vy Ny %
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4 count signal events fitting the 2D plot of M, and 8 *,in the K5 cms with
MC shapes

2 K .— vy control sample selected to check the energy scale on data-MC

* Data
20 _ MC awn [ * Data
50 signal w [ 27 bckg — MC

background

100 L
2000 |-

so b | wEm e, 1000 |

1500
1000 |

s00 [

350 400 450 500 550 6 650

M., (MeV)
v’ signal and normalization samples free from K, — yy bckg
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Analysis of K¢ — 7y

I

—yy) x 10°
L
N

BR(K
L
1

25

KLOE preliminary
| BR = (2.35 + 0.14) x 10

o v 2.7 6 from NA48 result
+ v' 1.5 o in agreement with
wn| PT A(p?) prediction

y

15
- O(p*) O(p")
1PT

NA31

KLOE

NA48/99 NA48/00

1
0

P. de Simone
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Analysis of K_— mevy =€ %
measurement of the BR and of the contribution due to the Direct e

Emission term in the yspectrum

- inclusive selection (328 pb!) —
- K_ tagged by Kg — n'n
* (Emiss~CPmiss) in different mass
hypothesis to remove ~90% of bck
* ToF to separate e/n (after PID
~ 0.7% contamination)
= 2 X 106 Ke3

=
i

K

radiative sample selection
4 Ky vix -> comparing ToF
and the vy-cluster time, it must
be inside a 8c sphere centered
at the DCvtx

 cluster position to close the
kinematic and evaluate Ey ->

pzv =0= (pK'pn'pe'py)z

< L y—cluster
Q) A
f«r * Ke3y out of acc.
il " not radiative K5
2 ¢ p— O
" * Ku3 - background reduction
0 T _: Signal - E,> 25 MeV to remove accidentals
4 ' * NN to remove
" . Ku3  trained with EmC infos
w0 Faat, _ N n'nn® trained with kinematic and EmC infos
FEEE YR
au(MeV)

P. de Simone
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Analysis of K, — mevy

control sample from K, —»n*n-nO we measure =
R - BR(Ke3y; E*y> 30 MeV, 6*

BR(Ke3(y))
4 count signal and normalization events
fitting the 2D plot of E*, and 6 *,, ., with
the MC shapes

> 200)

lep-y

a narrow window on M. lep-y

= (Emiss~CPmiss) in different masses 3 free parameters < signal and BKgl

hypothesis
% tagging ywith E.,, > 60 MeV 1 BKg2 fixed (MC normalized to Data)
" same y selection and Ey CE SO “Kgl Re3 - 37% )
evaluation as done for the signal -> 10°F ol [ BKg2 mmn? & Ku3(y) ~ 1.5%
pzy-fag =0= (pK'pn'pe'py)Z .

v’ to evaluate the Data/MC y-efficiency O B

correction as a function of E, Ll B
v to measure K yvtx, and E, resolutions 0 20 40 60 80 100 120 By (MeV)

o [enfries/2 M"'V‘r*‘._ [ entries/10 deg
A0 _' .. * DGTO 10 3 E _.—L.-H_"'.'—‘-
example (E,,-E) | 1= _
4000 -_- '_- 10 2 3 ° DGTG
oo ; _ MC signal
".._"""'.;..J . II“.,Mev T P T T D P P

0 20 40 60 80 100 120 1 G*Iep—y(deg)
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Analysis of K — mevy - @

EXP THEORY go_[} K

I theory [Gasser et al.,Eur.Phys.J. 40C,2005]

(06) KLOE

(05 NASS I fit on experimental results

(05 KTev KLOE preliminary

N R = (0.92 £ 0.02,, + 0.02, )%

(96) NA31 statistical error will be soon improved by a factor 2

using the whole KLOE data set
o8 ok oy o0 MC: DE contribution

DE-y spectrum calculated in xPT O(p®) =
. Gasser et al. (hep-ph/0412130) § 56
6-6' X-=1B N
~ — Vv, Q
S04 - XT | KLOE preliminary 1 . I
Zos! = & | fit of the DE contribution -
(-43 £ 41) _
" | [5042 IB events] -0
01 r P _
UL( BRyg) = 2.5x105 @ 90% CL
00 e — o B .
0 50 100 150 200 B, (MeV)
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K3 form factor slope A,

it is relevant for V, to test e/ universality with KLOE only

= K, tagged by Kg — m'm
= preselection cuts : veto on ' M(ﬂ' )+ pl.)>10MeV
vetoonn'nn® E,. (7,7)° —p... —mio >107MeV?
vetoonK,;  min(lo, 1,16, 1) >10MeV
(0, =E, (T, )= Py 0, = E, (T, € )= p,;,)

5 further cut on
63: Emiss(n+:“_)'pmiss
64: Emiss(n_flr)'pmiss

Al

H
=T N T T N T T T I T -

5,(MeV)

= background contamination reduced to = 1.5% using NN tfrained with TOF
measurements
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K3 form factor slope A,

n/| separation at low energies is difficult =

g -
310711 [4Me)

f, form factor slope by fitting the E, distribution, combined fit with K e3

M é ; [PLB 636 (2006) 166]
:Zz; \\ ol .".. * DG.TG v (25 61 8) x 103 LT I patasFit -+
12::?‘«\@“‘? ““““ - — Fit =(144+079)x 103 10 p—————— ot
soocoé—‘ ““““““ ...' - — 4.:o- “““““““ “““““““ 0.9
w0 % | correlation matrix 4 pemies/10° _ Quadr. fit
OE: , """" / ndf-=- 2"'1"/ B A, A, Ao 3 NW-I_ « Data
m 1 -095 031 2 | -1,
X 1 -0.41 1 Tl t/m?
X X IW/'// o1 11
re 0 L 2 3 4 5 6
ach O6/2
5~]Oo/
° Wlfh 2 5
KLOE preliminary b1

Ao = (15.6 + 1.8, + 1.9, 1) x 10°3

KTeV PRD 70(2004) ), = (12.8+ 1.8)x10-3 NAA48 preliminary Ao = (9.1 1.4)x10°3
ISTRA+ PLB 589(2004) Ly = (17.1x 2.2)x10°3
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V..f.(0)& V, /V, from KLOE
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V.. from semileptonic kaon decays oy %

SJo /1[4

G%rm> g
F(K — 71:IV((Y)) - |Vus|2 |f+Krc(O) IZ 12[:8m7t: Sew CZK IIKO\’HA‘ +'7“O) (1 * 8lK)
theoretical inputs

v £,(0) form factor at zero momentum transfer = purely theoretical
calculation, presently known @ 0.8 % level (xPT, lattice)

v 8y e.m. and isospin-breaking corrections, presently known @ few %o level

v' Sgy universal short distance electroweak correction (1.0232),
C¢=1(22) for KO (K*) decays

experimental inputs

v II.(M, A", Ay) phase space integral, ', A", A,, denote the t-dependence
of vector and scalar form factors

v T'Kj3.,) semileptonic decay widths, evaluated from y-inclusive BR's and
lifetimes

v m, appropriate kaon mass
KLOE is measuring all the relevant inputs: BR's, lifetimes, ff's
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Vusf (0) from KLOE results

; {\V‘ KLOE pre//m/n y _
Slopes \

\OF :

BR | 0.4008(15) | 0.2699(15) | 7.046(91)x104 | 0.05047(92) | 0.03310(81) | |3~ = 0.0014(8) o
\Y,

T 50.84(23) ns 89.58(5) ps 12.367(78) ns A,= 0.0156(26)

2 KLOE preliminary
S V| £.(0) &Y
8 & 021 o215 oz & From unitarity

\O
& A K, e3 —o— ?o 2156(7) - 1,(0)=0.961(8)
,C; 9 Leutwyler and Roos Z.
S K u3 - 0:2163(10) [Phys. C25, 91, 1984]
1
33T e N 0-2154019) -V, =0.97377(27)
T K* e3 . 0.2168(22) Marciano and Sirlin
% N> 9 K 13 o 0.2151(30) [Phys.Rev.Lett.96 032002,2006]
N 7 V. xf (0) =0.2187(21
C“> N K,; PDG 04 us +( ) (21)
~s A 0.2114(18) — e/u universality
=) f,(0)[1-V,421'"?
S DRt = 0218721) | KO [6x()/Gr(e)]? =1.0065(98)
EAY A cfr with PDG04 1.047(14)
<V, XF,(0)>  oF ay = 0.21582(58)| cfr with PbG04 1.004(16)
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Vs - Vqblane - %
@ get |V, /V 4| from K,©t — pv widths: [ (K = pv(v) 2 e
I' (1 — pv(y)) f2
5 from the KLOE analysis of 175 pbt  (Marciano PRLIS3 2531803 2004)

o ‘ﬁs
vud

BR(K' > pv(y)) = 63.66(9)(15)% v ] v,
4 from lattice [MILC Coll. 2006]
fo/f, = 1.208(2)(7 14)
_ InpUTS - Vs <« fit with unitarity
Vis/Vas = 0.2286(7 ) "l
V.. = 0.2246(20) Fit results, | |
ue | no constraint _
K;; KLOE, using f,(0)=0.961(8) X 2/ndf = 0.35/1 V.V II
V,4=0.97377(27) P(x2) = 0.56 g
Marciano and Sirlin V=022 39(16) 02597 0975 V.09
Phys.Rev.Lett.96 032002,2006 V= 0.97377(27) A :]-Vud2 -VUSZ:(I,éil,Z )X10'3

Fit results, unitarity constraint
x?/ndf = 3.74/2,P(x?) = 0.15, V= 0.2262(9), V 4 = 0.97407(22)
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V.f.(0) from world data e

the FlaviaNet Kaon W& performs fits to world data on the |, = 0.02492(83)

BRs and lifetime for the K , K¢, Kt with the constraint that k’f — 0.00159(36)

the BRs sum to unity (presented at CKM-Nagoya) A i 061607(82)
o= 0.

o |V | f.(0) (KLOE, KTeV, NA48
RS, G214 0216 0218 022 and Istra+ ave.)

l,: % T T T

O Ke3 - 0.21646(59)

2 :g. not possible to fit to only new
Iige KL“3 [ 021665(71) K* data (unllke for KL)

i 1 v only K#,5 and K#5/nn0 have
Ly, K.e3 _ . N 0.21555(143) been measured recently

O >

. v’ K#3 and i highly

I >‘:’, Ke3 —=— 0.21875(104) correlated in fit

?j ! v' new measurement of nnO is
8\‘:' Kxu3 —— 0.21817(125) crucial

.‘7) 1 1 | 1 i 1

5 < D214 0216 0218 022

V. xF.(0) wops av = 0.21686(49)
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Conclusions
KLOE has obtained new preliminary results on
3 BR (Ks — ete’)
i BR (Ks — yy)
i BR (K, — envy)
i K, ,3 form factor slope A,

recent KLOE measurements greatly improve knowledge of V,,

s the CKM matrix appears to be unitary within ~ 1o
il V¢ still only known to about 1%

forthcoming developments

i final results on K*; branching ratios and K* lifetime
i completion of the BR(K* — n*n®) measurement

perspectives with 2.5 fb” of collected data
s/ more and better measurements of form-factor slopes (K,; and K ;)
s improve K, and K lifetimes
i fractional accuracy of < 1% on the BR for Kg — mev and for K* 5
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What's next ? KLOE?2

A new scheme to increase DA®PNE luminosity by

a factor O(B) has been proposed by P.Raimondi
(crabbed waist collisions) - test in autumn 2007

If successful a new round of measurements with an
improved KLOE detector could start in 2009

The KLOE detector has proven to well face the challenge,
nevertheless something can be improved.

add an inner tracker

add a tagging system for e‘e — e*eyy
increase the EMC read-out granularity
update / upgrade the data acquisition

w w fl (
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What's next ? KLOE?2 g L

SJo /1[4

+ Time evolution of entangled kaon states, reach the sensitivity to the
Planck scale: tests of CPT-symmetry and quantum mechanics

+ e—l universality (K —»ev /K — pv) and the mass of the muon neutrino

+ universality of the weak coupling to leptons and quarks, CKM matrix
unitarity

+ rare Ky decays (semileptonic charge asymmetry, Kg — n*nn®,

Ks — nonn0)

+ light mesons: structure of scalars (via yy interaction), n and n' physics
+ o(e*e~ — hadrons), muon anomaly, evolution of a,,,

+ baryon electromagnetic form factors, e‘e- — pp, nn, AA

% ... and more a new exciting challenge!
who wants to join us is welcome /Il
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CPT test: the Bell-Steinberger relation §

K, K_observables can be used for' the CPT test from unitarity

(1+ztan¢sw)[Re8—zIm8] —2 A*Kg—>f)AK, > f) =X, o
mo (1074 95% CL JHEP12(2006) 011
" Ree=(159.6 + 1.3) x10°5
' Im 5= (0.4 + 2.1) x 103
i the main contribution to the
uncertainty now comes fromn, _ CPLEAR
03 Res (107 Re e=(164.9 + 2.5)X107?
N CCR R TR ¥ T Im 5= (2.4 +5.0)X107
AT (10_18 GeV) 95% CL AM ZAF
U ar=r(k’)-nk°)  s_1 2
of \ AM:M(KO)_M(EO) 2(ML_MS)+%(FS _FL)
Assuming AI'= O, i.e. no CPT viol. in decay:
10} av (10"%cevy)l  (-5.3 x10P< AM < 6.3 x10°) GeV at 95% C.L.

10 0 10
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0 — KK »m'nrnrn « test of quantum coherence éf’E %
Lo

SJo /1[4

Iz 7,7 73 |Ar) o {e‘FL‘M +e M2 -- g T2 cos(Am\At\)}
e Fit including At resolution and Decoherence parameter:
efficiency effects + regeneration {, =0 — QM
* I, 1, Am fixed from PDG {; =1 — total decoherence

SL
KLOE result : PLB 642(200 6) 315
(SL =0.018%£0.0404;,+ £0.007 yyor with 2.5 fb! :

{, <0.098 at 95% C.L. — $0.015

STAT

From CPLEAR data, Bertlmann et al. (PR D60 (1999) 114032) obtain :
{SL =0.13+0.16
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Bkg rejection cuts p*,

= Distribution of track momenta in K rest frame
U 270 REGION 1: 10 g ;
= - (pion hypothesis) shows that, for most of T*T
o and mu bkg events, momentum of one pion is
a8 250
=9 ; well reconstructed
240 | 10
230 |
- . T
1:1] T
210 E 10 E 0 .2 1."I£ REGION 1 .
N S e fra DATA
200 | T N . '
. ® 150 B
I'QHZI-E o e -‘ qats i
#0165 150 300 210 230 230 240 250 360 270 280 | T
p*(1) (MeV) ik
210 | {[1]
200
190}
Ii"ql:llli:i-'ﬂ' 190 200 :i-[l ?_‘I'EI EZ;IU- Elﬂ 2800 260 ETEI I;iﬂ- L

p*(1) (MeV)
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Bkg rejection cuts p*,

= 280 ] The same behavior is observed in REGION 2
% 1o b A (where signal is!). Require for both tracks:
g p* =220 MeV
ﬁ 10
R T 2 3 =0.014
240 7 A
] =
o s g, =0.962
— 2%
230 | _ > -3 : . e
=l e 3 § 270 |
w| REGIONZ2:  owomill, = 0
- MC BKG £
240
040 T90 200 310 220 230 240 350 260 270 2RO | ol
p*(1) (MeV) o =
20
210 -
200 | REGION 2:
190 MC signal
|

% ; P W adii i b g L Lie g L i g Bo e il i1
: I“-JINEI 190 200 210 220 230 240 250 260 270 280

p*(1) (MeV)
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Analysis of K¢ — 7y

* K_.— vy control sample selected to check the energy scale on data-MC

K; =¥y sample obtained
using an analysis based
on ¥2, 16 cut

DATA =60 ]}h'l
MC = 35 pb!

After scale calibration

P. de Simone

entries

entries

1040

0

40

[ data

:'Czr': ndf
Constant
Wean

Sipma

4068

42
£4.96 +
4933 %
40.82 +

2081
1.098
San?

|

X /ndt
Constane
Mean

4

iae

7
089 £
4938 &+

1.686
1001

Mmm 4114 + 1.507

+

| MC
I . ot .
300 4400
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Analysis of K — mevy
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Vusf (0) from KLOE results

g -
310711 [4Me)

u3 — Slopes

N, =00256(18) &

A", =0.0014(8
N 8) \{-\/O
A= 0.0156(26)

of 1‘ ‘“o KLOE preliminary
K K, e3 K u3 Kse3 K*e3 K=
BR | 0.4008(15) | 0.2699(15) | 7.046(91)x10-4 | 0.05047(92) | 0.03310(81)
T 50.84(23) ns 89.58(5) ps 12.367(78) ns
Mgge |V, f+(O) error %
@"KLeB 0.21563(69) 0.32
Qoo K.n3 0.21629(99) 0.46
Kse3 0.21537(144)  0.67
Ke3 0.21682(217) 1.00
Ku3 0.21511(295) 1.37

V. xF.(0) o v = 0.21582(58)

using f.(0) = 0.961(8), V4= 0.97377(27)
A=1-V,2-V. 2= (-13:10)x10

KLOE preliminary

From unitarity

- £,(0)=0.961(8)
Leutwyler and Roos Z.
[Phys. C25, 91, 1984]

- V,=0.97377(27)

Marciano and Sirlin
[Phys.Rev.Lett.96 032002,2006]

Vv, xf,(0) = 0.2187(21)

e/W universality

KO [6e(1)/G(e) ]2 = 1.0065(98) cfr with PDG04 1.047(14)
Kt [6:(1)/6-(e)]2 = 0.9843(251) cfr with PDG04 1.004(16)
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A WG for kaon physics

= Frecise SM Tests In K Decays - Mozilla - | =] s
' File  Edit View Go Hookmaks Tools Window  Help
E‘f;k - rf” - R;%ad f%%ﬂ & http://www.Inf infn.it/'wg/vus || o2 searcn| -

hHome wWkBookmarks ¢ RedHat, Inc. ¢ Red Hat Network [ Suppont [§Shop 2 Products 2 Traning

F |EW_iA Working Group on Precise SM Tests in K Decays F |HV_iA

net nef

Home The main purpose of the working group is to perform precision —
tests of the Standard Model and to determine with high accuracy Ark noss ledg ements
Master Formulac fundamental couplings (such as Vus) using all the axisting
Branching Ratios {published and/or preliminary) data on semileptonic K decays.
et We will provide a continuous update on the average of the results,
U] discussions on the extraction on the parameters, tests of different

models/ parameterizations of the form factors, etc.
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Analysis of K — mev sy L

SJo /1[4

number of signal counts by fitting

- event selection (410 pb!) data to a linear combination of MC
. spectra for signal and background
. f\i/ Ji?‘giisb;’rlcf;\ C£§S_|_: EmC (MC includes radiative processes )
- kinematic cuts to reject S F

background from Kg 2 nm %700_ * Data
* track-cluster association %-600;— - MC mev
required F !
500_ - MC &
e/n ID from TOF :
identifies charge of final state 400¢
300;
normalize signal counts to Kg —nm(y) 200¢t +
counts in the same data set )
(use PDGO4 for BR(Ks—mn(y)), 100 ¢ A
dominated by KLOE measurement) ol . AP

150 —100 50 0 50
Emiss(ne) = CPmiss (MeV)
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Ks — mev - results

unigue to KLOE ['04@ 63

6
BR(Ks — me'v) = (3.528 + 0.057 + 0.027) x 10 00,
BR(K. — m'e'v) = (3.517 + 0.051 + 0.029) x 104 /

BR(Ks — mev) = (7.046 = 0.077 £ 0.049)x<10-4

BR(rev) [KLOE ‘02, Phys.Lett.8535, 17 pbi]:(6.91 + 0.34,,,, + 0.15, ) 104

As = (15 £ 9.6, + 2.9,,,,)x103 compare to results for A;:
with 2.5 fb! KLOE can measure KTeV (3.322+0.058+0.047)x103
A to 3x10-3 NA48 (3.317+0.070+0.072)x10-3

linear form factor slope A, = (33.9:4.1)x10-3

compatible with the linear slope obtained from K, semileptonic decays
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Dominant K, branching

Absolute BR measurements to 0.5-1%

ratios

¥

13500
from 328 pb! data sample '
K, tagged by K; — wtn:

» 13x10¢ for the measurement E
« 4x10° used to evaluate efficiencies 2w

3000

DI o T L

BR's to Tev, Uy, and 7t O w

- K_ vertex reconstructed in DC

» PID using decay kinematics 1500
* fit with MC spectra including radiative
processes 1000

BR to nOnOxn0:
» photon vertex reconstructed by TOF

500

= e Data

Ke3

K,

= 't |

R

using EmC (3 clusters)
* €., = 99%, background < 1% 1

Lesser of p . —F

._ - _____‘-.--.... __-_--_A-. =y

miss
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Dominant K, BRs and K, lifetime C L

SJo /1[4

— using the constraint 2BR(K ) = 1 we get

BR(K > mev(y) ) = 0.4007 £ 0.0006,,, £ 0.0014,..; |itotimo measurement
BR(K, 2 muv(y)) =0.2698 £0.0006,,,, £ 0.0014,,, =005 5174033 ne
BR(K, > 31%) = 0.1997 + 0.0005,,, + 0.0019, ,, L > e==A =5
BR(K,> mmn(y) ) = 0.1263 + 0.0005,,,, + 0.0011, , [PLB 632 (2006)]

T measurement from KL — Ot°x0, 400 |:)|:)'1 2 2000 . P, = 110 MeV
. e > 3 Q1730 g excellent lever
. ge(iu;rf §9°/y zniform in L B f anm fpr ifetime
.o (yli() > 5°C:m §1250 meinsur'emen‘r

L ’ m u .
* background ~ 1.3% QIOE = >
use K, »mtnn® for «EmC time scale X 750 | Efo' thg ns :
Y vertex efficiency s | 0372,
lifetime measurement [PLB 626 (2005)] »°}
T, =5092+017 £0.25 ns 0 bt

KLOE average 21, = 50.84 £ 0.23 ns  ( Vosburg, ‘72 1, = 51.54 + 0.44 ns)
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K .3 form factor slopes
« 328 pb!, 2 x 106 K_; decays
* PID by kinematic cuts + TOF ( ~ 0.7% final background contamination)

- separate measurement for each charge state (e*n-, w*e~) to check systematics
* momentum transfer t measured from n and K, momenta: (+/m_2) ~ 0.3
5

. . [ A", % 10°
Linear: 1 +A,¢ P(x2) =89% : Pale 3
A, =(28.6 = 0.5 0.4) x 10-3 ‘I KTev i
i 3 O
Quadratic: 1+ A/, f/;-”n; +1/2 7\”+(z‘/1-77i[+)2 3 — > g
A, =(25.5 + 1.5 = 1.0) x 103 N O
A, =(1.420.7 +0.4) x 10-3 ] F 2
p(N . N,)=-095 P(x?) =92% F g N
Pole model: M, %/(M,2-7). - -
Taylor exp.= A',=(m_/M,)* A" =2 \' 2 °F <
my, = (870 = 7) MeV P(x2) =92.4% G F —
| >|< (M,)= 875354, »=1.8 | X, x10°
880;_ | | j.’=25,42i0_31 _lel | Izol | Izzl I I.24I I I26I | Izsl | I30I | I32
870k >’< 2''=1.99+0.032 — Phase space integral
860} NS Pole model versus Quadratic parameterization
E - KLOE: 0.5 per mil difference
850 F .
| KTeV  KLOE NAUS - KTeV: 6 per mil difference
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Measurement of the K:lifetime i L

« two methods to measure t, allow cross checks on the systematic error
« common to both methods

- tag events with K , decay

- kaon decay vertex in the DC o f

— 1stmethod: t, from the K decay length
Measure the kaon decay length taking into account the |- -
energy loss: t* = 2. L/(B:Y.c) +
* Efficiency and resolution functions measured on data | © |

by means of ¥ vertex reconstruction (K — m¥X)
e Fit of the t* distribution

Do —

— 2" method: 1, from the K decay time t* (ns)
e Use K —» %X decays

e Use tag information to estimate the T 1.e. the ¢ -K*K™ time

* Measure the kaon proper time: t* = (t, — R /c —=T()Yx using the 7y clusters
* Lorentz factor Yk: slowly changing along the kaon path
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Measurement of the BR (K*—u*v(y)) g"% %

— Signal selection

SJo /1[4

* tag from K- - pv

+ 175 pb-1: 1/3 used for signal selection, 10°F
2/3 used as efficiency sample

» decay vertex in DC & fill the P* spectrum| |

» subtraction of n¥ identified background |04}

» count events in (225,400) MeV window -
of the momentum distribution in K rest
frame (t hypothesis)

1031

- selection efficiency measured on data |
* radiated y acceptance computed by MC |

" MC includes

[ process

Enltries 2176449

radiative

! region
K, reg

BR(K*—pv(y)) = 0.6366 £ 0.0009,,,,+ 0.0015, ,
[PLB 632 (2006)]

1 1 1 [ 0
180 200 22Q 240 2860 280 300

o T(K—>puv(y)T(m—pv(y) o< IV PNV P2

* From lattice calculations: fi /f,=1.198(3)(*1¢_;)
(MILC Coll. PoS (LAT 2005) 025,2005)

P* [MeV]

V| /1V, | =0.2294 + 0.0026
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Measurement of the BR(K%;) Ny %

< 4 independent-tag samples: K*u2, K*n2, K-u2, and K-n2 <l
keep under control the systematic effects due to the tag selection

<> kinematical cuts to reject non-semileptonic decays,
residual background is about 1.5% of the selected K713 sample

<> constrained likelihood fit of m? data distributions from ToF measurements
count the number of signal events

< selection efficiency from MC and correct for Data/MC differences

perform the BR measurement on each tag sample, | Ev/(14Meyy
separately normalizing to tag counts in the same data |
set, and average accounting for correlations: f s MC fit
% ata

BR(Kt ;) = Pre

(5.047 £0.019,,, + 0.039 . ... +0.081 )x102 | |
BR(K%,,) = o

(3.310 £ 0.016,,, + 0.045, , ., + 0.065¢,)x102

1 MeV?
* fractional accuracy of 1.8% for Ke3, 2.4% for K3 o 10056~ o 5 70 203
(MeV?)

e the error is dominated by the error on Data/MC efficiency
correction and the systematics due to the signal selection efficiency is under evaluation
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Kaon production sy

SJo /1[4

the ¢ decay at rest provides monochromatic and pure kaon beams

olete > ¢)=3ub  Kg K < ) » K, K"

detection of a K* (K) guarantees the presence of a K- (K*) with known
momentum and direction (the same for K.K,) = tagging

pure kaon beam obtained = normalization (N,,,) sample

= allows precision measurements of absolute BRs

BR (0 > KoK,) = 34%
BR(0> KK) =49% p,(K) =110 MeV/c

Pl b(Ki) =127 MeV/c A(Ks)= 0.6 cm Kgdecays near interaction point
a A (K )= 340 cm Large detector to keep

) ~
)"(K ) =95 cm reasonable acceptance for K decays ~0.5 A (K|)
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The KLOE experiment v L

3011 [4Me]

Be beam pipe (0.5 mm thick),

r =10 cm (K< fiducial volume)
Instrumented permanent magnet
quadrupoles (32 PMT's)

Drift chamber (4 m @ x 3.3 m)
90% He + 10% ISOB, CF frame
12582 stereo sense wires

nn \?/// YOKE

Electromagnetic calorimeter
> \\| Lead/scintillating fibers
iN\\| 4880 PMT's, cover 98% of the

. L N '
% o ////@\\\%ﬁv solid angle
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Tagging of K'K- beams

K* beam tagged from two-body decays identified as peaks in
the momentum spectrum of secondary
Kf - w*n, p*v (85% of K* decays) tracks in the kaon rest frame > P*(m,)

= 1.5 x 106 KK~ evts/pb! Erqq =36 % = = 3.4 x 105 pv tags/pb-!

= 1.1 x 10° tn% tags/pb!
102 Ev/0.5MeV

"« Data Kinem. ID
3000(— fit:
2000
1ooo:-

180 200

220 240 P*,;(MCV)
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First observation of K — muv ¥ L

SJo /1[4

| Entries 4654

Measurement never done before | |
more difficult than K, ; 2002 Data

@ |lower BR: expect 4x10-4
@ background events from

W E K — wmty + sy + o

Ks— @, m — pv

same PIDs of the signal 200 | +
@ event counting from the fit to ‘ '
E,ics(Tlt) — P,.isc distribution >
~ 3% stat error
@ efficiency estimate from
K .3 early decays
and from MC + data control samples

E’miss(ﬂ:u)_Pmiss (MeV)

Coming soon /!
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KL — T

signal selection:
) |<L beam Tagged by KS g 7Z'+7Z" data sample: 328 pb’!

« K, vertex reconstructed in DC 50 - :
» PID using decay kinematics wo |4 7 &,
- fit with MC spectra :

normalization using K, — muv events
in the same data set

BR(K, — 7#7)= (1.963 +0.012 +0.017) x10-3

200 |
150 |

100 |

> agreement with KTeV = (1.975 £0.012) x10-3_ |
» confirms the discrepancy with

12 14 16 18 20

(my p... (MeV)

0 2 4

PDG0O4 = (2.080 £ 0.025) x10-3 6 \S/E;.0

using BR(Ks— mm) and 1, from KLOE and 1, from PDGO4
le] = (2.216 + 0.013) x10-3 PDG04 lel = (2.280 £0.013)x10-3

1.6c agreement with prediction from Unitarity Triangle
P. de Simone 8/03/2007 - LaThuile



g
KCZ/ KHZ e 30/ 1 [N

¢ Extremely well known within SM R 3" = (1 2.472+0.001)x10->
% Probe p-e universality: non-universal ferms from LFV sources in SUSY extensions

4 from NA48/2 RN = (12.416+0.043,,,,+0.024, )x107
at KLOE the measurement is extremely challenging

i. good reconstruction eff. for signal Il
ii. frigger eff. ~ 1 Z{U
iii. but difficult PID due to huge Ku2 background O(4x10¢) N @

a possible /e discrimination strategy can rely on (\’(5/

N4
» decay kinematics (good separation) 103 ¢

X

» TOF (modest separation, also muons have 3 ~1)6
= cluster shape in ECAL (could be fairly good, under study)
» dE/dx in the DC (could help , under study)
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