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Outlook

KLOE results that I will discuss in some detail

Vus extraction from complete set of observables: BR's, t's, A's
allows the most precise test of unitarity of the CKM matrix
precise knowledge of weak coupling constant as test of NP models
LF violation fests from Vs(K.3)/Vys(K,3) and from T'(K.,)/T'(K ;)
NP with LFV can give % effects wrt SM prediction for K, decays
two new analyses for o (e'e — nx)
fundamental input to SM evaluation of the muon anomaly a,
light meson spectroscopy
study of the nature of the f;(980) and a,(980) in ty and N7l final states

I will also touch on

rare Ks decays

CPT invariance test via the Bell Steinberger relation
Quantum Mechanics test

n and n° mesons decays
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Dadne: the frascati ¢ factory sy

SJo /1[4

Ldesign - 5)(1032 Cm_z 5-1

#e+e- collider @ Vs = 1019.4 MeV

Wl

DA®NE-L

% separate e+, e- rings fo minimize
beam-beam interactions
imac Pcrossing angle: 12.5 mrad (2001/02)

oneve. 15 mrad (2004/05)

B0MeVe- & time between collision 2.7 ns
#injection during data-taking

TEST Da¢ne performances in 2004/05

BEAM
= 105 e* + e bunches

T 24 A, Ty 15 A
ACCUMTOR L peak— 14 x 1032 cm2 s
T L, month = 200 pbt
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Kaon production ) %

the ¢ decay at rest provides monochromatic and pure kaon beams

the KK pairs in the final state have the same quantum numbers as
the ¢, i.e., they are produced in a pure J¢ = 1"~ state

olete > 9)=3ub  Kg K" < 0 > K, K"

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

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

= allows precision measurements of absolute BRs

K*K- KLKS
BR = 49% BR=34% . p,= 110 MeV/c
Pib = 127 MeV/c A= 0.6 cm K decays near interaction point

A, = 95 cm A; = 340 cm Large detector to keep
B reasonable acceptance for K decays (~0.5A;)
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The KLOE experiment ¥ L

30/ [
Be beam pipe (0.5 mm thick),
T » r =10 cm (K fiducial volume)
\\%EDN//// | 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

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

solid angle

=y

L

[N
i m
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KLOE detector performance L L
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GE/E =57% /\/E(GCV) Gp/p =04 % (tracks with 6 > 45°)
o, =57 ps /NE(GeV)®140 ps o it =150 um (xy), 2 mm (z)

(relative time between clusters)
vaer"rex ~ 3 mm

G’YY ~ 2 cm (m0 from K, — wtnnO)
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The KLOE data sample

data taking for KLOE experiment, years 2001-2005, now run completed

S 1sof L

ﬁ_ 160 .11{ pbf month 27030:'
4':— 140 | 2002

s 2T 2001 320

~N  sob

R

month since Jan '01

1 3 5 7 9 11 13 15 17 19 21 ?373941434547495153555759

2001-5 ~2.5 fb! integrated @ Js=M(¢9), yielding ~2.5 x 10° KK,
and ~ 3.6 x 10° K*K- pairs
2006 4-pt energy scan around ¢ peak + 225 pb off peak data, /s=1GeV
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Kaon Physics g

30/ |4

Absolute BR's for K=, ArXiv:0707.2532

v K™ lifetime ArXiv:0705.4408
*  Absolute BR for K'—m*n’ ArXiv:0707.2654
Scalar form factor slope for K, . ArXiv:0707.4631

LFV T'(KF— ev)/T'(Kf— puv)* ArXiv:0707.4623
PT BR(K — yy)* ArXiv:0707.3933
dI'(K; — mevy)/dE, ArXiv:0707.4634
UL(K  — e*e?)* ArXiv:0707.2687

CPT Bell-Steinberger JHEP 0612:011 — CPT review in PDG’07
QM KK, interferometry* preliminary at KAON

* whole data sample
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V..£.(0) & V. /V,, @K.OE
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Interest for V, meaurement with kaons oy %

SJo /1[4

in SM, universality of weak coupling dictates

Gom= IV, A% + |V [?) G (from p lifetime) = (9,/M ) [V,, negligible]

we can test for possible breaking of the conditions

CKM unitarity (|V, 12+ |V J[?)=1

Universality G.u? = (IV, A%+ |V, I]?) 6%

W

--0< 62F|qu|2

Standard Model

New Physics

Geum=1.16XX(04) x10-° GeV-2 2 V .at 0.5% makes CKM unitarity test with kaons

competitive to Electro-Weak precision test [ G, , = 1.1655(12)x10-5 GeV-2]

reference value G¢ = 1.166371(6)x10-°> GeV-2 (from p lifetime)
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GZ 5 | ) 31071 [§
F(K — WIV(Y)) = |Vu3|2 |f+K7I(O) IZ 76F8rn7_c§ Sew CZK IIK(7\’+17\" +l7\"0) (1 + 8IK)
theoretical inputs

v f.(0) form factor at zero momentum transfer =» purely theoretical calculation,

recent result from UKQCD/RBC f,(0) = 0.961(5) in agreement with Leutwyler and Roos
f.(0) = 0.961(8)

V.. from semileptonic kaon decays oy %

v 8l =(APYR+Al em) e m. and I-breaking corr., presently known @ few %o level
v" Sgy universal short distance electroweak corr. S, = 1.0232,
Cy=1(212) for K° (K*) decays

experimental inputs

v (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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Tagging of K, Ks beams iy L

SJo /1[4
K, tagged Ks tagged | o
by Ks — n*n- vertex at IP by K, interaction in EmC
,‘r""ii-._ __qj‘:""h-:* ,‘,"‘?iﬂ ej-j—iq}‘—'
,/i_—__ __—_isx ZZA_—__ o 'l}_vﬁ‘x;
A ' —_\;e f—__ _‘—ﬂ
A N A mi
[ A TN i \

TN - ;
W‘[‘————ﬂa U k_ _j
| /o T i I ‘ |
Y;—_ f; \ _-j?’ R’Y;—_ 4 : _j;77
T"Y;;____ I;f ____;:‘7;7‘ .QK;;___ ::; ___;;7‘
~ e e
o . .
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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Analysis of K — mev sy L
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number of signal counts by fitting

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

background from Kg 2 nm %700_ * Data
* track-cluster association %6005— - MC mev
required F !
500_ - MC mrn
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)
P. de Simone 10/30/2007 - SLAC seminar 12



K — mev : results

unigue to KLOE [péé’ 63

6
BR(K. — m-e'v) = (3.528 + 0.057 + 0.027) x 10-4 (s 8006)
BR(Ks — wev) = (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,

=R

R

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

Lesser of p . —F

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,,, " =05 5174033 ne
BR(K, > 31%) = 0.1997 + 0.0005,,,, + 0.0019, ,, L > C==A =
BR(K,> mmn(y) ) = 0.1263 + 0.0005,,,, + 0.0011, , [PLB 632 (2006)]

T, measurement from K — n°nn’, 400 pb?t g™ P, = 110 MeV
. e > 3 Q1730 g excellent lever
. ge(zu;rf §9°/y zniform inL s o e
o (yl;) 2 50(-:m §1250 meinsur‘emem‘
L y w : .
* background ~ 1.3% QIOE = >
use K »n'nn® for «EmC time scale X 750 ¢ Efo' 2;22 ns :
: ici N
Y vertex efficiency s 037,
lifetime measurement [PLB 626 (2005)] »°}
T, = 5092+ 0.17 £0.25 ns 0 b

KLOE average 21, = 50.84 £ 0.23 ns  ( Vosburg, ‘72 1, = 51.54 + 0.44 ns)
' / - SLAC seminar




K .3 form factor slopes o0 ﬁ
328 pb, 2 x 106 K_; decays —
* PID by kinematic cuts and ToF measurements

» residual bkg reduced to 0.5% using NN trained on E/p and cluster shape

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

(correlations between A, and A,” = - 95 %)

L1 F +H o
. L ‘ Data/Fit
Linear: 1+ A7 P(x2) =89% wop— [ 5
A, =(28.6x05=0.4)x103 0o | o
.d.'.l K-’ /2 127\‘” /2 2 ] 5 W
Quadratic: 1+ N _t/m_ + 12N (t/m_,) 4 fentries /10 — Quadr. fit | &
N, =(255+15=1.0)x 1073 i ”‘*L_L_ . CND
A= (1.4 0.7 = 0.4) x 10~ o 30 Data S
p(M , A")=-0.95 P(x?) =92% > L -1 )
- M2 2_ - | o —
Pole model: M, /(,Mv 0, - | l t a'rll'lnl
Taylor exp.= A',=(m_/M,)* A" =2 \' 2 | ﬁR
my, = (870 = 7) MeV P(x2) =92.4% 0 | | I I
0 | 2 3 4 5 6

Phase space integral
[ Pole model versus Quadratic parameterization 0.5 per mil difference
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K.3 slopes comparison

g -
310711 [4Me)

el KTeV KLOE ISTRA+ NA48 B IERil

’1::". X 10

FriA

20 25 30
/ A, % 103

good ag/”ee;}?em‘ with the pole

relations (Stern et al., Pich et al)

P. de Simone

l

Slope parameters x 10°

pA L A")
»2Indf

25.15 + 0.87
1.57 + 0.38
—0.941

5.3/6 (51%)

significance of A°, > 4o

10/30/2007 - SLAC seminar
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KL 3 fOr'm fGCTOr' SIOPC 7\.0

LKL ’ragged by Kg — w'n
5 background re Jec’non of m'n-, wnn® and K5
from kinematics v cut on
6, = Episs(T" 1) -Prriss
0,= Emiss(n_fl'v)'pmiss
= background contamination reduced to 1.5%

using TOF measurements & NN trained on E/p
and cluster shape

0.04 ~ Data-Fit

lL'I l5 20

0.02} J(Fit o - 82(MeV)

I‘I'll.L .+LL +111+ -1— . . . .
o IT'++T+'++++ S wu ID with ToF is difficult at low energies

002r Ao slope by fitting the E, distribution, and
) combined fit with K e3 results for A', and 1",

(correlations between A, and A," = - 99.96 %)
KLOE preliminary arXiv.0710.4470
N, x 103 A, x 103 Agx 103
25.6 +1.8 1.5+0.8 15.4 + 2.1

80000

60000

40000

20000

00 20 40 60 80 100 120 140 160 180 200
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K3 slopes comparison oy ﬁ

§OJ}

ex Ry eyl KTeV KLOE ISTRA+ NA4S
; 4 - \ @EA

2 - .
R 25 |-

0 'l L l L L 'l L l

A, %103

20 25
A, % 10°
o) i
T FlaviA .
;2'_ 20 -
0 [ 1 ] 1 1 1 1 | . 1
10 15
A, X 103 A, X 10°

(KI5 it no NA48 K=y =1266/10/(24:9%) | K13 fit, all data, 1=54/13 (10-)
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K3 - beyond quadratic parametrization (I) Ny %

SJo /1[4

because of the strong correlation between Ay and A," , use of the linear rather than the

quadratic parametrization gives Ay~ Ay + 3.5 A"
to clarify this = is necessary a ff parametrization with t and 2 terms_but one parameter

the Callan-Treiman relation fixes the value of £, ()= f,(r) f,(0) at t=Ay= m2-m 2

~ Ji 1
fi(A )=—"— +A_
A J(0) ‘" Where Acr=-3.5x103

recent parametrization from Stern & coll. (PLB638 -2006) allows such constraint to be
exploited = a dispersion relation for Infy(t) is subtracted at t=0 and t=Ay;, giving

_ﬁ;(f] = exp [ 5 f = (InC' - G'{JJ]]

mij —ms

such that f;;](ﬁf;{) =C ,6(1) is derived from K= scattering data
as suggested byStern & coll. a good approximation is given by

3
I 22+ 0.000416 [ . T+ A3+ 3x0.000416), + 0.0000272 [ t J

Folt) = Mo+ =—— e 6 m?

similar parametrization is obtained for E(‘r)
P. de Simone 10/30/2007 - SLAC seminar 20



K3 - beyond quadratic parametrization (IT) Ny %

from Ku3 and Ke3 data, we find f.(0) = 0.961(5) RBC/UKQCD 07
A, = (25.7 £ 0.6) x 10-3 . X
Ao=(140 £21)x 103 NOT -
p(&)‘o) - 0.26 ! ALLOWED g
x2/ndof = 2.6/3 =
KLOE preliminary arXiv:0710.4470 =
-
~ KTeV . )
we evaluate /i(Ax) fitting the £.(0) g
Ku3 data with the dispersive + -
relation . S N

0.9 0.935 1 1.05
fo(t) =exp | — f‘ ~(InC - G(1)) KLOE value 1.(0)=0.964(23) in
my — My good agreement with lattice
calculations

giving f(A.) =C =123(3)
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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 - n*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)
P. de Simone 10/30/2007 - SLAC seminar 22



Measurement of the BR(K%*3): the method Y %

SJo /1[4

® 4 independent-tag samples: K'u2, K*n2, K-u2, and K'n2
keep under control the systematic effects due to the tag selection
¢ selection efficiency from MC and correct for Data/MC differences

- selection

& 2-tracks vertex in the _ _
fiducial volume (40 cm < p,, < 150 cm) ef‘ji—— - T
: AL THN
& reject two-body decays by /f‘_ N
cutting on P'(m )< 192 MeV (] l ? 1\
&0 search = “’\[{ el i
2 neutral clusters in EmC, with [ .
TOF matching the K decay vertex q; i j
& obtain charged secondary mass m,? il ,Lﬂ"""' T
spectrum from TOF measurement ‘i—_ |1 1l _—;7*7
Ny |
tdecay, = -1, /(Bic) = (+,-L./c) ‘i:;_-_ anitial
m|2 = p|2 X [C(Tl - T'Y)/LI)Z -1]

P. de Simone 10/30/2007 - SLAC seminar 23



BR(K%3): signal and background

& K— nnon°® with a

under‘going a Dalitz decay, ‘% Entries 453276
give a m? under the Ke3 peak 104 = Ke3 Ku3 ;
= reject with a cut on ) \ Knn

>

w

(Emiss B Pmiss) <90 MeV

¢ K — nn® with an early decay 10 3_ Kna'n® /
T — v, give a mZunder the :
Ku3 peak = rejected - 2
evaluating the missing 10 % /
momentum of the secondary S
track in the pion rest frame !
(P*... > 90MeV) 10 |

‘|I 1
| [ H ," Wi
\h h M | M
is = 1.5% of the selected \“HH\ i W a

K*;5 sample, and has the L 0000 10000 20000 30000
m,? signature m” (MeV?)

P. de Simone 10/30/2007 - SLAC seminar 24
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Absolute BR's for K#;

signal count from a constrained likelihood | ; A Data
fit to the m2 spectrum using a linear 0k L = te3
combination of signal and background | Z
shapes from MC N

L W _

10 k N P hlu_?

perform the BR measurements on each | — A
tag sample, separately normalizing to tag S S Y
counts in the same data set, and average | AN/ \
accounting for correlations [ J_//F TN

—10.000 0 10,000 20,000 MeV?

ArXiv:0707.2532

BR(K%,;) = (4.965 +0.038,, + 0.037,)x10?
BR(K*,;) = (3.233+0.029,, * 0.0265,,)x10>

R, = 0.6511 % 0.046, *+ 0.073

Syst

v fractional accuracy of 1.1% for K,; 1.2% for K5
v the error is dominated by the error on Data/MC efficiency correction
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Measurement of the K:lifetime

<> poor consistency of PDG average with measurements spread
8T/T~0.2% — 8V /V_~0.1% 31/t~ 0.8% — 8V _/V_~0.4%

two methods to measure t, allow cross checks on the systematic error
common to both methods = fag events with K, decay, K vixin the DC

- 1stmethod: 1, from the K decay length

* measure the kaon decay length taking into accou
energy loss: t* = 2. L./(B.y.c)

e efficiency and resolution functions measured on data
by means of 7° vertex reconstruction (K — 1t%X)

- 2"4 method: T, from the K decay time —

* use K — %X decays
* use tag information to estimate the T,

' * measure t* = (t,— R./e —T()yx using the y clusters

e lorentz factor Yi: slowly changing along the K* path

P. de Simone 10/30/2007 - SLAC seminar 26



P. de Simone

Kt lifetime : results

d
®
301 [(Ms)
fit to t* distribution from decay length
fit coverage: 16-30 ns (1.1 t2)

fit to t* distribution from decay time
fit coverage: 13-42 ns (2.3 t*)

Events/ns
IS
‘\l

£

| \
.
+++
.
+ ++
+

————
tt

Byt ,
ﬁw‘
Hﬂ%$ 10% ﬁ‘
: t*(ns) t* (ns) ) |
o“‘éo“‘xo“‘sbt*‘(ns) o 2w

40 éOt* ‘(ns)
fit performed folding resolution and efficiency functions
T = 12.367(44)(65) ns

T = 12.391(49)(25) ns mar»’

A
combined result (p = 0.34): 1* = 12.384(48) ns (
ArXiv:0705 4408

P
Q.0F
10/30/2007 - SLAC seminar

27



V. f.(0) from KLOE results - %

SJo /1[4

BR(K3) ‘s, ©1(K|) and t(K*) from KLOE, ©(Ks) from PDG and ff's from dispersive relations
Vsl £+(0)

0
0214 0.216 /o €r7
T T I T @ T T T

0.212
T I L]

K+ — K° diff.: —1.30

ASE{Z)exp =1.52(63)%
ASU@), =2.36(22)%

4 K3 0.21547(72)  0.34

K,u3 0.21661(93)  0.43

Ke3 0.21522(145) 0.68

f.(0) = 0.961(5) RBC/UKQCD,07
V4 = 0.97372(26) PRL96 032002,06

| Unitarity test:
— K*u3 0.21302(155) 0.73 1-V 2-V, 2= 154(79)x10-
G iRNee e

Average: |V, | f.(0) = 0.21556(59) y2/ndf =6.1/4 (19%)
P. de Simone 10/30/2007 - SLAC seminar 28




Vis/Vig from BR (K*'—p*v(y)) . ﬁ

(Marciano PRLS3 231803,2004)

L(KE > wtu(y) _ [Vasl? fmic (0

272 N2
"”;;../’”h) « 1x&Cr-C,)

D(7+

inputs from theory

f/f.=1189(7)  HP/UKQCD, 07

arXiv:0706.1726

radiative inclusive
electroweak corrections

1x a(C,—C,) =0.9930(35)

C. C

T

P. de Simone

st () |Vaal? f2me (1

mi/m%)z

inputs from experiment

I'(K,;,)) rates with well determined
treatment of radiative
I'(K,2)) decays
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Measurement of the BR (K*—u*v(y)) g"% %

— Signal selection

* tag from K- — pv | MC includes
- 175 pb!: 1/3 used for signal selection, |'*F radiative
2/3 used as efficiency sample - process
- decay vertex in DC & fill the P* spectrum
» subtraction of n° identified background |’
- count events in (225,400) MeV window -
of the momentum distribution in K rest [
frame (t hypothesis) 103,

Enltries 2176449

- selection efficiency measured on data
- radiated y acceptance computed by MCr;

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

syst

1
I
180

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

P* [MeV]

f/f, = 1.189(7) from UKQCD ‘07
IV |/IV, 4l = 0.2321 + 0.0013
P. de Simone 10/30/2007 - SLAC seminar 30




Vus - Vud Plane

V4 =0.97372(26) from PRL96 032002,06
f.(0) = 0.961(5) from UKQCD/RBC '07
|Vus| = 0.2243(13) from KLOE K Fit results, no constraint:

;--
0.23

v, ,=0.97371(26)
v, = 0.2252(10)
¥2Indf = 0.85/1 (36%)

* Vud

Fit results, unitarity constraint:

v, = 0.97405(17)

0.225 =

v, =0.2263(7)
x*Indf = 3.8/2 (14.6%)

Agreement with unitarity 1.5¢

P. de Simone 10/30/2007 - SLAC seminar 31



Measurement of the BR(K*—m*nO) o %

SJo /1[4

v’ needed to perform a global fit to Kt BR's
v only K5 and K3/K_, measured recently
v" available measurement dates back to ‘72 (no radiative corrections)

PDG fit ‘06 BR(K*—7*r) = (20,92 +0.12)% ABR/BR = 5,7x10"
CHIANG °72 BR(K*—mind) = (21,18 +0.28)% ABR/BR = 1,3x10

this decay enters in the normalization of BR(K:/3) by NA48, ISTRA+, E865

& normalization sample N;,, given by K'— v tag

& fit the distribution of the momentum of the charged decay
particle in the kaon rest frame assuming the pion mass (p*)

the selection efficiency is only related to DC reconstruction

— global efficiency epy.vrx
measured on data by means of n° vertex reconstruction (K — n°X)
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Measurement of the BR(K*—m*n®)

< signal count from the fit the p* distribution with three contributions

» v peak from DATA control sample e

=

" ev/bin Ny = 818347 + 1912
Ny, = 12113686

selected using calorimetric

information only

+ T’ peak from DATA control sample
selected using calorimetric
information only

+ 3-body decays from MC

+ normalize to the number of tags

< correct for the selection efficiency P*(MQV{C)
— KLOE preliminary
| BR(K* — m*n9(y) = (20.658 + 0.065,, .+ 0.090sysf)%
} 0 -1.3% respect to PDG 06 O, ~ 05%
} ArXiv: 0707.4631
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Measurement of the BR(K*—m*n0) Ny %

SJo /1[4

impact of the new measurement wrt PDG 06 fit value on the BR(K%5)
measurements normalized to K, decays and
comparison with absolute BR(K*;) measurements from KLOE

BR(K,3) BR(K,3)
&.034 D9035
I o
i ® (Using PDGO6 BR(Km2)
i ® Using KLOE BR(Kn2) i ¥ Lsing PDGOB BR(K2) f
0.053 |- i ‘
0.034 Y using KLOE BR(K72) T
\ 4
- 1
0.052 | -
i E % 0.033 -
0.051 I
: 1 | |
I 0.032 |- I
0.05 - I
0.049 |- 0.031 - KLOE NA48 /2
KLOE NA48/2 ISTRA+
0-048 7 | | | | ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L
> 1 "o g 75 ’ 5 003 =06 08 1 12 14 16 18 2 22 24
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V,sf.(0) from world data ~F

310711 [4Me)

the FlaviaNet Kaon W& performs fits to world data on the BRs and lifetime for
the K , K, Kt with the constraint that the BRs sum to unity

|Vl S.(0) Approx. contrib. to % err from:
0214 0215 0216 0217 0218 %err BR T A
B R B i L
—— K,e3 0.21614(59) 0.27 009 019 0.15
. Ku3 0.21612(55) 025 010 018 0.15

Ke3 0.21531(143) 067 065 003 0.15

K=e3 0.21717(84) 039 026 0.09 0.26

FrauA

*u3 0.21731(104) 048 040 0.09 0.26

| 1 | | | 1 1 | 11 1| |
0.214 0215 0216 0217 0218 £ (0) = 0.961(5) from UKQCD/RBC '07

Average: |V, | =0.22535(116)  y*/ndf =1.78/4 (78%)
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V.. - V4 plane

3/0./] ) [[(Me]
f.(0) = 0.961(5) from UKQCD/RBC '07 f /f, = 1.189(7) from UKQCD '07
V.| = 0.22535(116) from K5 IV../V, 4| = 0.2321(13) from K,
< [ me fit results, no constraint
023 F =~
FlavialNet v =0.97372(26)
-~ KAON DECAY WG
V. V. V. =0.2256(10)
yIndf = 0.17/1 (68%)
P fit with
- unitarity
] fit results, unitarity constraint
0225 - %
M “ .V, =sing_=1=0.2265(7)
y2Indf = 2.24/2 (33%)
£l
)
| | Z V;m, agreement with unitarity lc
097 ____ os8rs
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Unitarity test of CKM: G¢ universality oy

310711 [4Me)

comparison between weak couplings from K decays (6.¢y) and from t, (G¢)
6= Goan® = (IVual?+ 1V,e12) 642

6r = 1.166371(6) x 105 GeV-2

FlaviA

Gexn = 1.16581(39) x 105 GeV-2
——

18 @ 20
| Vus vud

agreement within ~ 1.4¢

constraints on NP models, e.g. SO(10) Zy boson [Marciano]

6,:—_ GC'KM []‘007X 8/3X/ﬂ(MZI/Mw)/(MZIZ/MWZ-J)]
implies M, 1.4 TeV @ 95% cL
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K.2: sensitivity to charged Higgs

helicity suppressed decays can be sensitive to H* exchange, T'(K — uv)

2 -
'M —fv) R Mg d m3,]” M=Km
— — tan | T
: / / _ J . [Hou, Isidori,
Fls_:,M(i"lI—}ﬁJ) My Mg d ey Paradisi]

sizable effects in (K — uv) only

SM prediction, V from K; decays,
V4 from B-decays and =,

FlavA BR(K* — uv(y)) = 0.6353(77)
Measurement

KLOE BR(K* — uv(y)) = 0.6366(17)

compare sensitivity with B — tv
(BaBar Belle average) T e W e

charged Higgs mass (GeV
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LF violation test @ KLOE
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Lepton universality from K3 ¥ L

Rl
for K_and K* we evaluate

- - [;Iﬁli}.F.'}{Jf}H L ]-_1;;.11 . Li.'i 'U + l'if:.”i,] o [|L::5| f—i—(ﬂ) .E'-:'i-“hﬁ - if.
o I:R“‘L':ISM 1_'1'3 Iﬁ-j (1 + fi.b'ﬁ}l I_;_’”ﬁ| f—~ [U}]f% obs q;:e

using only KLOE results we get an accuracy of ~ 0.004

K, g 2/g2=1.0054(44)  cfrwith g %g?=1.0232(68) [PDGO4]
K' g g)=09924(54)  cfrwith g g’ =1.0020(80) [PDGO4]
Avg g /g’ =1.0005(38)

compare with
T—>Iv g g =1.0005(41) [PDGOT]
n—lv guz,f’g@2 = 1.0034(30) [Erler, Ramsey-Musolf '06]

by averaging, we can test equality of weak coupling for e and p @ 2x10-3
K, m, g /g2 =1.0019(21)
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SJo /1[4

Lepton universality from Ry = K,,/K , oy %

¢ extremely well known within SM R M = (12.477 +£0.001)x10-°
%in MSSM, LFV could give up to % deviations [Masiero, Paradisi, Petronzio]

NP dominated by contribution of ev.

- ['((K—ev )tI'(K—ev )
=
['(K—=uv)
with effective coupling . .
g2 Mr .. . S 7T TN
E'H:i:-“ — ﬂ.;’;l tan o % e
V 2 Mw in B,
4 7
M m - _
~ K
—> R, ~R M1+ — —5  [AR, [Ftan°p]
—— m.* m?- *
H e

1% effect (AR;; ~ 5x10-4, tanp ~ 40, m,~ 500 GeV) not unnatural
present accuracy on Ry @ 6% (PDGO6) = new precise measurements @ < 1%

P. de Simone 10/30/2007 - SLAC seminar 41




Searching for K,, @ KLOE (T)

BR(Ke2)*2x10-2, expect 4x104 events in KLOE data sample (2.3 fb-1)

perfom direct search for Ke2 without tag = gain x 4 of statistic
search for a vertex inside the Fiducial Volume (40 < p,, < 150) cm
cuts on track quality for K* and secondary tracks, cuts on vitx quality

el el el

=

‘Cuts applied

" KeD

10’

-3000. <M2,ep<3OOO.) % 10,

"y

-5 {)ﬂ{}fimﬁ-} [}ﬂ{)-lﬂl[}ﬂ- 1 Dﬁﬂ {'.I ] D{}ﬂ Zﬂﬂ{} 3 I}ﬂﬂ 4ﬂﬂ{] Sﬂﬂi}

@ kaon momentum is measured with 1% resolution lelC,(MeV)Z
& close kinematics = we get My,
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Searching for K,, @ KLOE (IT)

= PID exploits the granularity of KLOE EmC = shower profile along the
particle path
@ variables used: E2yys = iy N(E(i)<E>)?/N, E/P, cluster shape

DATA

‘Data beftore PID
T:;-Data after PID

Fibers direction view

10 § B/S(-3000.<M?,,,<3000.) # 2.

N ) L —IIDDE]DI -5{;[][] I 'Il_'l' I SDIDD I IUE]DD ]Ei_llﬂ(]'l 10&[][] I 25000
2l S|9na| effICICHCY 0647(6) M- | (MeVﬁcE)Z
W background rejection ~ 300 v
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K., sighal event counting
il K,, event counts: likelihood fit of M

ep VS Erms

4 input: MC shapes for K, ., and background

120

100 [

40

i fit parameters: # of K_, and background, get 8090+160 observed evts

80

60 |

Exns (MeV)

- Fit region

80

Data

70 1200}

60 800

5o 400]

H 40 0

— 30 [ #
800 |

| -
10 400( + $¢$‘H’¢ !

Y0000-8000 -6000 4000 -2000 0 v000 4000 6000 3 ot (MeVZ)

2 () Fecsef . 'ep
Iep (MZV) -4000 -2000 0 2000 4000

i correct for ratio of K,, and K, trigger and vtx efficiencies, and for PID K,,
efficiency

P.d

e Simone
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Ry = K.»/K,, preliminary result

KLOE preliminary result with 2.7% uncertainty
Ry = 2.55(5)(5) x 10-°

Clark, 1972 1007
Heard, 1975 O FlauA g
i +
Helntze, 1976 e 80
INA48/2 (2005 +r_,, SM
NA48/2 (2007 - ]
: 0+
KLOE o T
21 22 23 24 25 28 27 28 29
MK ) /1K) (10
40+

sensitivity shown as 95% C.L. excluded
regions in the tanf - M, plane, for fixed 2o
values of the 1-3 slepton-mass matrix
element, A;; = 10-3,0.5x10-3,10*

B A, =0001

A, =0.0005

A = 0.0001

R, =(2.55+0.07) 107

200 400 600 M (GeV)
H+
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Search for rare K. decays @ KLOE (8% %

SJo /1[4

the K_ crash Tag provides a pure K beam
BR(ete- — K Ks+K K )/BR(ete"— ¢ — K K|) ~ 1010

contamination due to fake Tags due to other ¢ decays or cosmics at
few % level easily recognized in the B-E plane

the first KLOE analysis on K¢ rare decays has been

the search for Ks — 3n° carried out with 450 pb-!
BR(Kg— 3m%) <12 x 107 @ 90% C.L. PLB 619(2005)61
I will discuss two recent KLOE analysis

1 BR (Ks — ) final
i BR (Ks — ere’)  preliminary
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Analysis of K¢ — 7y

g -
310711 [4Me)

BR(Ks — vy) is an important probe of yPT [/ Phys.Rev.D 49 (1994) 2346]

event preselection (1.6 fb!) —

3l Kg tagged by K| crash
4 2 and only 2 v, .mpt With
Ey>7MeV

cos(8,,) > 0.95
(T,-R/c) < 50;

BR =N, X C2n0 X BRaro
8Si9 NZTI:O

8YY: 8pr.ese| X 8se|~ 0.83x0.63 ~0.50
€50 = 0.65

150

0

event selection

3l kinematic fit
Pcs(K crash) = Py s (1Y)
M., = Mys
T,= R/c for both v's
4 QCAL veto

F_ MC
1o

m -

0

« Data

v e(QCAL veto) ~ 1 on signal apart from accidental losses

P. de Simone 10/30/2007 - SLAC seminar
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Analysis of K¢ — 7y Y %

SJo /1[4

= count signal events fitting the 2D plot of M, and 8* in the Kscms with
MC shapes

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

 Data
_ MC v2/Ndof = 1.2
signal

background

300

200

N, = 600.3 + 34.8

1100

sig

W) v’ signal and normalization samples
free from K, — yy bckg

v’ signal shape cross checked with
Ks—> ', K—yy

RLLY]

00

T M, (MeV)
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Ks — vy result

O
o
B
= L
T NA31
& 1PT NA48/99 NA48/03
& [ O(p*) O(p°)
= .
pe KLOE

d
30/ [N
— KLOE final

BR = (2.27 + 0.13_,,003 ) x 106

arXiv:0707.3933

v 2.9 o from NA48 result

v NA48 implied the existence
of sizable O(p®) counterterm
inxPT

v our result makes this
contribution negligible
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Analysis of K; — e'e-
SM prediction is low but precise BR(K; — e*e”) = 1.6x10°1° [Ecker,

leaving room for possible new physics effects to be detected

- event preselection (1.32 fb!) — Mi",_Y__'_S evaluated in e’e hypothesis

N

° KS T099€d bY KL crash 250 —MC KS ~ TE:TE: — HR
» 2 tracks from IP to EmC ~ o — T

to identify the signal we build a Ks— e'e

x?-like variable based on 150
4 sum and difference of (T,,-ToF) 100
of the 2 particles

5 E/p of both particles !

— further cuts on

2l transverse distance between
track impact point and the closest

inv

cluster, for both particles

* P* (w hypo) in the K. rest frame > 220 MeV
* M, to reject residual m*rn® > 380 MeV
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Analysis of K; — e'e i %

SJo /1[4

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
€gig = €presel X Esignal box X Ov-rad = 0.785 x 0.888 x 0.8 = 0.558

e =06, N_= 148174688

v Qly-rad acceptance of the radiated photon £, < 6Mel/ 2%

0.
KLOE preliminary . ‘s -
UL( BR(Ks — e*e’(y)) ) = 2.1 x108 @ 90% CL

P. de Simone 10/30/2007 - SLAC seminar 51

0 >




CPT test: the Bell-Steinberger relation §

measurements of K, K, observables used for the CPT test from UI‘\ITGI“ITY

(1 +i tan ¢gy,) [Re € —i Im §] = —2 A* KgAK, > f) =X, o
Q2 [moaoh =i JHEP12(2006) 011
XS os) W 68% CL
o A Ree=(159.6 +1.3) x10
o'l ‘ Imé=(04+21)x107
N
A with BR(K,~310) < 1.2x107 @ 90% CLL.
8 G -os [KLOE, PLB 619 (2005)] the main contribution
Sl & & | CRee (10 | o the uncertainty now comes frommn,
AT (107" GeV) = 950 cL AM—LAF
ST arere)rfe) g M
0 2 l
\ av=m(K*)-M(K") (1, -+ (1)
ol
Assuming AI'= 0, i.e. no CPT viol. in decay:
_10} AM (107 "% GeV) ('53 x1019< AM < 6.3 ><10'19) GeV at 95% C.L.

10 0 10
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0 — KsK| —»m'nmin: test of quantum coherence Lf’E %
Lo

PLB 642(2006) 315 S

I(jz"“ﬂ'— , 7[+7[_,‘At‘ )oc {e_FL‘At‘ + e_FS‘At‘ —2 ‘\(1 - é/SL )J-e T +F At‘/z COS @m‘AtD}

500

450

400

350

300

250

200 |
150 §
100 F

30 :

- 380 pbt

e Data
1 KiKg— nnnin
- IxL Inc. regeneration
B eTe T

& x°/dof = 29.7/32

K, regeneration
on the beam pipe

No sdmul‘raneous decays

. de Simone

15 Eﬂ 15 0
AUT

33

decoherence parameter
{, =0 — QM
4 o =1 — total decoherence

a3 fit including At resolution and
efficiency effects + regeneration
4 I, T, Am fixed from PDG

s = 0.018 + 0.040,,,, + 0.007
with 2.5 fp? 2 + 0.015 stat

CPLEAR:{,=04+07

BELLE : g = 0.029 + 0.057
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The hadronic cross section @ KLOE
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a, :SM prediction vs experiment
measurement from E821 @ BNL a, = (9,-2)/2 = 116 592 080(63) x 10'11(200)1

theory :a, = a,QED+ qweck + q had  Jegerlehner hep-ph/0703125  pRL9° :
a,QE0 =116 584 718.11(16) x10-11 /\
weak = 154(1)p0q4(2) 1011 -
Q" = had\&JMH Mt 3loop X PReNN

a hed & 7000x10-1 the hadronic contribution gives the largest theory error

v" the low-energy contribution to a e cannot be obtained from p-QCD
v we measure c(e*e- — hadrons) and use dispersion integral

(H; ’ had,lo 1 o
4 @ 4 = MVV(% W :4—7r3 4m2 ae+e—>hadr(5)K(3)
T

v’ o(e*e - hadrons) is dominated below 1 GeV by e*e-—n*n-
v" and the nin contribution to a hod is ~ 66%
so far, estimates of nn contribution to a,"¢ from
v measuring o(e*e” — wtn’) vs /s at an e*e collider
(CMD2 and SND @ VEPP-2M, 0.61 < /s < 0.96 GeV, ~1% rel. uncertainty)
v using the spectral function from t* — n*nv_(ALEPH, CESR data, Belle)

v at fixed /s e*e collider using ISR @ KLOE @ DAPNE
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From Iy o O (method of radiative return)
e+

exploit ISR to extract o(ete” — ) for M,

from 2m_ — /s

@ watch out for FSR: rate ~ same order as ISR signal
@ include radiative corrections taking into account

vacuum polarization a
precise knowledge of the radiator function HM __2) 045’\°
5 dU(‘TEJ-EYJ M;r[nz) ’\6\06.
M, L =H(M,_?) o(mw, M_?) 6‘?(@0
JLIT

\6\@
H(M ,.2) includes radiative effects and kinematical cuts c®
QED MC calculation (PHOKHARA, Karlsuhe theory group, Kuhn et al.)

KLOE is its own luminosity monitor
JLd? from large-angle bhabha events 55°<@ <1250 [Ld7= (N, - N, )/0 \6?’9
, o

effective cross section from theory prediction + detector simulation 'LOO

(
BABAYAGA generator, 6, = 428.0(3) nb [Calame et al. NP B758 (2006)] 5 (}’«1

total systematic on luminosity 0.107% theo @ 0.327% exp = 0.34% ¢
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Measurement of c,,, @ small y angles

:
0! Loi

F]

S5
—150° — 130°

two Aigh-6tracks from a vertex close to IP

P

Y a

compute photon momentum,
without explicit y detection

Py = Per Pe- = Prv— Pro
select signal with a small-6 photon

ML

NI,y

to enhance ISR: do;y/dQ ~ 1/sin?6

v’ relative contribution of FSR
below the % level

v have no access to events with
M_< 600 MeV

v’ reduce background from
il tos 10%

2 N\

residual background from wtnn’, e*ey, utuy subtracted using MC shapes
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Oy @ small y angles : analysis

reject background using
1) kinematics: the M, , variable (JE—‘/pf + M., —JP> + M, ) —(p+p)> =0
to remove i and Ly evts

2) PID from connected clusters %
(TOF + shape of energy deposit) 200

to remove e*eyevts s signal region

mmy(y)
160 _ e

to get o(nmy) in M__bins

e
v"  evaluate & subtract residual bkg :

v correct for angular acceptance 120 G 0
v' correct for selection efficiency B e
v unfold for exp. resolution on M__ 1{'”?' e :.'l o | - T
v" normalize to luminosity 22 i Ge e A% 08

09 1
M__(GeV?)
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Oy @ small y angles : result

update of published analysis of 2001 data [PLB 606(2005)]

analysis of 2002 data
v’ trigger efficiency improved
v new generator BABAYAGA@NLO theory error from 0.5% to 0.1%

g -
310711 [4Me)

P. de Simone

o\
C(“(exp) - GM(Theory) = 287(91)103.;1)%(\@\(\(\ <

10/30/2007 - SLAC seminar

ar'Xuv 0707 4078
a,in the range 0.35-0.95 GeV? (10! units) L O, nb  ame . KLOE 2002
] = 1200 -_—r_.; ...... Rt R R G et
2001 a,(0.35,0.95) = 3887(8)c:1(49)c et : 0 KLoE2001
H Y 7)) SR SRS £ M— e ...{updated).:. ...
2001 update @,,(0.35,0.95) = 3844(8),1q1(49)syst - £ |
2002 GM(O.35,O.95) - 3863(6)ST0T(39)SYST 800 :_ ...... 5?.H.§ ................... %..: ............ ? ....... 242pb_1.§ ...................
[ P - 3.4ix 100 evts
E 600 __T"E:Tj ..................
N CMD2 1998: 400 :_,..s'.(;‘,"o ...................
8_. 361517, 228, 0 p A i o : '.
S ey :
> o !0 . 200 R KLOEp/ne//mlna/—vy .................. Aq'.n ..................
@ | sno: J{Q‘j L s
D 8 361022007, 144 Tayer € ";’,’ 0 L
Z SV 03 04 05 06 07 08 09
V= KLOE 2002 lim.: : 2 (‘ée W)
o 00 prelim.: R . . .
N . 1) discrepancy of e*e” vs tdata is conflrmed 22D
2 : : 10
S22 7 Vsmomemuon . 2)difference of exp and SM is > 3c \(\@Q,Q\(\l



Measurement c,,, @ large y angles i %

SJo /1[4

region close to threshold not accessible in SA analysis, but 20% of a od comes
from region M__. < 600 MeV

s TN
s.CcoL nTmJ = ',/f/’

LA analysis

explicitly requires y detection
with E, > 50 MeV in angular region
50° < 6, < 130° + two high-6 tracks
from a vertex close to IP

Tm

= allows kinematic closure
but ..

@ signal statistics is lower
@ background from ¢— n*nnC is larger

@ contribution of FSR is not negligible
Q! <7
anymore

g

@ jrreducibile background from ¢ —f,(980)y - -
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Gy @ large y angles : result i L

SJo /1[4

— background rejection

@ ~ 40% of bck from n*nnO is
rejected by kinematic closure

Ll 2pozpata_|_ 240 pb %

1200 [ = (nb) 5 o T N -

@ further cut on angle between p,... N .* KLOE 2002 LA
i i LA stat +5y5t

and detected y 1000 e BB e

L]

‘ c

‘i s T

- Error on LA domlnated : : g : 5
600 - by syst uncertalnty on

P

fcumr 5 , :
which is peaked at 0° for signal evts Z / I

background from uuyand sz well simalated by MC | .,,...," |

L] [
+ oy | ! : ! ! !

and FSR are the dominating uncertainty k[— QE pfe/lm/ﬂa/"y n

@ use models for f, decays and results from 0o 1 0 2 0 3 0 4 0 50.6 0 70. 8 0. 9 1
dedicated KLOE analyses of fqyy — n9n0, 'y 2(Gel”)
@ the accuracy of the generator used to obtain Mo

FSR corrections is critical (PHOKHARA)
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Gy @ large y angles : result Y L

SJo /1[4

compare results from LA and SA in the range 0.5—0.85 GeV?

1400 L i : i i : & Py e e
O fpb). 1 g e KLOE 2'002 SA KLOE Preliminary
1200 | O (’nb) e

i KLOE 2002 LA

800 iméum“mmémmmmémmmmémmml. _mm"%:ﬂ“mémmmmémuimmémm_mA o | ;o
L e e o 0:.mwjmmwfum“mimiigwxugw”mm

400 blooddodl LN LEL RITTRTAS it LA
00 : f ?.”g . S | 7y [ US| PSS IS S S S -

Range of comparlsonl"'-fa-... ; t T f M2 (GeVz)

( O'LA 0'5/:)/ 0'5A —
0 1 e - r'an_qe ofco par'lba

ok N

.......................................................................

+0
r 'HJO

|| || ........................ R
061 0a s 07 03 0.4 0.5 056 07 0.8 0.9

(éeW) Z(GelF)

(1011 units)
from LA analysis a,(0.50—0.85) = 2525(6)
from SA analysis a,(0.50—0.85) = 2554(4)

(5 1 )sys‘r
(25)

607% of syst from £,

stat

stat syst
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Light meson spectroscopy @ KLOE
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Scalar mesons physics oY L

SJo /1[4

= analyses of 0 — Sydecays: #*zy 2°2%, na’y final states

@ large and partly unknown contributions from continuum, sizable interference

@ both BR(¢—Svy) and mass spectra are sensitive to scalar structure

450 pb! from 2001-2002 data — ~ 500k events for each mode
_ compare two fit models

Y
Kaon Loo + :
. I;%_ S <f¢ fit parameters M, 9. .9c¢
K T

[Achasov, Ivanchenko NPB315(1989), Achasov, Gubin PRD56(1997)]

No Structure
S L
P JT
. ‘| fit parameters Mg, 9. .. 9src: Isoy
Y

[Isidori, Maiani, Nicolaci, Pacetti THEP 05(2006)]
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The f,(980) — n*n final state

— event selection

@ 2 tracks with 6 >450

@ Pyiss matching y direction 6, > 459
@ e*ey evts rejection on EmC basis
@ u*uy and wn® suppressed with
kinematical cuts

first evidence for f, contribution in

mass spectrum
destructively interfering with FSR

the interference term between
ISR and FSR is ODD under
exchange of n*with n-

N,..(8 < 90°) - N,.(6 > 90°)
N,..(6 < 90°) + N,,(6 > 90°)

Arg =

3000
2500

2000 |,

500

—0.16

—-0.24

—0.32

A@W/%heV

fO(980) region
M_(Mel)"

— FSR-ISR interference M_(MeV)

1000

880 920 960

first evidence for f, contribution also from Arg

P. de Simone
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The f5(980) — n°n° final state ¥ L

SJo /1[4

D00

= event selection

@ 5 photons from the

02 interaction point

@ 1° kinematic fit with
4-momentum conservation
@ 2° kinematic fit also
with constraints on ©°
masses

M, (MeV)

200

£,(980)
I 11 1 1 I 11 1 1 I 11 11 11 1 11 11 L
300 600 TOO  BOO 900 1000 1100

1 IIIIIII I
200 300 400

M,(MeV)

Dalitz plot analysis to extract all possible contributions
@ e*e-— on’ interferes with ¢-mediated production — dedicated analysis
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f,(980) — n'n/non0 : results

g" Parameter Ty 700y
S My (MeV) 980—987 976.8+ 0.3 +10.1
4 f0 . *J_06 . . .
= o (GeV) e 3.76:20.04°035 116 Parameter uncertainties
S o (GeV) 3.0—4.2 ~1.4320.01°3; “o% @ n'ry dominated by exp.
L P/ o 22728 6.9 0177 35 @ 1°n% KL dominated by ¢(500)
@ |Eacameter S nomoy and nn scattering inputs

+2.4 . .
o Zrokk (GeV) 1.6—2.3 0.40 = 0.0‘4:]]2.2; |ns1.ab|||1_y
57';; o (GEV) 0.9—1.1 1.31£0.01°%
- 22 oxk ! o 2.6—4.4 0.09=0.027) 0
7. 240, (GeVY) 12-2.0 2.610.0275

Kaon Loop 7°n°: o(500) needed to describe the data
' . not sensitive to o(500)

No Structure both channels : only f3(980) sufficient to describe the data
always Qo> > 9so,= eXxcept No Structure fit of n'nly

BR(¢— Sy — n°n%) = 1.07(7)10-4 BR(¢— Sy — wtry) = 2.25(15)104
EPT C49:(2007) 473 PLB 634:(2006) 148
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The a,(980) — n7° final state

— 1 — yy final state §800 - - Data
@ 5 v's from IP with 9Y > 210 | §m700 i ;,:,Z((g})gg;:rn;nt)\,
@ kinematic fit (4 - momentum conservation S S0 F h—smy ; n—omOnon?

best v pairing to 7° and 1 ) (\\\ 500 E h—smy 3 =YY A,

@ 3x10% events from 414 pb! Q\@\ o ¥
@ large background ~55% from final states ¢, :
withbor 7 vs Y, :
200

BR(0 — N7%y) = (6.92 £ 0.10,44y+ 0.20, ;) x 105 100 |

0650 700 750 800 850 900 9&n

ArXiv 070.4609

1nnn 1080

M, (Mel)

o o data = n — wtxa° final state
w -+ bckg. (MC) ﬁ]& % @ 2 tracks + 5 vs from IP with 6, > 21°

120 |- % @ kinematic fit (4 - momentum conservation
%% best pairing to m° and 1 )

; @ 4.5x103 events from 414 pb!
@ small background ~15% from final states
X e*e” —»on? — (' nl)n0 Q(
: K Ks — 2 tracks + 2,310 \{.0(9
L MMt BR(¢ — n7%y) = (7.19 £ 0.17 4% 0.24 ;) x 10

5©

M, (Mel)

P. de Simone 10/30/2007 - SLAC seminar
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n-n' mixing  ABszr2rIz00) (N %

n- 1’ system studied measuring the ratio R = BR(¢ — 7°7)/BR(¢ — 777)  H

R can be related to the pseudoscalar mixing angle in the flavor basis and to the
n°gluonic content
_ 1. 0> 7'y, n'>nnn, n— 1°n0n0 .
signal topology = 7y final state
2. 6> n'y,n'— nnln, n— wrnad

the systematic error is dominated s 427 pb! =
by the knowledge of the a Po. S
intermediate BR's q_; ¢ —>ny g
J:; n — 3n° o

& 2

R=(477 £0.09, * O.l9syst)><10'3 g 3
BR(0 — 1Y) = (6.20 £ 0.11;,,; + 0.25,,,,)x1075 =
BR(p —ny) from PDG e

. e M Ty e e e M Ty

in the quark-flavor basis mixing ; ) = cos ¢ |uti + dd ) /2 + sin ¢[s5)
EPT 7 (1999) 271, PLB 503 (2001) 271 | ') = —sin¢|ut + dd)/v'2 4 cos ¢|s5)

“

op = (41.4 + 0.3gtat £ 0.7sys =+ 0.6¢p,)°
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n" gluonium content e 548-'267-273(2007)

bound gluon states, gluonium, could mix in the i’

') = X|qq) + Y|s5) + Z|G)

gluonium content means Z ¢ O that implies (X2 + Y2)x 1

Y
1

(1) D(n'—pv) /T (w—ny)

(2) L(n'—y)/T(7°—77)

allowing for gluonium in the ', a fit
to our result ~ together with other
(3) I'(n'—wy)/I(w—7")  measurements yields

0.8 —
0.6 |

0.4} ¢, = (39.7 £ 0.7)°
Z°=0.14 + 0.04

x%/Ndof = 1.42/2
P(32) = 0.97

| (2)
0.2

0 0.2 04 06 038 1 =
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Dalitz plot asymmetries inn — nn*n
L/R

the Dalitz plot of this
3-body decay is
described by two
kinematic variables,
defined in terms of
the kinetic energies of
the ©'s in the n rest
frame

ArXiv:0707.2355

Char‘ge N1 - N1+ N3 - N1+ N3 + N5 -
. ALR = W AQ = AS =
asymmeftries 1 N+ N3 + N+ N3 + N5 +
N KLOE final
Nevents > 1377 Mevts (450 pb)| 4 . = (0.09 £ 0.10(stat) 099, (syst)) x 10°2
% --------------- 4 Aq = (-0.05 £ 0.10(stat) *003 o5 (syst)) x 10-2
; ([ As =(0.08 +0.10 (stat) *008 .. (syst)) x 102

50004

* all asymmetries consistent with zero at 10-3 level

0

=5 C-invariance OK
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Conclusions ;OE %
Kaon physics o/ (A

4 comprehensive set of observables from K decays: BRs, ts, As
i present accuracy on [V, s[¥.(0) is < 0.3 % using only KLOE results
i lepton universality test from K); decays satisfied at < 0.5%

i sensitivity to NP effects from K ./,
i Rymeasured @ 37%

Hadronic physics

s hadronic cross section

discrepancy of e'e” vs tdata is confirmed
a,(exp) - a,(theo) > 3o important constraints on EMSSM ArXiv:0707.3447

il light meson spectroscopy
fpand a, parameters evaluated from a large data sample

n gluonium content studied
C-invariance studied in the n— " z° channel
most precise 1 mass measurement (I had not time to mention it /) ArXiv:0707.4616

Much more to come from about x5 stat on tape !/
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Spare slides



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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A WG for kaon physics
http://www.Inf.infn.it/wg/vus

Working Group on Precise SM Tests
in K Decays

ISTRA+:

Qleq Yushchenko [Proty mod
Viadimir Obraztsowv [Protving)

Theory:

N Johan Bijnens [ Lund)
SU(3) Breaking Matthew Moulsan (Fraseatl) web Vincenze Clrigllane Loz Alamos)

Form Factors Coorginator Juern (Gasser [Bem)
Patrizia De Simone [Frascati) Clawdic Gattl (Frascati)

Contacts Richard Hill (FNALY
KTeV: Fegerico Mescla (Frascatl)

Sasha Glazoy { DESY) dan Stem (Orsav)

Carrections KLOE:

NAA48:

Ralner Wanke (Unl. Mainz)

Honorary chair: Paolo Franzini (LNF) Coordinators: Mario Antonelli (LNF) and Gino Isidori (LNF)
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K. BR's comparison

Br(KL—mev)

B KLOE
A KTeV
V NA4s
® PDGO4

I

i L i

Br(K L—m“‘r:“:rcn)

0.38 0385 039 0395 04 0405 0.41

-

M KLOE
A KTeV
¥V NA4s8

® PDGO4

—o—

0.9 0195 02
P. de Simone

L L i L L L L i L ] L L
0.205 021 0215

B KLOE
A KTeV

® PDGoO4

0.268 0.27 0.272 0.274 0.276

Br(KL >t nl)

0.12

B KLOE
A KTeV

@® PDGo4

L L i I 1 L ' L L L ‘ L I i i Il
0.122 0.124 0.126 0.128
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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 /!

P. de Simone 10/30/2007 - SLAC seminar



KL — T

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

« K, vertex reconstructed in DC 50 - * Data
» 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

PLB 638(2006)140

250 |
200 |
150 |

100 |

> agreement with KTeV = (1.975 £0.012) x10-3_
» confirms the discrepancy with
PDGO4 = (2.080 + 0.025) x10-3

J m(;wm P2, (MeV)
using BR(Ks— mm) and 1, from KLOE and 14 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
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R¢: perspectives toward 17% error é.OE %
310711 [4Me)

Present status To complete analysis
1.1% Signal counts/1.7fb +30% of data under processing
+40% w recover of prompt K decays
0.7% Bkg subtraction x 2 rejection from kinematics
1.4% MC Bkg statistics x 2 MC stat under processing

1.9% stat error

1.5% mmcomplete PID CS coverage x 4-8 CS stat available, loosen PID cut
0.9% one-prong CS stat ~ 0.5% using all data
0.9% TRG minimum-bias stat Better control of trigger variables

2.0% syst error

Will push error @ 1% : final result will be compared with P326/NA62
measurement (100k events) [R. Fantechi, EPS HEP 2007]
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Kaon physics : future plans

1) Submit 8 papers — within 2007
* Complete K'e2 — 2008*
*  Form factor slopes for K7e3 and K u3 decays — 2008

* Further improvements onV__:
K™ — w*n*n~ to close K" BRs — 2008
Update K; lifetime to <0.5% — 2008

Update K.e3 to 0.5% — to be started
» Update¢p = K K; = n*nw*n- — 2008+
* Measurement of K; — n*n-e*e- — 2008
* Update K; — n%°x° and K; — yy — 2008

* K; = nn to<0.5% (+improve on the main K; / K" BRs)  — to be started

* preliminary result alveady presented
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Gy @ small y angles

x102

1200

to get o(nmy) in M__bins

v’ evaluate & subtract residual bkg
v’ correct for angular acceptance
v correct for selection efficiency
v  unfold for exp. resolutionon M__
v normalize to luminosity

1000

800

600

200

P. de Simone

: analysis

F

)
sjoI KL

_Statistics: 242pb' of 2002- data

400

3 4 Mllllon Events

01.GeV”

08 0.9 1
M_2(GeV?)
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Oy @ small y angles : result

Systematic errors on a,™: was_0.6% in previous ana/_y5/3¢4’::a,.,_

Offline Filter

negligible ;7

7y

Background

0.3%

Trackmass/Miss. Mass

0.2% (prelim)

nfe-1D

0.3%

3 v e e

Vertex

0.5%

Tracking

0.4%

Tngger

0.2%

Acceptance (0_)

negligible

M, 2 =M, (FSR corr)

Software Tnigger

Luminosity

0.3% L

Acceptance (8, )

T BT BT BT B B
0.1% 003 04 05 06 07

Radiator H

0.5%

Vacuum polarization

negligible

ETl::rtall

P. de Simone

1.1% was 1.3% in previous analysis
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Oy @ large y angles : asimmetry

In the case of a non-vanishing FSR contribution, the interference term_

between ISR and FSR is odd under exchange " <= 7t~ .This gives rise
to a non-vanishing forward-backward asymmetry:

5 I KLOE -y Data
; +M[L [ISR + FSR] —

Binner, Kiihn, Melnikov, Phys. Lett. B 459, 1999

N(O" >90°) = N(O <90?)

=
L

o> v <] o ﬂ c ismerseeoop

< l
m

=>» check the validity of the FSR model i O R .'

(Phokhara uses sQED, i.e. pointlike pions) 0 + ¢

=> in a similar way, radiative decays of the + IR "'

¢ into scalar mesons decaying to ' "y - :*

contribute to the charge asymmetry 0.2 3 +++|+ o

Czyz, Grzelinska, Kiihn, hep-ph/0412239 0 e (ﬁ__m G e\-’] J !

*G. Pancheri et. al., arXiv:0706.3027

Possibility to study the properties of scalar mesons with charge asymmetry
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Comparison between e*e” and t data

Relative difference btw. Relative difference btw. ete~ Data
KLOE (2001) and CMD-2, SND and t-spectral function from ALEPH

02

-1

4 —8— KLOE published
02— -] ’ ________________________________ @ CMD-2 published
—&8— SND hep-ex/0605013
_ —8--"— CMD-2 prel.
" """"""""""""""" 1 ALEPH t-data

IF_[*/|F_(ALEPH)-1

o
o] i ! i i ;
o

- a l | T T 0.1 _ ....... Tt 4] |

r t inte}rpo!atgion oféGD -
015 Forobe s KEOE-data- points from y
[ i 635 to 095 GQVE -0.2 __ﬁﬁﬁ:ﬁﬁ'ﬁﬁéﬁéﬂ'o':"[ﬁfﬁ“fl"'ﬁﬁi .............................. ........

4 L | i i ' ' | CMD;:2 and SND!
02 %3704 05 06 07 08 09 1 S AR

s [GeV?] Vs [GeV]

2 KLOE confirmed the CMD-2 discrepancy with tau data and *“...devalidates the use of T-data
ntil a better understanding of the discrepancies 1s achieved™ (A. Hocker ICHEP-04)

=2 Some disagreement btw. KLOE and SND/CMD-2 seen at low and high masses

2> All recent e+e- experiments agree now within 0.50 in the 2w-contribution to a

2 Waiting for new results from e"e- and t data (Belle) |
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Scalar and pseudoscalar mesons }O(

ete” — ¢ —> on’ cross section” ArXiv:0707.4130
d— 2,(980)y = nnly ArXiv:0707.4609
UL on ¢ = KK ** ArXiv:0707.4148
1] mass ArXiv:0707.4616
n— n’7x° 1’ Dalitz parameters ArXiv:0705.4137
n— - 7 Dalitz parameters ArXiv:0707.2355
n-1n' mixing and 1)’ gluonium content PLB 648 (2007)

* energy scan 2006

** whole data sample
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The f5(980) — n°n° final state ¥ L

g o/ [
= event selection

@ 5 photons from the interaction point
@ 1° kinematic fit with 4-momentum conservation
@ 2° kinematic fit also with constraints on n° masses

N oy & — fo(980)y — n'ny
v | J'I:O.Tl:o'}' £ [
) 2 pa b
NGRS ~ 400k eventsf: © | g,
06 - e Pl A
- 010 7012 1014 1016 1018 1020 1022 1034 1026 1028 1030
0 . Vs (MeV)
0L IE fﬂ(ggﬂ) . % 0.8 5 e*e”— wn® — nony
| . Rt i = #_F__
! | . ,#”
a2k ] — —_— #
Ek os | “i"ﬂ
o 01 02 03 04 05 0& o7 'EIE I:I";I' . ] D'1D]ll]‘lllﬂ:1'l."lllﬂllf|4|llﬂ:llliﬁlllﬂ:lililllﬂl’."il}lllﬂl'.'llI]I(IIfL";'II]IUIEIIf!lIII[l:'EISIIIDSD
(é’e [ﬁ ) Vs (MeV)

Dalitz plot analysis to exr‘/"acf all possible contributions
@ e*e-— on’ interferes with ¢-mediated production — dedicated analysis

@ line shape for non-m-mediated final state shows resonant behavior
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The a,(980) — 70 fit results

a,(980) parameters extracted from a simultaneous fit

to both M, spectra (efficiency + resolution accounted)

g

Parameter Kaon Loop No Structure
free parameters:
M_, (MeV) 983 =1 983 (fixed)
gl
Ratio BR;, , \y/BRy, L jimnd g0 (GeV) 2162004 1572013
BR(¢ — pn® — nny) Zuons (GEV) 28+0.1 2.2+0.1
o Byaoy (GEV') = 1.61 005 —
: , BR({¢p—px—snmy)=10° 0.9+04 4.1 (fixed)
M, g g o couplings
N S?ﬂ s BR(n—yyVBR(n—nnx) 1.69 = 0.04 1.69 z 0.04 —
' . xNdT 156.6/136 146.8/134
M, g 40y Ba0KK Za0nn couplings .
P(x*) o 0707,4609 11% 21%
: ArAl 1
iminary in agreement with PDG06

P. de Simone

sizable s quark content’
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n mass measurement

nﬁb' .1
‘! 1
100 X
7 i a3
« We select o = ny — 3y o
. :_“—_'; - 1 *
» Mass scale checked with M_: w7
1.4 o from PDGO06 i 10
. —
syvstematic effect 1y (keV) - m.o (keV) 03 T ews oA 015 a3 (LT -_6.;:5 1
m G VW
Calorimeter energy scale 4 I .
Calorimeter not linearity | 11 5
Vertex position 4 0
Angular uniformity o 15 1 2 4 KLOE (2007)
Angular uniformity # 10 44 . i
ISR effect 8 0 ? CRERS ’
Dalitz plot cut slope 12 4 2 «  GEM (2005)
Dalitz plot cut constant 12 1.9
y© cut 0.7 1 NA48 (200) ¢
overall 27 49
i %47" 5472 5474 5476 SaT8 S48

M " (MeV)

N[q =(547.873 £ 0.007 £ 0.031 ) MeV
arXiv:0707.4616
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ere"— ¢ — on’

* Cross section and BR(¢—wx) from 2006 energy scan

* Interference with continuum 2 f .
Z . ete—mtn nlnl e
 Parametrization needed I Y
. i ]'l'f r JIJ:JJ ll::Ll:l JIJI.."'.J ll::l'll:l
o(Vs) = 05 (5) - - 222 .
? 30 e*e—> monly i
. [ ~ . & 07 F L
Model indep. oy(Vs) : o o S, "“?\-.__H/i
r LL% B
oo(VWs) =0, +0' (s - M,) 3 | | |
1CHID [ el 100 "‘Is ':‘M::I:l_""'l?lil'
Parameter il mninly
o, (nb) 8.12+0.14 0.776 £0.012
R (Z) 0.097 +0.012 0.013 +0.013 - | 7
0 0 4 1n-5
3(2) 013320009 -0155:0007 DBR(@ = wr”)= 5 = (3.63+0.70)x10
®
o’ (ab/MeV)  0.072+0008  0.0079 = 0.0006
SND(2000) : BR(¢ — ") = (5.2 )x107°
X2/NAE 13.4/13 12.8/15 (2000): BR(¢ — axm”) = (3.2,7)x
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Search for ¢ — KOKOy oy L

SJo /1[4

Mainly proceed through — ¢—[f,(980)+a,(980)]y — KK
Never observed
1.4 tb-! data, equavalent MC statistics for background

: +r—p
channel: K. Ky = mwinatmy

background: K(K; + ISR/FSR vy E)(Cl Ud ed

R Escribano 07
Selection cuts optimized on MC . Gokalp 07
N(dﬂtﬂ)=1, thg(}lc) =0 I Offer 95 Achdsov 01| Achasov 89
i KauiLnnp aqqq
A T
BR{(}})*KUEU"{) < 1.8 }CIU_B r“{_:[ 920% CL Bramon 92 Achasov 89
I aq
arXiv:0707.4148
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c(e*e” — had): future plans é.OE} @

SJo /1[4

» Complete the small angle analysis: still missing is the
unfolding of detector resolution.

 Measure pion form factor via bin-by-bin ratio of
mrmy/utuy cross sections — no need of luminosity,
radiator function, vacuum polarization correction

— early 2008

« Obtain pion form factor from data taken at Vs =1 GeV —
suppression of background from ¢ decays (f;), which

spoil accuracy of large angle analysis close to the 2m_
threshold

— 2008
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%

Scalar, pseudoscalar : future plans i %
Lo

SJo /1[4

1) Submit 6 papers — 2007, early 2008

« 1 —> wrwtete : BR and decay plane asymmetry (CP viol.)
— prel. with 25%* stat. within 2007

L | B JIZGW : BR and “w spectrum (xPT)

— update on whole stat. within 2008

* Combined fit for f; — o parameters using n%z% and x*n-y final states

— 2008

. 11" — 1 T T Dalitz — to be started
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K.3 - beyond quadratic parametrization

the Callan-Treiman relation fixes the value of £, ()= f, (1) f,(0) at t=A= m2-m,?

~ fK 1 f.(0) = 0.961(5) RBC/UKQCD 07
SolA) = — +Acr ~
J= f,(0) KLOE [ N
NOT -
where A = -3.5 x 103 . ALLOWED s
recent parametrization from Stern & ’\\2,
coll. (PLB638 -2006) takes into account NALS ~
such constraint = we evaluate F(A) R A
fitting the Ku3 data with the -
dispersive relation ) §
. l i 0 o
Jo(t) = exp | — > (InC' — G(1)) f+( ) o
mi — ms | , _ RN
- 0.9 0.95 1 1.05
giving f (A, ) = C =123(3) KLOE value f,(0)=0.964(23) in good

agreement with lattice calculations
A, =(25.7+06)x103 p(A,A)=-0.26
from Ku3 and Ke3 data, we find Ao=(14.0 +21)x 103 yx2/ndof = 2.6/3
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