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Kaon physics: progress since last SC  §

I'(K—ev(y)) T(K—uv(y)) Accepted for publication (EPJC)

K, lifetime Preliminary

K, lifetime Preliminary

Ky — m0n0n0 Update with all statistics in progress
BR(K* — m*mtn-) In progress
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K lifetime: measurement technique

% Lifetime from fit to proper time, t,, distribution of K= n"x- events
% ¢ position event by event from PCA of K, flight direction to beamline
(0(Z;p)= 0.2 cm while beam spread ~3 cm)
< Redundant measurement of K¢ momentum (from tracks / line of flight and V)

“ Factor 3.5 improvement on t, by means of geometrical fit (Kg direction fixed,
IP position and decay distance free) +1
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K lifetime: results

730 pb~1 — 25 million events after all cuts

> Results as function of K¢ direction 0 s[ entries [ 2/dof=8/13
(different resolution) 103 ﬁ*—hﬁk
> Fit range: (-2 ,+7) T 102k ' T

> Resolution described by two gaussians _L|

Fit -
> 5 parameters fit: T4+ resolution 1 b mngeT /10 1
505 lokl: i ] ) .-Lllol\s
[ -4 2 0 2 4 6 8
- Tg (ps)
o [ pr'cli:[\ifna‘r'y preliminary T= (8956 + 0’03stat + 0°07syst) ps
S e i | New world average:
89.5
KTeV NA48 NA31 [4Ne)= Tg = ( 89.59 £0.04 ) ps
©9)  (©2) (O
[4.6x10~% error w.r.t. PDGO08 5.6x104]

89.0
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K, lifetime
The error on 7, is the main limiting factor on Vg accuracy from K, decays

O(V,sf.(0)) =01% ® 02%® 0.1% ® 0.1%
(VsF.0)  gp T

phases space radiative
integral corrections

T, measurement can be improved (stat.+syst.) with whole KLOE data sample

L
> K, tagged with K—=n*m- vertex at IP v,
d //KL
o 8Ly
» K, direction and momentum from DC <
measurements KSKE
> Unique to the KLOE calorimeter: LZ=d?+ Ly?— 2d Ly

L, and L, by time measurementst,  cos6

Cty: LKL//))L + L)/
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K, lifetime: results

> K_ “photon” vertex, built with
at least 3 y's from 3n® decay

» Time scale, neutral vtx resolution,
v reconstruction efficiency
surveyed with K = x*n-n¥ events

E o Constant 0.1184E+05 £ 2291
Mean 0.2887E-01 + 0.3522E-02
i 3 1.930 + 0.4327E-02

S cm

T, =509260) ns

KLOE

x10 2

6000 |-
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0 \

L=11 pb [ 2/ gof = 50/54

K _— hés — 0n0
/L“f};m{k‘{ > | PN IR
0\_5/ 10 15 20

fit range: 8 - 26 ns

\~

46 x10% events -
1.81% backgraund -

t* (ns)

T = (50.56 = 0.14,,, = 0.21,,) ns

Whole data sample: o = 0.11 ns

Ty, =50.72(36) ns Work in progress to reduce systematics
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BR(K"—a*m-m*(y))

s Completes the KLOE program of precise and fully inclusive K* dominant BRs
¢ Available measurement from 70s, with no information on rad. cut-off:

CHIANG (3330 eyis) ¢ BRIK—=mwtmrs) = (5.56 + 0.20)%
ABR/BR = 3.6x102 :

Signal selection | S
» 2-tracks vertex before DC inner wall and along ““ pm K:oa/w-;\—_%" egbath
the K path obtained from backward extrapolation N

of the tagging kaon track to the I.P.
» Signal peak in the missing mass spectrum (~m_?)

K—uv tag: = 60000 K*—3r events K—nn' tag: = 25000 K*—3m events

10 % — - —
104 — data 10 % _ data
_ MC 0% T MC
¥ - . —
(U = Bckg F—— ———_ Bckg
i S —— wFr——— T
10 7 _m*—\__\ﬁ_ T
: 10 |
10 | “ﬁ '
by 1 Ly Ll l 1 & Y P ] ] 1 L. 1
075000 100001500020000250003000035000400004500050000 0 5000 100001500020000250003000035000400004500050000

Missing mass? (MeV?)

Missing mass? (MeV?)
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BR(K"—a*m-m*(y))

€ single trk (data)

Signal selection efficiency from MC and folded with — . (MC)
single tr

K — za’z’ control sample to measure &gy, 1k

— Control sample selection

K path from the tagged K track and ¢ kinematics
Reconstruct neutral vertex K —-x’n’X decays looking for 4 y’s with
time measurements consistent with the Kaon ToF

ot = pKt - pnf - pr©
P Ex) P P op, ¥ 14 MeV

700

600 The purity of the
o sample is = 99%
300
200

100
.

%550 100 S0 o 50 Ap.. (MeV)
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Hadronic physics: progress since last SC 7

¢ — KoKy

¢ — 2,(980) y

Gluonium content in 1/’
n — nOnOn?

n — Ty

n — TrNete

m — efeete

n— s

vy — 7m0

Y —M

o(nrry) large angle, off-peak data

o(suy)/o(upy)

PLB 679 (2009) 10

PLB 681 (2009) 5

JHEP 07 (2009) 105

Final, paper in preparation

Prel. BR evaluation, M__ study in progress
PLB 675 (2009) 283

First observation

Analysis tuning

Analysis refined with all off-peak data
New search

Final, paper in preparation

In progress
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N—ntrTy: motivations

v" Significant contribution from the chiral anomaly responsible
of n—yy decay is expected. Study of the two pion system

allows for test of ChPT and its unitarized extensions (e.g.
VMD or chiral unitarity approach) = M__ shape needed

v' Existing data, low in statistics and not acceptance corrected,
not sufficient for unambiguous theoretical interpretation

v’ Latest result from CLEO

'(n—on*my) / T(n—n*ra’)
on F(T] —>J‘CJ‘EY)/ F(T]—>JT,J'EJ'E) value events author  year
differs >3co from old 0.203 + 0.008 PDG average
0.175 + 0.007 + 0.006 859 Lopez 2007
measurements 0.209  0.004 18 k Thaler 1973
0.201 + 0.006 7250 Gormley 1970
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['(n—a*wy)/T(n—wtn n’)

< DATA SAMPLE: 1.2 fb!
% Kinematical cuts to remove all bckg but p—m*nn":
e = 29%, BKG/SIG=10:1
* Different topology in yy distributions for signal and background
¢ Simultaneous fit to both spectra to extract signal

10°

® Data

— AllMC
MC signal

— MC bckg

10°

10*

103 Y

10’

10 [T e
1

S SRR IV SRS 1 WSS [ ,,.1,.._.,.,‘.1,“[.‘;II[J,TJQ: ,11”\%
M(Yetathi) (MCV) COSe(Yetathi)
n—nn ' selected with high efficiency (40%) and BKG/SIG=0.5%
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['(n—a*wy)/T(n—wtn n’)

['(n — 777 7)

= 0.2014 + 0.0004__,

['(n — wtm—7V)

» We are evaluating systematics, aiming to reach ~ 1%

» Plan to use full KLOE data set to investigate the m*m-
iInvariant mass distribution: cuts on Myy and cos6(yy) in the
nV rest frame allow to reduce the background contribution to
2% with a signal efficiency of ~25%
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N—e*e"ete” analysis

¢ Data sample: 1.7 fb~!

¢ MC simulation according to J.Bijnens and F. Persson, arXiv:0106130
(courtesy of J.Bijnens)

¢ FSR included

% e*e pairs from photon conversion _
on Beam Pipe and Drift Chamber 3%
wall rejected

** Remaining background from ¢
decays subtracted

% Fitto M_,,, distribution with MC

signal + continuum background 100
shapes yields:

N — 413 + 31 T R N I

eeee M (MeV)

eeee

I
—

200 -
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The e"e-e*e X process

~ 10
e e ; i Weizsiacker-Williams
-4 . . .
F0OE N\, approximation, valid for
= s 2 << W2
; 5[ \nn |qY |
- 10 F
- X 6 : \]
~. el 100
07 L
= + -
e e
. -8
10 E
ST PUT I SRR
0 250 500
N L[ L
ete —ete X vvdeU)')' - x (Wy,)dw
Yy I,
Vs (GeV) 1

c(ete — efe %) (pb) 266
c (ete” — e*e 1) (pb) 43
y =mx/(2E}) c(ete” — e*e 1) (pb) 3.3

1602T x..., EN*(, 9 o0, 1 . .
Octe——ete-X = a 3’\ L (ln b) ((y2 + 2)? lng —(1-19% (3+y2))

ms m.
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e'e > e’en: motivations

I'(yy) measurement

VALUE (keV) EVTS DOCUMENT ID TECN _ COMMENT Vs (GeV)
0.51040.026 OUR FIT

0.51040.026 OUR AVERAGE

0.51 +0.12 £0.05 36 BARU 00 MD1 ete= — ete—y 2104
0.490+£0.010+0.048 2287 ROE 90 ASP ete™ — ete 29
0.51440.01740.035 1295 WILLIAMS 88 CBAL ete— — ete—yp 9'4'22'2

0.53 +0.04 £0.04 BARTEL 85E JADE ete™ — etTe

Transition form factors for light-by-light
contributions (A. Nyffeler, J.Prades) to g-2...
— KLOE-2 needed

8° 5 )
R
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Selection of e'e~— e events

Data sample: 240 pb' @ Vs =1 GeV % wxf —
0.2 F o e
Oﬁ 0.15 F A ;-"F-%:‘
Selected channel: n—=n*x-n’ =iy Sl
-0.0g :
» Two prompt neutral clusters MEY DATA ¢
> Two tracks 400 300 200 1000 100 200 300 400
» Photon pairing: %2 ,< 8 -
> Klnema’Flc fit: >, < 16 9 ois | 0
> Parabolic cut on: S oust
M2 ~s+MZ-2Es - L \E :
T o / MC signal |
Signal: o=0.043 nb €, =20% 400 300 200 100 0 100 200 300 400 1
ot
p, MeV)
Backgrounds:
nYy wn® atn w° KK~ KsKy ete v
n—atan? | w— ata—a° v, rtn®
o (nb) 0.23 5.7 30 8.6 2.0 400
£ 9.2 x107° 63x107% [ 1.5x107% | 19x107°% | 1.7x107% | ©O(1077)
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e'e"—e’en: fit results

Fit to p_ and M_...2 with signal and background shapes
Background yields constrained by present knowledge of x-sections

e /d.0.£.=75.9/83 | %%, /d.0f.=59.8/43 — ete —> etey
70 [ I

| n PF ignal
o -
o ol %

80 -

40 |-

40 -

0?. -wﬁﬂ&ﬁ}m&;{ﬂ"ﬁ : L 1 Lt e [ - "
400 -300 -200 -100 0 100 200 300 400 0 s 0T 005 0 005 01 o015 02 025

p; MeV) M (GeV )

Extraction of o(e"e"—=e"en) and I, in progress
Statistical accuracy on I, comparable with existing measurements
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Search for yy—o(600) 2w

» Long debate about the experimental evidence of the o(600) meson

» Evidence for itn- bound state (E791, CLEO, BES) from Dalitz plot analyses
» Values of mass and width with large uncertainties

> Indirect evidence in the ete——a’n% Dalitz plot analysis @ KLOE

BW shape folded with yy flux function

. - 7 |-
Only process to measure directly > 0.2 m, = 478 MeV, T. = 324 MeV
00175 o ~ = N s ~
h ling = infer str r ) -
the oYy coupiing er structure .% 0.15 + m: = 813 MeV, = 335 MeV/
£0.125 -
n'n? preferred w.r.t. n*x- due to > 0.1
smaller background contamination | ® 0.075 - Ty = 1 keV
S 0.05 (vy) =1ke
0.025 5 J
fo(600) PARTIAL WIDTHS 0,||1| PSPPI B
F(vv) 200 300 400 500 600 700 800 900 1000
VALUE (keV) DOCUMENT ID TECN COMMENT W (MeV)
e e e We do not use the following data for averages, fits, limits, etc. e o @
1.2+0.4 48 BERNABEU 08 RVUE
3.0+0.6 49 MENNESSIER 08 RVUE ~~4 — =t ax—, #070
4.1+0.3 50 PENNINGTON 06 RVUE ~~ — =070
3.8+1.5 5152 BOGLIONE 99 RVUE ~+ — =+, 7070
5.4+23 51 MORGAN 90 RVUE ~~ — #m+tx—, x0z0
10 +6 COURAU 86 DM1 ete— — gtpg—ete—
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Selection of ete=— et et events

m,, (MecV)
= B ¥

» Four prompt neutral clusters ) M;-m, 2
> No tracks Ko = o(E,,E;) +(
» Photon pairing: x> _< 4
> Zogmin > 60 MeV M.. "2 E.l ® EJ

> p; <80 MeV a ' !
M =2EE;(1-cos6,;)

a(E,,Ek))

, ,I,,I,lvlv2,v.s,',l,l,l,v3v4,,, o

m,, (MeV)
~N o
t}l ]

*]
8

102

<4

I %>, distribution _\ ‘

g,

P
/5

o
8

,_,_r—‘
B B

r‘.l
a*.

=

e

&

1 - . L . N PP IR IPEPIPY PRI IPENREPE IR PP I I e
e - o S i R S B S Sy B S Yo S B 1w 15 150 175 200 225 250

m,, (MeV) m,, (MeV)
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ete - eten'n': M X V)

Expected background yields:

4

€ o(nb) | n=eLo | n/10188
KsKy 5.60 x 10— 20 2 682 0.26
; ' 1.79 x 10~ | 0.33 142 | 0.014 From 239.6 pb™
n — 3= 79 x 10— : j .
— - 10188 events after selection
wn 1.55 x 1072 | 0.55 2 045 0.2
fo — 2=Y 2.58 x 10~2 | 0.17 1 052 0.10
ag — nm® 4.55 x 103 0.11 120 0.012
ete” — 4y | 1.92x10°% | 360 166 | 0.016 — bkgrs’ sum
n— 1.57 x 104 0.39 15 | 0.0014
: + — o’
300 - 070
i — f,— n'n
250 -
200 F +++
Excess of ~4000 events sob
w.r.t. known backgrounds ¢ R
: 0,0 :
in the yy—0(600)—m’n sof
region ot L
200 300 300 600 700 800 900 1000
M, (MeV)
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o(e*e —m*ny(Y) ) measurement

o(e*e- — m*n-y) measured at fixed Vs with high accuracy
ISR used to extract o(e*e- — n*n-) for vVs” from 2M_tovs € €

damy
s =0 (s)* H(s) ~ - i i i
dM? =y Requires precise calculations of the radiator function H(s)
hidd FSR neglected = PHOKHARA MC NLO generator [EPJC27(2003) ]

o(ete- — n*my) measured via absolute normalization with Bhabhas:

» Background rejection with PID using EMC info
d O_obs ANOb _ ANBk 1 1 (eey/uwy) and kin. cuts (¢p— o)
mez(y) = : 5 £ ' » Efficiencies evaluated on data with independent
de AM - €sel f Ldt methods

» Luminosity from large angle Bhabha scattering evts

Two samples used:
1) Small angle: 8, <15° or 0> 165° 2) Large angle: 50° <6, < 130°
B =T » Higher background

o » Al M__ spectrum
- oauematically limited > ISR Photon detected
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o(ete —m*ny(y) ) : LA analysis

2 pion tracks at large angles

500< f_<130°

Photons at large angles
50°< 8, <130°

s complementary analysis w.r.t. SA

< threshold region (2m_)? accessible

*» lower signal statistics

* larger contribution from FSR events

¢ irreducible background from ¢ decays

“* Yisr Photon detected (4-mom. constraints)

% larger ¢ — n*nn® background contamination

At least 1 photon with 50°< 6, <130°
and Ey > 20 MeV = photon detected

S.C. COIL

Cryostat]

Barrel EMC

ME~d Cap EMC),

A
y

Threshold region non-trivial

due to irreducible FSR-effects, which ¢ P

have to be estimated from MC using
phenomenological models
(interference effects unknown)

1 T

¢ = - ¢ e

& = HE
0 . pP S

fO T pﬂ: n
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o(ete —m*ny(y) ) : LA analysis

2 pion tracks at large angles

500< f <1300 of 2006 data
TT
Photons at large angles
50°< 6, < 130° 225001
20000 £ E
s complementary analysis w.r.t. SA - .
17500 < C o
< threshold region (2m_)? accessible =3 -,
15000 = '
“* Yisr Photon detected (4-mom. constraints) - = y " L
12500 . gl
. _ . 10000 F
*» lower signal statistics -
N 7500
* larger contribution from FSR events T
% larger ¢ — n*nn® background contamination °000;'
i i 0 -': 2 -
% irreducible background from ¢ decays : L M. [GeV?]
(I spept® T | Loaaal s Loaa ol

: !
01 02 03 04 05 06 07 08 09

Use data sample taken at J s=1000 MeV,
20 MeV below the ¢—peak
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a

50
45
40
35
30
25
20
15

10

had __

u

KLOE result on Large Angle analysis

3
J'EOC
Onr (87) =—"%[F, (s, )‘
C
C =
- &
N ;o
- KLOE 2009
— + (stat. error) : {
- (stat. + syst. error) \
- .-' .
: : 3
3 Py
el (Me” [GeV]

01 02 03 04 0.5 0.6 07 08 0.9

Disp. Integral:
had(s)K(s)ds

3
4

Systematic errors on a ™(0.1-0.85 GeV?):
Reconstruction Filter <0.1%
Background 0.5%
f,+pm 0.4%
Omega 0.2%
Trackmass 0.5%
n/e-1ID and TCA <0.1%
Tracking 0.3%
Trigger 0.2%
Acceptance 0.4%
Unfolding negligible
Software Trigger 0.1%
Luminosity(0.1,® 0.3, )% 0.3%

Experimental fractional error on a, = 1.0 %
FSR resummation 0.3%
Radiator H 0.5%
Vacuum polarization <0.1%

Theoretical fractional error on a,

=0.6 %

a,=(0.1-0.85 GeV?) = (478.5 = 2.0,,,+4.8,

£2.9, ) - 10-10

0.4%

1.0%

0.6%
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Ky

50

45
40

35

25

KLOEO08: small angle analysis
KLOEO09: large angle analysis

30F

20F
15

10f

2
IF|

: £

- j i @ KLOE09
= * | & KLOE0S
- ¥ % (stat. + syst.)

1111111111111111111111111111111111

01 02 03 04 0.5 0.6 07 08 0.9

2: KLOE09 vs KLOEOS

0 Zoomed region around p-peak:

SR e KLOE09
R

45 - R *x KLOE0S

40 = LY (stat. + syst.)

35

251 (Mma [G V ]
E ol

2854 056 0.58

0.6 062 064 066

Fractional difference:

0(?7% ::N;ﬁ (IF IKLOE08 IF IKL0E09) /IE nKLOE09
0023 4t
0 '
-6.675; e KLOEO0S 0.2 5
_0.1__1 o (b'[d'[ +syst) o (1\,]1"1) I[Ge.V]
0.3 04 05 0.6 0.7 0.8

0.9

Grey band: KLOEO09 error
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Ky

50
B N_g
455 i
: A
40 - / $ e KLOE09
- ] s CMD
350 f § * SND
: Fo
30F A
25 ; ¢
- ' X
20 /
C . ¢
15 ‘ x" "'..
10F 4 *,
5 E_ '*4-': '."ﬁ
E w"' (M [GeV']
0 1111111111111111111111111111111111

01 02 03 04 0.5 0.6 07 08

Grey band: KLOEO09 error
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2: KLOEO09 vs SND/CMD?2

Zoomed region around p-peak:

ig: & KLOE(09

4 0§ = * SND

355 o CMD

30F ‘*4—L.4

25F (M,m) [G V ]
- |

=S

PRI T T T N !
54 056 058

PR TR |
0.6 062 0.64 0.66

Zoomed region at low (MO__)?:

19¢
8E ™ e KLOE09
%53 - * SND o
5F s CMD  a
4 E
3F
JE e Mo’ [GeV')
B, L ! !
0 0.1 0.15 0.2 0.25 0 3 0 35
Fractional difference:
0.3, l IF_I% -IF 12 /IF |2
0.2 —_ ( ' CMD,SND T KLOE09) 1 KLOE(9
0.1:- N
0F A
01E * SND
-g;i s CMD-2
038, e MY [GeV?)

01 0.2 03 04 05 0.6 0.7 08 09



Comparison on a,™ .
* o1 (AN

had __

a, 4;3 fahad(s)K(s)ds

a,#(0.35-0.85GeV?):

KLOEO8 (small angle) a ™ = (379.6 = 0.4,,+2.4,, +2.2,.) - 1010

KLOEO9 (large angle) a,™ = (376.6 = 0.9,,,+2.4, 2.1, ) - 10-1°
0.2% 0.6% 0.6%

a,7(0.152-0.270 GeV?):

KLOEO9 (large angle) a, ™= (48.1  1.2,,+1.2,,,£0.4,,,.) - 10710

+0.3_ ) - 10-10

sta

CMD-2 a’~~=(46.2+1.0

sys
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Forward-backward asymmetry

Different C parity of ntn- for ISR and FSR+¢p— Sy gives rise to a non-vanishing

)_ N@@>90°)- N(¥< 90°)(M )

AFB M = o o
N@@>90)+ N <90°)

v s=M, ~1.0195 GeV vV s ~1.000 GeV
0.4 — 04

-2 Preliminary! 'z Preliminary!

r E 03 £ 4 Data 2006 PEE At
03 L ; 4 Dataz002 ' g ¥ Monte Carlo ’f“

[ 3 ¥ Monte Carlo x“u;“ 0.2 .’g ,0‘

o« H [ m l¢
0.2 LW ) “lth 0.1 [ ‘0'

[ \ A ~ '
0.1 R 0- K

I 4 j x ’

H A% dyart
f] 44 : 01 F IR
or { L Mm,‘ gt HM H

, 02 - |
01 - | ‘.

I -0.3 Iy

, N B [GeVZ] [ [GeV]
02 102 0.3 0.4 05 06 07 08 0.9 1 4001 02 03 04 05 06 07 08 00 1

PHOKHARA-MC modified by O. Shekhovtsova using scalar+VMD contribution extracted from KLOE nt%z0
analysis (EPJC49(2007)473)

S. Giovannella - 39th LNF SC - 26 October 2009 28




Next 0. measurement: st/p ratio

An alternative way to obtain IF_I? is the bin-by-bin ratio of pion
over muon Yyields (instead of using absolute normalization with Bhabhas)

4(1+2m}/s)B, do,, /ds’
B3 do,. /ds'

7 uwy

\ ) | l
!

kinematical factor meas.
(0,2 / 0,,B°m) quantities

F () -

JT

Many radiative corrections drop out:
* radiator function

e int. luminosity from Bhabhas

* Vacuum polarization

102_—

Separation between pions and muons done

experimentally using kinematical cuts: ' / I e

10 B! At
* muonS: MTrk < 1]5 MeV 8;) 9()' 1(;) I('I'ID 120 136“1;0.“‘11156 ‘1é(‘)A‘;;6. ;80
* pions : M, > 130 MeV M. [MeV]
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Conclusions

¢ Still a lot of relevant physics results from the analysis
of the KLOE data set, both at M, and at 1 GeV !!!

“* Summary of achievements in 2009:
> 6 published papers
> 1 accepted paper
» 3 drafts in preparation

“* Our goal is to complete all the analyses mentioned today
and start addressing other selected items before the start
of the upcoming KLOE-2 run
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Planned analysis (2010)

» K= alv /| K mmee
» FF slopes from K;; decays

» Parameters of CPT violation and Lorentz symmetry

» K* lifetime

» K= semileptonic decays

» n—oalyy
> 1 = nun
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F_|*: KLOEOS vs SND/CMD2/BABAR@)

From M. Davier at al, arXiv:0908:4300
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Comparison on a

HMNT 07 (e'e")
276+ 51 F——

JN 09 (e'e)
290+ 65

Davier et al. 09 (1)
148+ 52 —A—

Davier et al. 09 (e'e")
-303+ 51 ——

This work (e'e” w/ BABAR)
246+ 49 e

BNL-E821 (WA)

0+63
1 l | B B e | l 1 1 1 1 l ) ) S ) l (e feory il | l i e el ) l 1 1 1 1 | | 1 l
-600 -500 -400 -300 -200 -100 100
exp x 107"
a, — a;

tdeviation: 1.8 ¢

¢'e- deviation: 3.1 0

2.8 o excluding KLOE
2.3 0 BABAR only
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From BABAR talk @ PHIPSI09

Computing a /™

mx(y),LO _

u

where K(s) is the QED kernel.

K(s) =

2

' - o , ' 0630.0.958 GeVrange
with & = (1 - 3,)/(1 + 8,) and 3, = (1 — dm} /s)'/2. D2 56
m., range (GeV) | o7"7"* BABAR b 58
. - paryer | | o
0.28—0.30 055 L 0.00 L0.0T | (x10-10)
0.30—0.50 55.62 + 0.63 + .53 . SND
(Aa0—1.00 145.M4 + 210+ 251 [
1.00-1.80 9974+ 0.1040.00 — KILOF 08
0.28-1.80 514.09 + 2.22 4+ 3.11
[ BABAR
0.28-1.8 (GCV) — T average
BABAR 514.1 = 3.8
previous e ‘ecombined 503.5+3.5*% 350 360 370 380
1 combined 5152 +35%* a2 (107°)
* arXiv:0906-5443 MD et al.
Wenfeng Wang PhiPsi09 14/10/2009 20

17
m/dsK(s)ognf’r)‘s) ’

im32

l1—x

. i : 1 z? o1+
x? (l - I—) + (1 + 2)° (1 + J_?) [lu[l +x)—x+ %] + a2 i Blu'.r .
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K lifetime: results

Systematic errors

Seuree frectional velue x10°
- selection cuts : 3.3
- COS GK FV cut 5.7
- Kaon mass : 0.4
- fit range : 5.0

T, = (89.56 £ 0,03, ¢ 0.07,)ps

”"eli,,,'.
"ary,
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K, lifetime: results

AT = 5056 + 0,144, + 0.21, . s

__ table of systematic

source At/t % At (ns)
€1ag 0.34 0.17
€l 0.16 0.08
time scale 0.12 0.06
nuclear interactions 0.16 0.08

comparison with previous KLOE measurements

T, = 5092 = 0'1751'01' = O°13sys’r uncorr £ O°27sysf corr ns ’DLB 626 (2005)
A = 1.4 o, taking into account the correlation between syst.

t, = 50.72 + 011, = O.leysT ns PLB 635 (2006)
A=04 0
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Absolute BR(K*—x*m7u*(y)) 5

lifetime and

absolute BRs by KLOE
(dBR/dtt and correlations
available)

PLB 666 (2008)

BR(K*—m*n"")= 0.0568(22)  measured using (1 - =BRy, o¢)

e this measurement completes the KLOE program of precise and fully inclusive
K* dominant BR's
® needed fo perform a global fit fo K* BR's

e available measurement dates back to ‘72 (no information on radiation cut-off)
CHIANG (2330 evis) BR(K—n*nnt) = (5.56 £0.20)% ABR/BR = 3.6x10

~ 180 pb-!enough to reach statistical relative error at few permil level
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Luminosity measurement

KLOE measures L with Bhabha scattering F. Ambrosino et al. (KLOE Coll.)
Eur.Phys.J.C47:589-596,2006

55°<0<125°

acollinearity < 9° /let —
p = 400 MeV

Nops — N bkg
Teff

generator used for O,

BABAYAGA (Pavia group):

C. M.C. Calame et al., NPB584 (2000) 459
' Now: C. M.C. Calame et al., NPB758 (2006) 22

newer version (BABAYAGARNLO) gives
0.7% decrease in cross section,
and better accuracy: 0.1%

Systematics on Luminosity

e Theory 0.1 %

o Experiment 0.3 %

Y
TOTAL 0.1 % th @ 0.3% exp = 0.3%
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Radiative corrections |
0.4 ¢ — wr\[u%

Radiator-Function H(s,s ) (ISR): 035 F. Radiator: ]
- ISR-Process calculated at NLO-level ok gj B - Iﬁiﬁijjiijjiﬁ'jﬁéiii"”"ﬁjﬁijEiniﬁ B — j -

(H.Czyz, A.Grzelinska, J.H.Kiihn, G.Rodrigo, EPJC27,2003) 0.1 : ...--4-“"' :
0.05 £ busmmmressresrs et S Mﬂ |Gev

Ld Ld . o E
Precision: 0.5 /° S* da (S )X (S S ) 9 0.1 02 03 04 05 06 07 08 09
d On/ | | 108 ¢ : , : ‘
Sn 1.07 ; Vac.;PoL- gorr: - i - :

Radiative Corrections: 105 £

) ) 104 Eoo
i) Bare Cross Section 103 fi

1.02 E esh

divide by Vacuum Polarisation §(s)=(cu(S)/c(0))? 1o |- st “
1 e o 3 : M{“t(,e\ 1
P TP EPEPPEPE EPEPEPE EPEPEPEP EPEPEPIP EPEPEPE BN i AP

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

=» from F. Jegerlehner 0.99

ii) FSR

Cross section o must be incl. for FSR ?é :% : at c°""‘ (SQED)
for use in the dispersion integral of a, :g -8 -t
Y y ;; e i Wi’ awirs waars e s Awares

FSR corrections have to be taken into account \e;EJ ¥ o

in the efficiency eval. (Acceptance, M, ) and in . @/ s, § S >5

the passage s, =M?  — (M° )?=s, / Syx TN L
o

(H.Czyz. A.Grzelinska, J.H.Kiihn, G.Rodrigo, EPJC33.2004)
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Event selection

Experimental challenge: background from

—ete” = uruTy 175 |

—efe- = efe" y |

—¢p— -l 150

1. kinematical cuts in trackmass M, 125 |
(defined by 4-momentum conservation under the

hypothesis of 2 tracks with equal mass and ay) 100 |

2
(‘/g_'Jplz_FMtZrk _\/PE +Mt2rk) -(p + P2)2 =0

2. angle Q between the photon and missing momentum

ﬁmiss = _(1_5+ + f)—) U

~
pmiss

3. To further clean the samples from radiative Bhabha
events, a particle ID estimator for each charged track VZE &
based on Calorimeter Information and Time-of-Flight 8202 .;3”“ 0.5 0.6 07 08,09,
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N—mntTy: contributions

Anomalies in QCD Wess-Zumino-Witten Lagrangian
J. Wess, B.Zumino, Phys Lerr. B37 (1971} 85
E. Witten, Nucl. Phys. B223 (1983) <22
Lz = L iy + L 447 +

triangle anomaly box anomaly

» Resonant contribution:
1. p production with its subsequent decay to a pion pair (VDM)
2. existence of a small non-VDM contribution

» Anomalous contribution:

box anomaly (similar to the classical triangle anomaly), responsible for n/m’' —m*my
decays predicted by PCAC and by the Wess-Zumino-Witten chiral lagrangian

S. Giovannella - 39th LNF SC - 26 October 2009 41



