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The KLOE detector
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Lead/scintillating fiber 4 m diameter x 3.3 m length
4880 PMTs 90% helium, 10% isobutane
98% coverage of solid \|| 12582/52140 sense/total wires
angle ////@\\\\u//////@\\wﬁ ‘ All-stereo geometry
o.£057% NEGe |

Gp@ L1004 % (tracks w ith © > 45°)
o, O54ps A/EGeVv)0 50 ps

(relative tin e between clusters)

or* 1150 ym &y),2mm (z)

0, ~2cm (w fom K, - TTCTP) 0,7 °"* ~1mm
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We check the unitarity of the
CKM matrix required by the
Standard Model. The lack of
unitarity is a hint of new physics

The most precise test comes from the 1°* row:
IV 2V 2V P~V 2V 2=1-A

V , from super-allowed nuclear  decays

— V _ from kaon decays

V, from B meson decays |V |~ O(107)
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V from kaons decays

- From semileptonic decays Form factor Rad.at.ve and SU(2 )corr
P : y ?T?ﬂ
(K — nwlv(y)) = Cﬁ |hb\ eu +05L + Oem
- 76873
BR(K—zlv) / T,

Phase space (A,,A,)

- From charged kaon leptonic decay
(Marciano, Phys.Rev.Lett.93:231803,2004) — Lattice QCD

[(K-upv(y)
I'(m—puv(y))

KLOE can measure all experimental inputs for
charged and neutral kaons:
branching ratios, lifetimes and form factors
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Kaon pair production

The @ decays at rest producing a kaon pair: K K, or K*K:

The detection of a K guarantees the presence of the charge
coniugated K with known momentum 0 Tag mechanism

Normalization to the number of tags allows a
precise measurement of absolute BRs

P K=
ogle"e »¢p)~3ub P, ,=127MeV/c
BR(¢p—-K" K )~49% A(K")=95cm
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Tagging @ KLOE

K* events tagged using two body decays (about 85%):
Kt - prv, mm=1.5x 10°% KtK ev/pb!

102 Ev/0.5MeV

e data
3000

) TE H
K \ | 2000 \
: i ﬁ‘. !

| . F ¥ & K {.
o % L | 1000 { |

I H P* [MeV]
iy 8 ]
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Measurement of

the absolute branching ratio

K" =y viy)

Published on Phys.Lett.B 632:76-80,2006

SabioM eolh  K*m easurem ents @ KLOE IFAE 07 N gooli-11-13 Aprike 2007 9



Overview K —u v(y)

Normalization sample N_, . given by

TAG
K —u v (Data sample 175 pb?)

» Signal events obtained from the p* distribution
(p*: momentum of secondary track in kaon c.m.,
pion mass assumed)

» Background subtraction

s Efficiency related to DC reconstruction only

(tracking plus vertexing), evaluated directly on data
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. + + .t%é
Signal K —-u v(y) s
* Signal given by K* decays in the FV (40 cm < P < 150 cm)

of the Drift Chamber, using ~60 pb-!
* Background is mainly due to events

: - ; = - MC includes :
with a T in the final state: S s radiative Entries 2176449
g E process
K+ 0 + -
ST U VY, |
BR — NKIJV(Y) . 1 102E
N €pc :
| I T IR | F)* [I\qea\/]

180 180 200 220 240 280 280 300
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PLB 632(2006) 76 ReSIﬂt

Ev/MeV /c

e Fit of the momentum distribution : - data

of the charged secondary, p*

e 8 x 10° events

e Total accuracy 0.27%

p* (.MEV/C.)-
200 220 240 260 280

BR(K* — pu*v (y)) = 0.6366 £ 0.009 £ 0.015

SabmnoM eoh
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Measurement of
the K= semileptonic decays

absolute branching ratios

+ 0 + + 0 =+
K -mev, & K —-muv,
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K* semileptonic decays

» 4 independent normalization samples (K* - p*v , K* - e 10)

help us to keep under control systematic effects
due to the tag selection (Data sample 410 pb)

» Kinematical cuts to reject non semileptonic decays

s Fit of the charged secondary square mass spectrum m2|ep

t

s Efficiency evaluated from MC and corrected for Data/MC ratio
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K=, signal selection

» Two tracks vertex in the FV:
40cm < p <150 cm

» Track of charged secondary g
extrapolated to EMC itk
* Two body decays cut:

p*(m_ ) < 195 MeV/c

» T® reconstruction:

2 neutral clusters in EMC
with TOF matching the decay
kaon decay vertex o 2

» Mass of charged secondary
from TOF measurement m?ept = p?ept.

(t,—L,/c)+(t,—L,/c)

2
C ( t decay)z_ 1

12 o

lept T
lept
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K*, background (i)

The kinematical cuts reject = 96% of the background

events
The efficiency on the signal is = 50% for both K;and K,
‘“; 104 | Enti 199887 'KTlTlOTlO
s | KrTre
:g 10} | / K nucl.int.
0 ‘n,, The residual background
: Ay is = 1.5% of the selected
Bk ﬁ K*; sample.
10 £ [lyf .
' 'Jll | It has m 2 = m,2

|

M\ I ‘
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K* semileptonic decays

20,000 |-
of Ke3, Ku3 shapes, and bck contributions.

Average of the four data samples. _
10,000 -

* Fractional accuracy:

. : : : : [ Counts
2
FIt m?_, spectrum with linear combination aMev? i K

A Data

1.8% for K,; ; 2.4% forK,;

 Systematic error studies to be completed

10,000

p(K_ ;K ) = 0.42

BR(Kie3) = 5'047(19)5tat(39)corr-stat(81)Sy5t
BR(K:,) = 3.310(16),,,(45)_,,,.....(65),,.,.%

e Systematic dominated by uncertainty on tracking

efficiency correction

0

10 000 20 OOO _30 000
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Measurement of

the charged kaon lifetime
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K= lifetime

PDG
average
12.385(25) ns
§=21 Discrepancy between
Poor consistency in-flight and at-rest

Needs confirmation measurements

: Discrepancy among
X different stoppers in

- - - KOPTEV 95 CNTR 49 =

-\ -+ - - KOPTEV s cnTR 02 <  gf-rest measurements

------- oTT 71 CNTR 01 ®
— LOBKOWICZ 69 CNTR 9.8
-+ - FITCH 658 CNTR 24 @ —

173 Confirmation is important

(Confidence Level = 0.002)

| | for Vusdetermination.

1.21 1.22 1.23 1.24 1.25 1.26 1.27

t,.. = (12.385% 0.025) ns
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K= lifetime

Given the tag, look for the decay vertex of the second kaon

* Method #1.: fit t* distribution from decay length
Measure the charged K decay length taking into account
the energy loss: 1 =X AL/B.v.C

* Method #2: Directly measure decay time (in progress)
Use all the charged K decays with a #° in the final state
to reconstruct decay time from n° clusters time

Two methods allow us cross check of systematics
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K= lifetime: method #1

° K* 5 v tag
» K decay vertex in the fiducial volume (using DC only)
» Signal K track extrapolated backwards to the IP

» dE/dx taken into account O 2mm step

T =) AT,= Zﬂ

» Efficiency evaluated directly on data
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Proper time fit

KLOE preliminary

The proper time distribution,

105

corrected with the efficiency,

IS fitted with a convolution of

104_—

an exponential function and a

103_—

resolution function.

o 7w Fjit between 16 and 30 ns
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K= lifetime: method #2

° K* ., p*v tag
* K* - 10 X decay(looking for neutral clusters in the EC)
» K* neutral decay vertex(m®) in the fiducial volume

s Efficiency evaluated directly on data

Lnj}
10 ? rnﬂhuhhh‘“‘hn““ T

1% T

{1-p2

LT
Y

0% i

“ﬁi | Two methods allow cross
i check of systematics

1a b ik

SabioM eolh K*m easurem ents @ KLOE IFAE 07 N gooli-11-13 Aprike 2007 23



V, . from KLOE results
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V. from KLOE results

7]

g

<V XE OPrrop av.= 02158200006 (- 03% )

cfr

K,e3 | K, p3 K, e3 K :e3 K tu3 Slog)es KLOE final
0256(18)
BR | 0.4008(15) | 0.2699(15) | 7.046(91)x10* | 0.05047(92) | 0.03310(80)
"' =0.0014(8)
T 50.84(23) ns 89.58(6) ps 12.367(78) ns )\ = 0.0156(26)
KLOE prelim.
0.21 0.215_ & 696 — From unitarity ——
I 1 I @I ] ~
S 3 K o3 & % 2156(7) f,(0)=0.961(8)
N Q Leutwyler and Roos Z.
2 " K u3 T 0.2163(10) [Phys. C25, 91, 1984]
'Q'g gﬁ, Ks e3 —e— 0.2154(14) -V =0.97377(27)
= <\|:|§ K e3 . 0.2168(22) Marciano and Sirlin
2 :T n gPha/s Rev.Lett.96
3 K" u3 . 0.2151(30) 02,2006]
S ‘;B V,xf.(0) =0.2187(21)
S K,; PDG *04
o ﬁn A 0.2114(18) | K, [G(1)/Gg(e)]? =1.0065(98)
[ < :_*éo,)él_v"dz]m = 0.2187(21) cfr with PDGO04 1.047(14)
T I b Kt [Ge(1)/Ge(e)]?=0.9843(251)

with PDGO04 1.004(16)
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V-V, plane
FEK—->pv ) [Vl* T

oC
F@-uv ) |V l°f,
f/f = 1.208(2)(*7,,,) from lattice MILC Coll. PoS LAT2006

IV./V | can be extracted from the ratio:

0.23

V. /V,,=0.2286(**.) v,

Fitting with V ,, V . + unitarity constraint

v

V = 0.2246(20) ||V, = 0.2262(9)

V. = 0.97377(27)||V,, = 0.97407(22)
v?/dof = 0.35/1 v2/dof = 3.74/2 |
P(x?) = 0.56 P(x?) = 0.15 oy

0.225 [

0.9
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K* at KLOE - summary ‘;&Lﬁf
Absolute BR(K* - p*v(y)) with 0.27% accuracy
Phys.Lett.B 632:76-80,2006
Independent determination of V__at 1% level

K= - 1l*v, absolute BR and lifetime: preliminary results

Together with the results on neutral kaons gives a significant
contribution to the determination of Vusx f7(0) 0.2% level

BR(K* - 1¢1°) in progress
Using 2 fb! collected KLOE will measure:
K= - ml*v, form factors, BR(K* - m'rl*v))

BR(K - ev)/BR( K - pv) to test e-u universality

About 6 x 10* Ke2 events produced with 2.5fb!
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Spare slides

SabioM eolh  K*m easurem ents @ KLOE IFAE 07 N gooli-11-13 Aprike 2007 28



DADNE

Double Annular ring

M,
S s———

\\'\“
-,
e

LINAC

D for N|ce Experlments L (—

alq 550 MeV e+

y. <
~ az’(; ACCUMULATOR
“. 510 MeV
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DADNE

electron-positron collider
Vs =m, = 1.019 GeV o(¢p) = 3 ub
2 rings to minimize beam-beam interactions

12.5 mrad crossing angle
2 interaction regions (KLOE - DEAR/FINUDA)

KLOE Integrated Luminosity
2000 ! ! I ! ! !

L) * :
Sl K o 2000
& #, L ] E

¥ DAONE

o}

_325m T L 1000

500

0 50 100 150 200 250 300 350 400

Days of run
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\

The DAQNE e‘e collider @

. «Collisions at c.m. energy around the
¥ mass:

Vs ~ 1019.4 MeV
«Angle between the beams at crossing:
a..012.5 mrad

Ccrs

-Residual laboratory momentum of ¢
P, ~ 13 MeV/c

«Cross section for ¢ production @
peak:

e
N
¢

o,~ 3.1 b
Grand total 8o} L 2004
(200 1/5): 160 H/pb/month 724
jL = 2.5 fb1, | 2002
L jeak=1- 3x1032 cm- 100 2107021 320
feésults presented

in this talk from

450 pb-ln 13 5 7 9 11 13 15 17 19 21 5_3? 39 41 43 45 47 49 51 53 55 57 59
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K LOng Experiment

T

Spherical beam pipe

10 cm &, 0.5 mm thick in Be-Al alloy
to minimize regeneration,

scattering and y conversion

Large volume drift chamber
4 cm B, L=3.4 m, carbon-fiber frame,
low density gas (90% He - 10% C,H. ),

4" '10
12582 all stereo squared cells,
tungsten and aluminium wires (52140)

~4n calorimeter, 4880 cells
15X, thick, 0.5 mm lead

1mm4g scintillating fibers

Superconducting coil B =052 T

Remind: A, = 3.5m

SabmnoM ek

K*m easurem ents @ KLOE
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o

N \\
<

T

o, = 150 pm
c, =2 mm

o /p~4Xx 103
c ~ 3 mm

vertex

o(m_) ~ 1 MeV
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71

c, = 57 ps / V(E[GeV]) @ 100 ps
o, = 0.057 / V(E[GeV])

= 1.3 cm / V(E[GeV])
C,re, (YY) = 1.5 M (K — w'n?)

e > 95% for E > 20 MeV ) 6 m
n/e PID based on TOF

o

shower
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The KLOE experiment

' \\M‘?‘N//i eam pipe (spherical, 10 cm 0O,

-
C.|COIL

mm thick) + instrumented permanent

Cryostal

-

net quadrupoles (32 PMT's)
ift chamber (4 m O x 3.75 m, CF frame)
: s mixture: 90% He + 10% iso-C,H,,

<+~ 12582 stereo sense wires

— . '‘dlmost squared cells

alorimeter

\ead/scintillating fibers (1 mm 0), 15 X,
24880 PMT's

1198% solid angle coverage

. | Superconducting coil (B = 0.52 T)

Gy

(i 11



Tracking in the DC

drift chamber resolution o, ~ 150 um K.— "1 events

i £ voo0 | ol
Bhabha scattering events 3 Mean  0.7008E-02

Sigma ¢.8075
Const 254.5

6y = 1 MeV

'G' 1o§ Gp / p ~ 03% 4000
~ °r
2 45° <9 < 135° 2000
z . 0—15IIII—|10IJLL—5 IIDII 5IIII1|0IIII
N - AM(K;) [MeV]
b - K= nrnn’ events W i
) 3 f | w
T h
: M(n°) = 135.3+0.1 MeV H‘],Jﬂ W‘*W
¢ 0 - I2|GI I I4—|ClI I Iﬁlﬂl I I8|OI I I1&0I I I12|0I I I1t|1-0I I I1|6f}I I I’180 1 \H}
) W’m H,
Polar angle [degrees] it ﬁ L

Missing Mass (MeV)

M(n°) [MeV]

15
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Measuring photons

Energy resolution

¢ — mwn® E from tracking

non-linearity ~1%

E g A T
F +
E =

n
&
S
||||<%\|\\|

-_0.1E\||\|\||||||\|\|\||||||\|

50 100 150 200 250 EDC[ M eV]

c(E) 5.7%

E VE[GeV]

e™ Time resolution

TP —=NT =YY
300 © D= MY Vg
A e'e —etey

c, = 57 ps/ V(E[GeV]) & 100 ps

|
so 100 1so 200 230 3M0 aso aoc EY[ MEV]

vy Mass resolution
|
M(n°) = 134.5 MeV
~ 14 MeV
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102 Ev/0.5MeV

Tag mechanism (1)

K* events tagged using two body
decays (about 85%): 2000

K 5 prv, mm=1.5x 10° K*K- ev/pbt

3000 ° data

100(:) {

P* (MeV)

. 180 200 220 240

K oy Two-body decays identified
) as peaks in the momentum

spectrum of secondary

Vs K tracks in the kaon rest
el frame P*(m.)
~ 5 -1
« ¥ €Erag =30% > 3°4X19§ “VotaQS/pb B
<10 W <D om <40 <ED W <B0 W <100 = <120 W <0 @ <160 W = ]_,]_X]_O TCTT tag'S/pb
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Tag mechanism (1)

To minimize the impact of the trigger efficiency on the signal
side we restrict our normalization sample N;,; to 2-body decays

which provide themselves the Emc trigger of the event:
self-triggering tags
Emc trigger: 2 trigger sectors over threshold ~50 MeV

The pu fires two sectors:
€ ~ 35%

Trigger

The photons from the 1° fire two sectors
€ ~ 75%

Trigger
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Tag bias

Measuring the BRs we must
take into account a correction
due to the bias on the signal
sample induced by the tag

selection Tag bias

The correction C,; is evaluated

from MC and is given by:

Branching ratio

o
[+

=
L

4.5

0.4

Q.3

0.z

2.1

Kt T

KT —> atn”

Tag K~ - g v

K* decay made

C.s = BR,(with tag) / BR,.(without tag)
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Tr'.‘.;'-

II ::'-J """‘l\'f'\,
i
5%&/'3

K'-I- N + ( )
vy
* Signal given by K* decay in the DC FV (40 cm < P < 150 cm)
Using ~60 pb-!
* Background given by events with T in the final state:

> .
K+—>'IT+'ITO K+_>7T06+V 2 - MC includes Entries 2176449
e o 103 radiative
- = - process
+ + g B
K -muv, 5
5 -
BR = NKuv(y) 1 , 1

103:

N e €pe Cop

Tag bias estimated from MC:
C.,=1.0164 +/- 0.0002

o P* [MeV]

180 180 200 220 240 280 280 300
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&, evaluation

e Efficiency has been evaluated with an
uncorrelated sample selected using
only calorimeter information
(Data sample of ~115 pb?)

* Double Kuv events have a typical signature in the EMC

l.e. 2 isolated clusters with energy in the range
80 < E_, < 320 MeV

e Acceptance for radiative photons
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Result

BR = 0.6366+0.0009,, . +0.0015

Syst.
summary table of systematic and statistical uncertainties
mource of syst. uncert. WValue mource of stat. uneert. Value
A Low Energy Cut B o= 10— First estimate 6o 10—
S High Energy mdictive T o= 10— Data efficiency 4 = 10—
Sfigh Energy Cut 2w 1 MO efficiency 4 = 10~
D dreind Voelrarrae B o= 10— Trne MO efhiciency 3 = 10—
o T W— 3 = 104 Tag bias 1= 10—
S 3 = 10— Total stat. uncert. 0o 10—
Mg 1 = 10—
SN Lifetime < 10~° Total number of events:
O el e iraferoetions < 4 = 10 8652 83
8 Er LFOY = 3 = 10
I fidfer 10—
B et 9 x 10~ Total accuracy: 0.27%
Total syst. unecert. 15 = 11
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i L0
K >

» Normalization N_, . given by 175 pb* from 2002's data
selftriggering K —-u v
» Counting events in the distribution of secondary track

momentum in the kaon rest frame p*

* Fit together signal and backgrounds Km2 and 3-bodies

s Efficiency related to DC reconstruction only

(tracking plus vertexing), evaluated on data
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K=, background (i)

K - ¢ 1P wWith a ™® undergoing a Dalitz decay, or with a
wrong cluster associated to ¢, give a m? under the Ke3 peak

[0 cut requiring

|E | <90 MeV

mISS mISS

Events/(14 MeV?)

K* - 1eT® with early 1 - p*v,
give m2 under the Ku3 peak
[1 rejected using the
missing momentum of the

secondary track in the pion
rest frame (P*_,. < 90 MeV)

10‘“

103

10

| Entries 453276
Ku3
KTt
f \ K nucl.int.
- KmeTe ‘
lr[: o | -._J
\ P'I
i AR
"||\| h | I ‘ W{M JM | M
- EA nul W11
-10000 10000 20009 3QDGD
m~ (MeV")

SabmnoM eoh
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BR(ke3)%

BR(ku3)%

Ki3 prellmmary results

> . Averages accounting for correlations:
§9 b b —_ _____________________________________________________ 1o BR(Ke3) 5.047 + 0.046
51 1 * BR(KIJ3) 3.310 + 0.040
T ® ® 1
5 L
? - x?/dof for the 4 measurements:
T e T Ke3: X’ldof =3.20/13 — P(x*)~36%
. Ku3: X*dof =5.32/3 - P(x*)~15%

Tag K*pu Tag K*m2 ag Kp2 Tag K2

5.0 - The error accounts for the data and Monte Carlo
statistics used in the fit, the MC statistics for the

Y0 7 MR R R R S efficiency evaluation, the Data/MC efficiency

24 ! corrections, and the systematics on the tag selection.
| . o It is dominated by the error on Data/MC efficiency

33 | £ correction.
. I -

S T T e . Still to be evaluated the systematics due to the

.y signal selection efficiency, to the nuclear interaction,

Tag K*u Tag an agku2 Tagkmz  and to the momentum dependency of the tracking
efficiency
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Vertex reconstruction efficiency ‘E,

The K track on the tagging side is
extrapolated backwards to the
signal hemisphere

Step along the extrapolated kaon
looking for the best neutral vertex

Using the arrival time of theVy's
FV=40cm =P =150 cm
from the T decay

. _ DC vix (K- X) At° vix (K- Xn’) e FV
i vix n’ vix (K- Xn®) € FV
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Systematics estimate

Source of systematic |Systematic
uncertainties uncertainties (ps)
Fit range + 60

Time binning + 20
Efficiency correction + 10

Beam Pipe thickness + 10

DC wall thickness + 15

Systematic uncertainties of the order of 65 ps
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V, . from semileptonic decays
T(K;)=50.84%+0.23 ns
(V. X £,(0))gr.og=0.2160=0.0005
y?/dof=1.9/4

Vusxf+(0) Vus(gﬁl)

0.218 0.227

0.216 _+_l_l_ 0.225
i + +f
0.214  Bre3 KLﬂg Koz K3 K u}

0.223

from V, , and unitarity: V, X f, (0)=0.2187+0.0022
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VvV, and semileptonic decays -

;Qmﬁ

K — wlv(y)

i 768;1
BR(K—=xlv) / 7, / .
Clebsh-Gordan isospin factor FntZZ$aﬁpace
C. = 1 (1/v2) for K° (K*)

Short-distance ew correction
=~ 1+ (20/%) In (M,/ M,)

Cﬁ ﬂ” )| Iﬁ [ +OSL{)+r5E??1]

fkr(t): K -  form factor

t=(pc-P:)?
Experimental inputs: Theoretical inputs:
e branching ratios e form factors at t=0
e K lifetime * phase-space integral
e K mass * SU(2), em, ew corrections

* form factor (t dependence)
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