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Outline

- DA®NE and KLOE experiment

- study of the K lifetime

- K, lifetime: preliminary update with new data

- study of the BR(K* — "1t 7")



The DAD®NE e'e collider
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- Collisions at cm energy
around Vs ~1019.4 MeV (m ¢)

- Angle between the
beams @ IP: ¢ ~7-2*12.5 mrad

- Residual laboratory momentum
of ¢: p,~13 MeV

- Cross section for ¢
production @ peak: ¢ 0 3.1ub
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Summary of KLOE data taking

J'f;dt

pb™"  2005: 1256 pb-?

2004: 734 pb1!
2002: 320 pb!
2001: 172 pb!
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Integrated luminosity L = 2.5 fb-!
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Kaon Physics at the ¢ resonance

the ¢ decay at rest provides monochromatic and pure kaon beams

they are produced in a pure JF€ = 1-- state

o(ete- —> ¢)=3ub Kg, Kt &=——¢ — K_. K-

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

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

= allows precision measurements of absolute BRs

KK- KLKE

BR = 499 BR=34% ; p.,= 110 MeV/c

D = 127 MeV/c A¢= 0.6 cm K. decays near interaction point
A, =95 cm A; = 340 cm Large detector to keep

reasonable acceptance for K decays (*0.5X;) ¢



The KLOE experiment

Be beam pipe (0.5 mm thick),
r =10 cm (K, fiducial volume)
Instrumented permanent magnet

quadrupoles (32 PMT's)

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

Y% ﬁv@/

| COIL

Electromagnetic calorimeter

_ : - | Lead/scintillating fibers
D | ] 4880 PMT's, cover 98% of the
% : \\\\ solid angle

A

6 m




KLOE detector performance

GE/E = 5.7%: /EE(GEV) GF/P = 04 % (tracks with 6 > 45°)
6, =57 ps /NE(GeV)®140 ps o it = 150 um (xy), 2 mm (2)

vertex .
- G, 3 mm
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~ 2 CM (x° from K_ — mtrn)



Reconstruction of K, — w7~

K, -7~ decay selection:

- 2 tracks of opposite sign
- Invariant mass consistent
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€ ~70% (mainly geometrical)
K, angular resolution ~ 1°

KS momentum resolution of 1 MeV

from track momenta p_=p_+p?



K ; momentum determination

At a ¢-factory, we have a redundant p, . measurement

For each event we measure:

. . D

1) p,, from Vs and from kinematics | ) M?)tr?tecarlo
of ¢ = KK two-body decay :
resolution ~ 1 MeV 4 F RN
dominated by beam energy _
spread 31

2) p, from pion momenta 2 | 'rgziizlﬂztst;”
measurements in the drift
chamber ¢ ~ 1 MeV

Requiring consistency between
momentum measurements guarantees dp=pk_2p-pk_boost MeV
good track quality



Average ¢ decay point determined

¢ decay point

with Bhabha events on a

run by run basis.

Resolution = beam

25000

Spot S1z&000

(0, ~1mm, GyzO(lO Lm),

G ~15cm)

15000

A better determination of %%
decay point along the beam
line (z) is evaluated event by®"

event by using the

closest approach of K_line of * .

flight to the beam

point of

axis line

N4

X/ ndf 1975 / 7
Constant 20217,
Mean = J9832E-02 |
Sigma 4 0.20044
2
10




K lifetime



Measurement of the K lifetime

Motivation:

- first measurement with pure K, beam and with an event-by-event

knowledge of K, momentum

- KLOE 1is well suited to perform T, measurement as a function of sidereal

time which 1s interesting to test QM, CPT and Lorentz invariance
-V from K with KLOE data

(we measured BR(K e3) at 1.3%, we can reach 0.5% on the whole
data set)

Method:
lifetime obtained from fit to proper time t* distribution of
K, — " 7 decay L LM ©

[= p—
Pyc pc
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Raw Time resolution

o L _LMK
byc pc

This first attempt produces
a resolution function not
centered around zero

— not appropriate
for a < 0.1% measurement!

So see next transparency...
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- | X/ndf 2339 /7 29

L | P1 30629+ 62.47
L | P2 0.72698 + 0.1060E-01
[ | P3 2632.6 + 63.93
| P4 0.23898 + 0.5344B-02
[ | P5 - 46208E-01 + 0.2001E-02
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Improvement of K decay length resolution

1) Further improve reconstruction of IP event-by-event using full
geometrical fit

v/ ndf 2326 [/ 23
111 1 1 1 Pl 2036,
2) Optlr.n%ze thf: selection criteria, i o Y
requiring pions to decay at large | P3 L4
angle with respect to the K line : P4 Co37ass
. P5 [| -35195E-03
of flight

3) Use only well measured tracks:
cut on the ¥* value from the track fit |

20 million events selected in 600 pb!

Path length resolution .
improved by factor of 3 :




Fit to the lifetime

Since resolution depends on K beam direction, fit 1s done for
each of 270 bins in cosO  and ¢,.

This is also necessary to measure T  as a function of sidereal coordinates

Fit results by bin t,/1 "¢

E o +1 11
10 i entries .
10°F 05
10 2 _ CDM 1.025
10 — 8 1

. o 0.975

1 E Fit range 1

i 0.95

10 _1 i l l l ] ] l | ] l l | ] l ] | ] l ] | ] ] ]
y 5 0 ) 4 ) IQDG Q 0.925
t/T -1
S —T 0 +7
Fit range: from -2 to 7 t'/7, ¢|<

Fit function: exponential convoluted with two gaussians

(5 parameters: lifetime, 2 normalizations, 2 widths) 15



Systematics

Source Value (t/t x 10%)
Selection cuts 3.3
cosO_ cut 5.7

Momentum calibration 0.4
Fit range 5.0

We expect a total error competitive with the precise

measurements from KTeV and NA48




K, lifetime
with K, — n°n°n’

decay channel



K, lifetime measurement

direct measurement: (dt/t~0.6%) T, =(50.92£0.17 £ 0.25) ns
uses 10 M K, — 1°1°n° events from 2001-2002 data -~ PEB 02000

indirect measurement: T =(50.72+£0.11 £0.35) ns
uses constraint ) BR(K, )=1 PLB 632 (2006) 43

The error on T, is now the main limiting factor on V__ accuracy
from K, decay rates:

. G*my, . o e . i
BRA=['(K — wlv(y)) = 768’;;: O Vsl ‘ff ") I};’ Sew [l +0su(2) + Of’“’l}

T _direct measurement can be improved both 1n statistical and systematic
accuracy using the 2004-05 data sample

o(Vus f+(0))/(Vus +(0)) = 0.1% © 0.2% @ 0.1% @ 0.1% ppaqeq
BR t,  Radiative

space

integral
18

corrections




K, — 7n°7n°%’ decay vertex

Reconstruction of KS—> T
determines KL momentum
within 1 MeV and 1 degree

:"‘_" ==

AT THH T

Vertex reconstruction from the
neutral clusters on the calorimeter

L*+Ly—2LLccosO=L,

Can extract L , LY P



Neutral vertex recostruction efficiency

. ~ 102

Multiphoton vertex N
. N

evaluated from vertices > 101 L
given by the neutral 2
O

clusters on the EmC é:) 100

To reconstruct the K vertex, o -

we require at least 3 photons Z

from the °n’n’ decay 08 [

Reconstruction efficiency 97 _

for K, — on°n® with Ny >3

1s high and uniform over a Y 3 P U T T PO TN TUUIN FURT T
: : 0 25 50 75 100 125 150 175 200
broad interval in L

1 (cm)




Only retain N=3
for the analysis

Photon multiplicities

Photon multiplicity
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Neutral vertex calibration

Use of a control sample of K — w7’

all
"‘*ﬂ
|

decays allows comparison between the
vertex given by the reconstructed pion tracks

and the neutral vertex, which 1s fundamental to:

1) calibrate the time scale K K,
2) study the neutral vertex resolution ‘&

g [ Co 0.1184E+05 & 2201

o B Me 0.2887E-01 +  0.3522E-02 K S
32000 Sig 1930+  0.4327E-02

5 i

A R — Rcha o Rneu

Spatial resolution ~ 2 cm

- 2

L charged - L neutral m



Single Yy reconstruction efficiency

Use of the control sample K, — 7w n’allow to measure the vertex

reconstruction efficiency from the single photon
N > Number of events in which a second photon is detected

s = y rec where we expect to find from kinematics
y N > Number of events in which at least one photon is detected
y lag
e B i EmC barrel e B EmC barrel
Y 1 = : ' . YOl T ae——— A
0.75 ’H ----------- R e
0.5 | e 0.5 [
.25 N +Data i T 925 T L Data i i
- +Montecarlo . Rt{lcm) - +Montecarlo | E (MeV)
D_""l""l""l"""" D_||||||||||||.Y .....
O 50 100 150 200 250 O 50 100 150 20

We correct the MC efficiency with the ratio € data/SMC 1




Fit result

(t*) N~e_m+ fbckB <t>

v2/dof = 50/54 | In the fit region:
S Fit range: 8-26 ns | data events: 46 millions

5000 - background after cuts: 1.81%

10" Eit performed with f (£)=¢€
6000 |-

sel

: \ 1.1pb"!
4000 i 00 ¢

I — a0 | Residuals
3000 |- 3000

5 _ 10005— H’ H H | H H
2000 |- of AR A J

I : 1000 w |WH“W |H| H

i K, — TE:IE‘TEO 2000 |-
1000 |- A |

K [ Ky — 77’ regen . . ]
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Fit result

(t*) Noe_m"' S v B (t>

B x*/dof = 50/54
- Fit range: 8-26 ns

10" Eit performed with f (£)=¢€
6000 -

sel

Fit result:

5000 |7
: ., T, =(50.56 £ 0.14) ns
1000 - \
: oy Statistical error can be
0T improved by decreasing the
! lower limit of the fit region
20007 (taking into account of the
I K, beam losses on the
1000 |- .
! regenerating surfaces)
0 5 10 15 20 25 30 35 40 25

Proper time (ns)



Systematics

Source At/t At
Tag efficiency 0.34% 0.17 ns
Preselection efficiency 0.16% 0.08 ns
Selection efficiency negligible negligible
Time scale 0.12% 0.06 ns
Nuclearinteraction 0.16% 0.08 ns
Total 0.21 ns

T, =(50.56 £ 0.14__ +0.21

. yS,t) ns

26




K, lifetimes

Comparison with previous KLOE measurements:

=(50.92+£0.17  +0.13 + 0.27

syst uncorr ’ syst COI'I')

KLOE

NS PLB 626 (2005)

A=1.40, taking into account the correlation between syst. errors

— KLOE
T, =(5072£0.11,£035 ons > BR=) [P e

A=0.4c

For final result:
1) add 2004 data set 6, — 0.11 ns

2) reduce systematic error on the tagging efficiency 27



Absolute K* > W Rt 1t~
branching ratio



Tagging K*K beams

K* beam tagged from two-body decays identified as peaks in
the momentum spectrum of secondary

Kt — n*n0, u*v (85% of K* decays) tracks in the kaon rest frame = P*(m )
= 1.5 x 10°K'K- evts/pb! €., = 25% = = 3.4 x 10° uv tags/pb-!

= 1.1 x 105 = tags/pb-!
10% Ev/0.5MeV

¢ Data
3000 — fit:

o

1000}

Kinem. ID

180 200 220 240 p* !(MEV)

29



Absolute BR( K*— w7 (y) )

e this measurement
completes the KLOE
program of precise and
fully inclusive

K¢ dominant BR's

e needed to perform a global fit to K BR's

e available measurement dates back to '72 (no information on radiation cut-off)

CHIANG (330 0v BRKST TR = (5,56 £0.20)% ABR/BR = 3,6x102
2002 KLOE data set enough to reach

statistical relative error at few permil level

30



Signal selection

% 2 indipendent normalization samples given by the uv and nn® tags
= the track of the tagging K is backward extrapolated to the IP

4 the known kinematic of ¢ — K*K- defines the signal K path (direction
and momentum)

4 we require two reconstructed tracks / AN
making a vertex along the K path before / N
the inner wall of the DC ( 0y~ 26 %) T
: K, ,,_h_h__,--"’-”hiﬂ!lpnfh I
< we count the signal decays in the missing | wx _~ -
mass specrrum S~ \;a_ -
\ | /
Hh“‘w\. .-';.l;

31



The selected sample

. data | tag uv
- MC :

- ~ 60000 K* =» 37 events
- ot (background subtracted)

0 S000 100001500020000250003000035000400004500050000
missing mass? (Mev2)

10 — data tag nw’
. B MC
- . ~ 25000 K* - 3n events
Wr—— h__:—'——‘—_,_ (background subtracted)
- —
10 £ =
l_E-.Jl. S R | I i ll.ul.‘?_l_l‘.l.l

0 3000 100001500020000 2500030000 350004000045000 50000
missing mass? (Mev?)
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Signal selection efficiency

signal selection efficiency measured on MC and folded with ": single trk Eﬁfj
single trk

K — z %% control sample to measure &, ;4

— control sample selection

% K path from the tagged K track and ¢ kinematic
W reconstruct neutral vertex K —n°1® X decays looking for 4 y's with
time measurements

prt = K" - pnO - pn°
P P P P ; LR 14 MeV the purity of the

;- ‘1 sample is = 99%

-150 Z0 "j'pn: (MEU)

=§§§§§§§
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Conclusions

KLOE will soon have a competitive result on the measurement of T,

taking advantage of pure sample of K, — "7 and precise determination

of event kinematics

KLOE has a new preliminary measurement of T, based on 2005 data.

The final measurement will include 2004 data and will have a
significantly reduced systematic error

We are finalizing the measurement of the absolute BR(K* — ' 1t*);
this will allow to constrain the sum of the dominant K* decay modes

34
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Tagging of K K, beams

- K, tagged — Ks tagged o
by Ks —» n*n vertex at IP by K, interaction in EmC
ST T T T
. i—'_---'-‘_‘. _'—j:h-h‘ '{.-c:i——_ mn‘f‘*

s o
L ] oI
A LL
.t L .
y I I | 1 I J : -—
b i ¥ | :

! LY ;Eﬂr ".: | . 17(

|1 l: | | - . | |

.-'lr K K L | =
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T L
g ~ 710% (mainly geometrical) e ~ 30% (largely geometrical)
K, angular resolution: ~ 1° K< angular resolution: ~ 1° (0.3° in ¢)

K, momentum resolution: ~ 1 MeV || | Ks momentum resolution: ~ 1 MeV




Tagging of K'K- beams (IT) ﬁi&%

to minimize the impact of the trigger efficiency on the signal side we restrict
our normalization sample N, , to 2-body decays that provide themselves the Emc

trigger of the event self-triggering tags

Emc trigger given by 2 trigger sectors over threshold O 50 MeV

fagu v
tagm 1 © the p cluster fires 2
. ’rr'l er' sec’rors

Bttt

the Emc Trigger‘

......

...........
ﬁﬁﬁﬁﬁ

ﬁﬁﬁﬁﬁﬁﬁﬁ
o

B
e,
o,
o e e T
o o e
- £
- a g
PR
e,
v P
e,
et
afey e,
W -
.
-

Tag

reduced by [ 75°/o
the sample N 2

Tag

reduced by [ 35°/o



resolutions: neutral VTX vs DC reconstructed quantities

= data f, 060,.%10
g:MC b

0:.J.J..Ll.L._hﬂ-q**?”...l...l*““*-m_._ﬁ_...
-100 -80 -60 -40 -20 0 20 40 60 8(1 10(1

bin p, = 30 MeV e i =5 em

400 F
350 F data Hff{ﬁ
300 | ﬁ

250 ©
200 :
150 ¢
100 £
50
0 E

10 29 Pr %14 Msy ) aﬁ*t& i 2_ da?ﬂ :
- L “Tme
10 — | Hﬂﬂﬁ w r ol Jr #hﬁ ﬁﬁ%ﬁ’r W% i H
l_mi_inm_l‘ j_:m' ST JHW IH} 1 W .*.H. ST Wﬂm
A D (MeV) 20 15 -0 5 0 p N icm?



BR(K*— n*n 1)

* PDG 04 average: A BR/BR =1.8% CHIANG’72: A BR/BR =3.6%
2 .BR(K* - f)=1 and no info on rad. cut-off

Signal selection

 2-tracks vertex before DC inner wall and along the K path obtained from
backward extrapolation of the tagging kaon track to the I.P.

« Signal peak 1n the missing mass spectrum (Lm_ ?)

1 ¢
09
03
0.7
0.6
10 0.5

MC 3

10 4 . - 0.2

S/Bx19 | =

22 ¢
2

H 18
ik

kine MC ——

—_——

|

|||||I||I|II|IIIIIIIII|I|III||||I|
25 50 75 100 125 150 175 200

=

"
ln =
+
L e +

¥'/ndf 9260 / 3
AD 9418 + AM6TE-01
Al 8297E-04 £+ A054E-03

: 1 i
10 = signal ittt ot
16

background 1 1 fi L4

1 1 ] | III.III|JJ 1.2

10000 15000 20000 25000 30000 3‘000 40000 45000 50000 !

038
missing mass® (Mevé) os = .

25 50 75 100 125 150 175 200

single trk (K — 3?’[) P, (MeV)

|
8siﬂg!saz trk (K — T ) 9

=]

» Correct MC efficiency with single track efficiency e
DATA/MC from K= -1t * 11 °11 ° control sample
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