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Kaon Physics at the F - factory DAF NE

a4

— Atar K — BR(f ® K*K-) =49.2%
ee ®f (1020) ® KK BR(f ® KPKPO) =33.8%

> very clean environment

» pure KK, and K*K- beams
almost monochromatic  (P; » 13 MeV/c )

mMtermgtongt

» kaon momentum precisely known
thanks to kinematics enclosure of the event

tagqging
Po» 110 MeV/c

P, » 125 MeV/c

PK{

— Neutral kaon mass (MeV/c?)
E 1o A 497.9
~ [ db,=0.004
x_b.8 oA
i 497.7
(b o AW e ne= T MeV + } ;
h) '
2% \ 4975
” / ‘
02 CMD-2 NA48 KLOE
ool . | The KLOE experiment measures:
1015 1020 1025 1030 m, = 497.574 + 0.005_, , + 0.020_ ., MeV
Q ( NL\CV) K stat syst
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The tagqing

Neutral kaons are produced in a pure
quantum state (J'<=1-) .

O® K)K°® KK,

(contamination from KK, K K, <10-9)

detection of a K, (K,) quarantees the
presence of 3 K, (K,) with known
momentum and direction

ISKL - ISF B ISKS/)
/

measured run by run
with s » 2.5 MeV/c

P, (MeV/c)
International Workshop on “Quark-Mixing, CKM Unitarity” 3




KLOE Integrated Luminosity

| pbiﬂﬂ :

150 |

100 |

50 |

i o
Dec Feb Apr Jun Aug Oct Nov Jan

~ 240 pb™! up to now and cleaner situation due
to machine background reduction of a factor 2, 3

» L @ peak (2002)=7-103" (cm 2 s71)
L @ peak (2001)= 5-10 3 (cm 2 s")

>

- ~300 pb"* at run end j
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The KLOE detector
Drift Chamber
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Vv, from K decays

Gpmi
19273

T'(Kes) = C¥ Vs 2| FE™(0) 2Tk (M3, m2, mZ, fE7(¢?))

- Se—

-

measuring provided by the theory ~ measuring ¢? evolution of
the form factor:
BR(K|3)/tK pr( 2) K (O) ﬁ | Kp 2('5
x \d /=T t—5-Q°z
g o

The observable is: V.| f, (O)| I

Ignoring phase space and form factor differences:

GK, ® pen)=G(K; ® pen)=2G(K*® ple *n)
But:

SU(2) (and SU(3);)
symmetry breaking effect

2" (2K - AOy/(2AT + AD) = (3.66 0.06)%
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Experimental status of K _; decays ‘K@?

—V, = 0.2196 + 0.0026

SEE%) [ o) [ FE %) [ 522%) [ B2 (%)

DVus/Vus = 1.18% (PDG '02)

To extract V,, from the experimental

observable we need:

2.5 0.2 2.5 12.2 19.7
1]
< SU(2) and SU(3) ;. symmetry K
b i £ 0.7 0.8 1.06 4.7 —
reaking corrections =
3
<% radiative corrections 0.9 0.8 1.20 14.7 24.0

—Osé BR<e3 +[1 9+005D + +[fj+(0)

’\/US‘ I%<e3 t ﬂ | +

K* . 0. 59% 0.22%  0.86%

- Both K * and K° must be measured
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Measuring V,, at KLOE @

KLOE can improve the accuracy in the knowledge of G{e3) measuring:
» both charged and neutral kaons absolute BR’s with the same detector

» directly the kaon partial decay width

Traditional method: Je3) = BR(e3) x G
=1
¢ measurement of G=1/t 0 Ged) |t @ el (BR(e3) g
¢ measurement of BR(e3) Xe3) T BR(e3) g
KLOE :
¢ by the tag count the number of K produced , N,
Xe3) = (DN /Dt)/N,,
o count the number N _; of semileptonic decays in
the decay region Gis 3 correction & dt/t
Le Noe™™| Decay dependence reduced by a
F| region factor » 5
[ L5,
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Charged kaons Lg%
» Taqqing is provided by K® mm, K® pp° decays (BR~85%)

selected using only Drift Chamber information. — Py in Kref. frame
TAG TAG
P e =~ » €

> From MC: €2° » 55%

TAG
» €., can be estimated directly
from Data using the redundant
calorimetric information (Ng0).

With 200 pb .

D v \/Iill-i » 0.1%
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K*. signal selection

v’ Taq on one side

v Vertex in DC

v' ToF selection

34.4 + 0.6

32.7+ 1.3

» 2000/pb™* P 0.4710° +0.6" 10°

200 pbt (2001 run)  »300 pb”' (2002 run)

International Workshop on “Quark-Mixing, CKM Unitarity” 10



K*. signal efficiency

_);}
E:LDE

Most of the efficiencies can be evaluated directly from data using control

samples P method used for G(K,® p*p - (@)/AK,® p°p?)

— Track + Vertex fit
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Phys. Lett. B 538 (2002), 21
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Neutral kaons ‘lzﬂ

> K, Taqqging is provided by K.® PP~ decays selected using
only Drift Chamber information.

> From MC: egés_ » (0%

aTAG
» “p*p- can be estimated directly

from data using a sample with K,
interacting in EMC (K - crash) and
requiring 2 tracks

With 200 pb'

Deic U ~1 » 0.1%
S Ye VNG
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KO 5 signal selection

v Tag on one side

v’ Vertex in DC fiducial
volume

v Invaright mass cut
v’ ToF selection

> Procedure already used
for Kc > pte*n:

W E 627 +30 evts *

-dd -30 Eedi] -10 a 1] 20 in

KLOE 2000 data:
BR(K, > p*e*n) =(6.79 + 033, + 0.16

Emiss — Pmiss

40

)x104

syst

N , »3 10*/pb*p 6" 10° +9’ 10‘65(4_5“04,(5%161")

e3

200 pb (2001 run) »300 pb™ (2002 run)
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Measuring | ,

KOeS
|, =0.0245+ 0.0012

+
Stat —

0.0022 , (CPLEAR) 365 Lkevts

- Kieg
|, =0.0293+0.0015,, +0.002, (ISTRA®) 130 kevts
|, =0.0278+0.0017__, +0.0015

stat

KLOE can improve the actual measurements
of I, using both KO and K*_; decays
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Conclusions and Outlook q&z;
% Next experimental improvement on DV, from Ki; BR’s and Ge3) and
|, (we will do better than the accuracy on the theoretical correction)

%* KLOE has the capability of measuring absolute BR’s both for
neutral and charged kaons and the unique feature of measuring
directly the partial decay width G(K;)

“* Good experimental resolution
“* stat (500 pb") » 0.07%

% syst : to be determined but most of them are evaluated with data
P improvements increasing the statistics of the control sample O(0.07%)
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DAF NE parameters 'l)ﬂ

~ /S e
D €sign p4 rameters Frascati @—Eactory complex
S/
¢ Beam energy : 510 MeV / ) T
o Max number of bunches : 120 / /’; P Loac

550 MeV e+
K00 MeV e-

¢ Bunch spacing : 2.7 ns

¢ Bunch current : 40 mA

il 1

o Single bunch luminosity : 4103 cm? 57!

'

L =5-10%cnr2s! ATOR
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BR( K. ® pre*n)
Motivations
¢ if (CPT).and.(DS.eq. DQ) then

BR( K, ® pte*n)=BR(K ® prte*nxG/G

from PDG values = (6.704 + 0.071)x10-*
only one measurement (CMD-2 1999). (7.2 £ 1.4)x10-4

% K ~crash.and.charged vertex at IP (r<8cm , Iz<10cm)
and.2 tracks with associated EmC clusters
< invariant mass of the tracks in p hp M_ <490 Mev/c?
(against background from Ks® p*p-)

% p/e identification using time-of-flight
“*E |

miss lPmiss

— ple identification using time-offlight

Dkt (p,€) =[t W - +,5V] —[L, /e b(p) =L, /c b(e)]

 |Ddt (p, p)|> 1.5 ns to reject K ® p*pr
% Cuts on Ddt (p, €) and Ddt(e, p)

M Ui




Efficiency evaluation

v’ Vertex reconstruction, fiducial cuts and My,
efficiency from MC but also from data K ® pen
near I.P. Chigh-purity sample (> 99.7 %), by
kinematic cuts) and Ks® pop°  to scale MC

Tracking efficiency for MC and data from Ks® p*pr

v Single-particle t,, track-cluster, and trigqer
efficiencies from data using K, ® pen near
origin and Kc® p*p- but alsof® PP p°.
MC efﬁcnency scaled accordingly

v Time of flight ID efficiency from K_# pen
decays near origin and Ks® p*p

Overall selection efficiency:
(20.8+ 0.4)%

300

-

| Fitto E

230 |-

130 |-
100
50 —

] MW ------ "“"1 P I
=) =30 =20 =11 0 10 20 30 40

Eﬂim 2000 N‘H

Yield = 62730 f M

I
f'-Tr’r

il
LF]TH

(re)-Piss (MeV)

mnss mis

spectrum using MC

miss muss

spectra for signal and p*p~ background

Normalization to K.® p*p- decays

|
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BR( K.® p*e*n)

CPT and DS=DQ predicts: GKg > prern)=GK,_ > ptetn)

and then: BR(K, 2 p*e*n) = BR(K, > p*etn) x (G/&)
Using PDG:

BR(K; > p*e*n) =(6.704 £ 0.071) x10-4

KLOE 2000 data, (6.79 £ 033, +

Main contributions to the total error % i the
Statistics £9 < \oWpeka
Tracking + vertex efficiency 2.0 200!
Cluster, t, , trigger 0.9

TOF selection eff 0.8

Taq eff 0.6

Total 5.9
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K analysis at KLOE ‘E{}

- b" after correction for different pion —
velocities and trigger latency

K tagging using time of flight identification
of K, interacting in the EmC (“K ~crash”)
selected as 3 calorimeter cluster with: s

“F,>200 MeV

15000
= | cos(q,, )< 0.7 -
= 0195 £b £0.2475 7500
(b" = K, velocity in the f rest frame) o

0

db:OOO4 I:) dWDAFNEZTMev 02 o lo.lzzl o3 o2

Farticies present

K,~crash
b* ~0.218

®

e K—oTn°
— K—7'n rephased

v relies on the measurement of b slightly
dependent on K decay

v easier determination of trigger efficiency
40% of times , K ~crash triggers by itself

v’ K, momentum from K cluster position

2000 data analysis = 5.4x10¢ K crash K.® p'p-
2001 data on tape ~ 6 x107 K, crash
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G(K;® p*p- (9)/GK;® p°p°)
Motivations
o first step towards Re(ede)
s extraction of lsospin O and 2
amplitudes and phases from consistent
treatment of soft g in K.® p*p ()

4

- K.® pOp° selection

K ~crash .and. 3 3 neutral "prompt” clusters:
[tCLVS-RELVS/c| < 5s, .and.

ECLVUS> 20 MeV .and.
cosq <0.9

— K® p*p (g selection
K ~crash.and.2 tracks from IP reaching EMC™
%120 <P, , <300 MeV/c and. 300¢<q<150°

track

fully inclusive measurement b no grequired in EMC

(*)acceptance depending on the photon energy E
o(Eg) from MC folded to theoretical g Spectrum

['\—/\ DATA
: MC-signal

pp(

i|

350

( Mﬁ;Va(ﬁQhonal Workshop on “Quark-Mixing, CKM Unitarity 21

acceptance and E cuts correction from MC
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T 2000
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cosithelamax)




Efficiency evaluation

~ K® p p-(9

¢ single-track reconstruction efficiency
from K. # p*p- data, used to scale MC

e,. (seland rec) = (57.6 +0.2) %

a April 21
nEs|-
nE *
ors

Hangle (degrees

=
= 1.9

j?-h‘l'.{fu.r'lﬁ Mﬂf m:.m i

q(deg rees)

DB -

08|

N S [V I B VI 1 ::1,'2:?
PT(MCV/E)

¢ single-particle t, and trigger efficiencies
using data: K. # p*p- from K, #*#p*pp°-
tagged sample (t,-independent), f # p p-p°
and K # p*p- with 2 trigger sectors fired by
plugged into MC

KL-leaS]')

e, (t,and trig) = (97.9 £0.03) %

— K.® pop°
¢ photon detection efficiency from data
usingf ® p*p pP events. The overall
selection efficiency (mostly acceptance):

€, = (90.1£0.2)%

gé!vr'“ﬂ“ y efficiency

Satum  1OF R, B B

%g'clus- -

algo- - Ey, MeV
S W

s t, and trigger efficiency using data:

K, % p° p° from K # p*p-pP—tagged
sample (% ——mdependen’c) K.® p°p° with 2
trigger sectors fired by K —crash

€0 (t, and trig) = (99.86 + 0.04)%
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G(K.® p*p- (9)/EXK® p°pO)

2.23 5
7/ + O.026 (without clear indica‘cion

LOE 2000 data

Statistical error (%) 0.14
R Everhart 76 WIRE
4~ Cowell 74 0SPK Contribution to systematic error %
11 Hill 73 DBC
. Alitti 72 HBC - o~
| " Motse 72 DBC s % pp%/K  # p'p-tag | O»
o Nagy 72 HLBC photon counting 0.20
. . Baltay 71 HBC -
. Moffett 70 OSPK trigger and 1, 0.23
e Morfin 69 HLBC tracking 0.26
s KLOE 2000
— Overall systematic error 0.68
PDG 2001 World Average
co o by by b b by e by by by

19 2 21 22 23 24 25 26 217
+_- 0_0
(K- )/T(K—-nn)
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