0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 1

K l3 g

decays: the ex perimental status

F. Scuri ˘ I.N.F.N., sez . Pisa, Italy

¯ The published experimental results versus the theoretical predictions;

¯ A method proposed to measure BR(K 0

L

Æ p e ng ) at KLOE

EUR IDICE 1 st Collaboration meeting, Frascati 18 - 20 October 2002

K 0

L p l n

g

0ct. 18th, 2002

Euridice Meeting

F.Sc uri: Kl3g deca ys : e xp. status 2

Published experimental results:BR(K

e3 g

)

( )

( )

( )

w.a.

2002 10 0.06

3.53 : PDG

10 syst.) ( ) 0.14(stat.

3.61 : NA31

10 syst.) ( .) 0.044(stat

3.522 : KTeV

3

3 0.21

0.15 -

3 0.057

0.053 -

-

- +

- +

´ ±

´ ±

´ ±

Phys. Rev. D 64 (2001) 112004

Phys. Lett . B 369 (1996) 69 - 76

0ct. 18th, 2002

Euridice Meeting

F.Sc uri: Kl3g deca ys : e xp. status 3

Published experimental results:BR(K

e3 g

)

The KTeV analysis :

¯ Isolated photon counting, ~ 15,000 selected signal events, ~110 bckg

¯ TotallyMC dependent for:

Î K 0

L

lab momentum determination;

Î K e3

and K e3 g

event acceptances;

Î photon efficiencymeasurement;

Î background subtraction ( K p 3

, K e4

)

¯ K e3 g

event generator derived from the ^ Current Algebra ~ formalism as in H.Fearing et al., Phys. Rev. D 2 (1970) 542 and ref. th erein

M( K e3 g

) = M

IB

+ M

DE

; IB = Inner Bremsstrahlung , DE = Direct Em .

0 approx.

kaon soft ,

; M

2 2 2 2 DE

= = ® => μ

+ + + =

B A P f f

f

M

D f

M

C f

M

B f

M

A

K B A

D

K

C

K

B

K

A

K

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 4

Published experimental results:BR(K

e3 g

)

The KTeV analysis :

The conclusions:

¯ The measured BR(K

e3 g

)

^is significantlylower than

all published theoretical

predictions~

0ct. 18th, 2002

Euridice Meeting

F.Sc uri: Kl3g deca ys : e xp. status 5

Published experimental results:BR(K

e3 g

)

The KTeV analysis : The conclusions (cont´d)

¯ Photon spectrumconsistent

with IB as onlysource of

photons

¯ In the soft kaon approx.

* *

19

21 -

dcos dE dN

on fit parameter 2 a of results

5 D 10; 5 - C

g g

J e

+ = ± =

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 6

Published experimental results:BR(K e3 g

)

The NA31 analysis :

Phys. Lett . B 369 (1996) 69 - 76

Background sources:

¯ K 0

L

Æ p + p - p 0 , one photon lost, one pion misidentified

¯ accidental photons in theK0Lbeam

¯ photons generated b ythe pion shower

2 S/N , 53 1384 > ± = ev sign

N

Î All backgrounds subtracted from selected data sample

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 7

Accidental photons with randomtrigger

Discriminant observable: the cluster time

The NA31 analysis :

Published experimental results:BR(K e3 g

)

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 8

Published experimental results:BR(K m 3 g

)

The NA48 analysis :

Phys. Lett . B 418 (1998) 411 - 418

Background sources:

¯ K 0

L

Æ p + p - p 0 , one photon lost, one pion misidentified

¯ accidental photons in theK0Lbeam

¯ photons generated b ythe pion shower

¯ K e3 g

events where the electron is misidentified as muon

BR(K 0

L

Æ pmng

, E* g

> 30 MeV , q * g

> 20 o )

NA48

Tree level 5.2 x 10 - 4

Full O(p4) amplitude 5.6 x 10 - 4

4 43 . 0

54 . 0

10 .) ( .) ( 46 . 0 65 . 5 - +

-

´ ± syst stat

2 ~ S/N , 21 252 ± = ev sign

N

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 9

Published experimental results:BR(K m 3 g

)

The NA48 analysis :

( GeV /c 2 )

The discriminant observable:

Squared K 0

L

momentum boosted in the frame where

) ( 2 ’

0

pmg p

0 ) ( ) ( ) ( ’

||

’

||

’

||

= + + g m p p p p

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 10

Topologyof selected K l3 g

events at KLOE

Calorimeter

Drft Chamber

Beam pipe pion lepton photon

K 0

L

- K 0

S

system flight direction

E.m. energydeposit (cluster)

neutrino

g

n e

p p

p

K 0

L

K 0

S

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 11

Background sources

** K 0

L

Æ p + p - p 0 events where one photon is lost and one charged pion is misidentified as a lepton (see below)

** Accidentals (clusters generated bymachine background)

Î R clu

> 65 cm

** Cluster fragments ( splittings ) not associated to anytrack in non radiative semileptonic decays

Î E g

> 20 MeV and isolation cut on candidate g Î min{ D clu

} > 50 cm

( ) track clu clu clu

X X D

, ,

- = g

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 12

Dalitz plot of the K 0

L

charged deca ymodes

Dalitz plot of the K 0

L

charged deca ymodes a) Real data b) OnlyK l3 g

generated events ( Verbeni )

P miss

= P

K0 L

˘ P tr1

˘ P t2

vs M 2 miss

= E 2 miss

˘ P 2 miss

; M tr1

= M tr2

=M p

Cut at |M 2 miss

˘ M 2 p

|< 0.002 GeV /c 2 to deplete the K 0

L

Æ p + p - p 0 bckg .

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 13

Charged pair assignment with the e.m. cluster timing

) ( ) (

) ( ) (

1 1 . 2 2 1 , 2

2 2 . 1 1 2 , 1 flight pion trk clu

flight el trk clu

flight pion trk clu

flight el trk clu t t t t t

t t t t t

= =

= =

- - - = D

- - - = D d

d dD t

1,2 dD t

2,1

Red points: K e3

events

Blue points: K m 3

and K 0

L

Æ p + p - p 0

GEANFI package for full event simulation at KLOE

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 14

Reduction of K m 3( g )

contamination with cuts on theratio between e.m. energydeposits and track momenta

R e

R p

cluster e.m. the to associated track the of Momentum

r calorimete in the deposit

Energy

) (

= p e

R

< 1 others

< 1 p + p - p 0

~12 pmn (g)

~87 p e n(g)

Frac . of the total

(%)

K 0

L

dec . mode

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 15

The studied observable for event selection e + e -

L

K0L

L g

c

L c

L t t

L K

L K clu clu

g b

- - = D

0

0

For all not associated cluster measure

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 16

Background suppression:

cluster energyand neutrino mass cuts

E g

> 20 MeV ; |M 2 n

|< 0.002 GeV /c 2

A. U.

A. U.

Squared neutrino mass in non raditive K e3

events

D t clu

before cuts

D t clu after cuts

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 17

PreliminaryKLOE K l3 g

signal

Simulated data, no rad . decays

Real data: N signal

= 287 +/ - 27 (stat.) S/N ~ 2.2

D t clu

(ns)

e3 g

signal

E* g

MeV

Abs( D t clu

) < 2 ns

E * g

> 30 MeV

No background subtraction no efficiency correction

Real data {

KLOE Preliminary

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 18

Kl3g signal (cont´d)

PreliminaryKLOE K e3 g

signal (cont´d)

No background subtraction no efficiency correction

Simulated data, no rad . decays

Real data: N signal

= 151 +/ - 21 (stat.) S/N ~ 1.2

Abs( D t clu

) < 2 ns

E* g

MeV D t clu

(ns)

E * g

> 30 MeV cos q * e g

< 0.94

Real data {

KLOE Preliminary

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 19

A first check of predicted B.R.´s

.) ( 3 . 0 9 . 1

) 94 . 0 cos , 30 (

) 30 (

* *

3

*

3 stat

MeV E N

MeV E N

R e

ev

Ke

ev

Ke meas

± =

£ ³

³

= g g g

g g q

4 . 2

) 94 . 0 cos , 30 (

) 30 , (

* * 0

* 0

.

=

£ ³ ®

³ ®

= g g

g q g n p

g n p e e L

e L estim MeV E e K BR

MeV E e K BR

R ( Michela Verbeni )

No efficiency corr .

for cluster recons.

cos q * eg

cut

Real data

Simulated events, no radiative deca ys

E * g

> 30 MeV

SLIDE DROPPED

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 20

Conclusions and perspectives

¯ The onlyexperimental measurement of BR(K m 3 g

) has a total relative error (~12% ) greater than the relative difference (~7% ) between tree level and full O(p 4 ) predicted values. A more accurate result is required to confirm predicted values.

¯ The present experimental relative error on BR(K e3 g

) is below 2% ;

the measured central value is 2 s below an ypredicted value; new experimental and theoretical studies are needed to understand su ch a discrepanc y.

¯ A clear K e3 g

signal is seen at KLOE in a ver ypreliminaryanalysis on a reduced data sample (20 over 500 pb - 1 of int. lum . on disk) with reasonable but not yet optimized selection cuts.

¯ Rough extrapolation of the event yield from 20 to 500 pb - 1 leads to a relative statistical error on the signal of about 2.5% for B R(K e3 g

).

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 21

Conclusions and perspectives (cont´d)

Some caveats:

¯ The studyof the s ystematic errors has to be still done:

Î some cut efficienc y(K

3 p

background rejection, e.m. cluster reconstruction) can be estimated from selected data sampl es;

Î other cut efficienc y(cluster isolation, E* g

, cos q * e g

) and the acceptance measurements need a full detector simulation o f the radiative deca ys at KLOE

Î integration of Bijnens et al. generator in GEANFI ?

¯ Machine background changed with time during data acquisition:

Î some systematics a bit harder to handle

Î useful statistics maybe less than 500 pb - 1

0ct. 18th, 2002

F.Sc uri: Kl3g deca ys : e xp. status 22

Conclusions and perspectives (cont´d)

¯ The experi mental KLOE analysis on K l3 g

is just started bas ed on 1/25 th data on tape.

¯ First feedbacks are encouraging and there is much roo mto improve the event s electio n efficiency

¯ If the systematics will be controlled at the level of the statistical error, a significant check of the published results will co me fro mKLOE.