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Physics issues

Absolute BR of K—ouv(y)

Absolute BR of K—nn® > topics of this talk
Lifetime

® @ (@

J/

@ Absolute BR of semileptonic decays
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Common Strategy for signal selection
1) tag on one side with K -—uv (or K-—r—7°)

4 preselection

- Ppca < 10cm
- px €(70,130) MeV

4 selection
- pytx € (40,150) cm
- dp € (-320,-120) MeV
- p*(m_) € (180,270) MeV

4 self-triggering tag
(2 trigger sectors fired)

Pure kaon beam obtained — normalization (Nr,z)

2) look for signal on the other side (K* beam)

® Kaon selection + vertex in fiducial volume pyry € (40,150) cm



1) K >uvy)
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Overview

PDG fit BR(K*—>puv) = (63.43 £+ 0.17)% ABR/BR =2,7x103

CHIANG '72 BR(K:—>uv) = (63.24 + 0.44)% ABR/BR = 1 6x10-2

— Method:
*Self-triggering K—uv

*Counting the events in the distribution of the momentum of the
secondary track (p*)in the kaon reference frame, after

background subtraction, we can extract BR(K*—p*v(y))

The selection efficiency is only related to DC reconstruction:
= global efficiency epy.yTx
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The method

- Select the signal sample asking for a vertex in the FV
- Select and subtract the background

given by events withanlin o 70
the final state: - - e

109

K—>nrl K—nPev

- Kuv region

BR(K > p'v(y)) = e L L
Nrac €c Ers

€c = Epata X COrMye 103

tagb estimated from MC " __
160 1B0 200 220 240 280 280 30C
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Background selection

- Vertex in the DC

F >

L Q)
10° E
E
>

Q

10‘*E
1075
102k

10 =

| shape™“(vtx + m0)

- ask fora n0:

¢ 2 neutral clusters “on-time"
o |Aty, | (wrt vix) within 5o,

shape™“(t 0
ape™ (true nn0) ¢ 80 < 2y invariant mass < 200 MeV

Negligible difference
between the true and
selected n° bck in the
Kuv region with respect
to the signal peak
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Signal spectrum background subtracted

After the bck subtraction P'min lower extreme of the sum
we are left with pv signal

=
th
I

2x10° ev.

Corresponding to the n*n®
peak a hole appears

Number of events

| | 4 K* = piv(y)
We integrated the signal o events
from 220 to 400 MeV that ;

is 15 MeV above the hole
— keep as much event -

as possible without getting M
close the pion peak

NKHV(Y) measured I1'I|3l3I | I18|~U'I I IEl;EII I I220 240 2e0 280 300

g [IMevl
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Efficiency evaluation (I)

To avoid correlation with the DC driven sample
selection, we select the efficiency sample using
mainly EMC information

109

T mass hyp.

109

Double K—uv(y) events selection

10t

1) isolate triggering cluster of

the muon tag 05k L
2) ask for: I
1 cluster with ok e
90 « Eqy,, < 320 MeV [ shape"(true )
no clusters with o b

MC
20 < E, < 90 MeV shape™“(u cluster)

anything with ;ll o

ECLU< 20 Mev (/OW E}/ /"gd) 50 - I1EID 150 200 250 300I — 550I

*x
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Efficiency evaluation (II)

K™ u+v

NIJIJ § :

tag
Small discrepancy (~0.1%)
between reconstructed efficiency 0 |
and "true” MC efficiency -

e v b b v by v by L v T e Laaa
0'33210 2125 215 2175 220 2225 225 2275 230 2325 235
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Tag Bias

The tag request on one
hemisphere can modify the BR
distribution on the other side.

0.7

Branching ratio

0.6 < —u'y

This correction is evaluated o b
from MC and is given by: :

4.3

erp = BR(with tag)/BR(without tag).. _ Py

(35pb! MC sample was used) o |

O 1 1 | 1 1 1 1 | 1 1 1 1 |

TB correction for K* > ptv(y) : &= 1.0165+0.0002

BREK' > 'v(y) = s 1]
Nrac &c Era
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Consistency check & Time Stability

We compared the BR used for the MC generation
with the BR we measure treating MC like data:

‘ BRMC reconstructed BRMC generated ‘ = 610_4
T
) BR measured on 10 sub-samples
\ + Fitting with a constant:
T
o A f/ + BR = 0.6388 + 0.0013
F v2/dof = 12.37 / 9
"""""""" Preliminary |
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Summary of the systematic uncertainties

O Eff. Low energy cut 3.10 *
O Radiative ytail 7.10 *
O Eff. Medium energy cut 12.10 *
O Eff. High energy cut 11.10 *
OFiducial volume 5.10 *
5Backgorund fit 6.10 °
Opackground spectrum <1-10°"
52'5 Lower extreme 5:10 "
Total systematic error 22.107
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Still to be finalized
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Preliminary results
BR (K* —-puv(y)) = 0.6387 +0.0013 (stat.) + 0.0022 (syst.)

Using the Marciano method el
for Vus V.. =0.2244 (30) sz :
0.235 ¢ Vs 0.638 |
s 0.636 - L .
0.2520 F Unitarity
T 0.632
092275 ::::" F e 0.63 :_
0.225 & . 0.628 i PRELIMINARY
02225 & o | 0.626 —aping 7672 KLOE 2004
0.22 F WKLOE |
0.2175 [ ®NA48 PDG fit = 0.6343 £ 0.0017
Do b WA PRELIMINARY Chiang = 0.6324 + 0.0044
- ¥ EBBS

T WO | | | | | |
5 L L L L
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2) K - nn?
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Overview

PDG fit BR(K:—s7tn®) = (21,13 + 0.14)% ABR/BR = 6 6x10-3
CHIANG ‘72 BR(K:—n*n®) = (2118 + 0.28)% ABR/BR = 1,3x10-2

— Method:

*Self-triggering K—uv
> Fitting the distribution of the momentum of the secondary track
(p*) in the kaon reference frame we can extract BR(K*—n*n")

The selection efficiency is only related to DC reconstruction:
= global efficiency epy.yTx
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The method

1) wv peak: p*(n mass) distribution from "u-cluster” sample
2) nr’ peak: p*(n mass) distribution requiring the =°
3) 3-body decays: p*(n mass) distribution from MC

104

107

p* cut fit windgw
L1 [ v

\
Noglerr 1

BR(K —» nn®) = x tagb

Nras  &c(p™cut) ——

. 7
Y

*x
epc(p ™ cuT) = &,14 X COPIy

tagb estimated from MC kpmO4

Ll 1 1 1 1 L1
o a0 100 150 200 250 300 350 400
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v shape

1) tag on one side with K»yvm

2) isolate muon cluster of
the tag

3) ask for :
1 cluster with
90<E,, < 320 MelV
no clusters with
20 < EC'LU <90 Mel/
everything with
E <20 MelV

4) vertex in fiducial volume

g

)

107

0%

10 &

ev/MeV

shape™“(true pv)

shape™“(u cluster)

P*(w) distribution

T mass hyp.

1350 200 Za0 300
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znl shape (1)

>
L Q)
105:—2
E TN
>
Q

102k

10 =

shape™“(vtx + m0)

- Vertex in the DC

- ask fora n0:

¢ 2 neutral clusters "on-time"
and 24°< 0, < 156°

ShapeMc(true nr0) ¢ Aty, (wrt vix) within bo,
* 80 < 2y invariant mass < 200 MeV

Entries 100073
Mean 1.209
RMS 1.444
UDFLW 0.000
OVFLW ¢.000

ALLCHAN ~ 0.1001E+06

173 200

Erika De Lucia

* (MeV WMWM 2
p* ( ) o A0
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7’ shape (2)
*The final shape is obtained from a bin by bin MC correction
o Comparison with the DATA shape with cos6*__ selection

105__ DATA . m;_ MC
shape® ™ (vix +m0) . _
] . shape™(true nn0
- “0— #ﬁﬂw
: i
: ﬁj Fw
e
| M 4 shape™(vix+m0 +coso. )

G0 BD 100 120 140 160 180 200 220

i
0 E MeV
- fw‘ﬂ shape® ™ (vtx + m0)xcorrn,, 1 P ( )
Mm el e b b e b e b e b oy \Cor\r\ — ShapeMC(T[T[O)
e w10 0 e @ 200 2 "¢ shape‘(vtx + m0)

x
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Global efficiency evaluation

1) Extrapolate the K- track from the tagging side E x 1
to the signal hemisphere _

2) use the timing of the neutral clusters fired
by the photons of the n° decay

3) step along the path given by
the extrapolated kaon T

4) find the point giving the best evaluation
of the position of the neutral vtx

12000 E_ P* (TCO) K N X TCO

10000 0
i K>nmn

8000 f Kl
* ’ nn? events selected cutting on the

distribution of p*(n°®) to minimize

3-body contamination of the sample

6000 —
4000 —

2000 —

0 - = -::::__. Mev
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First glance at 175 pb~ (2002)

x 102

3500

3000

ev/MeV

2500

2000

1500

1000

500

L M{w ") = 81856241383

| N(w'T) = 2562920+2309

]

LA

Efficiency from neutral vertex
sample with p* ,(peak) + o

* p* cut = 180 MeV/c

* MC correction from kpmO4 prod.

BR(K - nmt®) =21.05 + 0.05%

(only statistics )

180 200 220 240
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First look at BR vs time
The 2002 data sample has been divided into 7 sub-samples

022 1 ¥ /ndf 2.801 / B
- AD 0.20093 + 0.5204E—03
0218
0.216
0214

0.212 —

0.21 f + | + |
0.208 f— +

0.206 —

0.204 —

0,202

0'2_|||||||||||||||||||||||||||||

nsample
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3) Charged Kaon Lifetime
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Present experimental picture

The Particle Data Group values are questionable.
We have two different methods to measure the charged
kaon lifetime : (1) by kaon decay length and (2) by kaon t.0.f.

()=12.385%0.102 ns

—t— Koptev, U 95

— (1Z385~+G0Z4) ns
Koptev, Cu 95

Ott 71t =(12.385£0.102)ns

Lobkowitz 69
itch 658

——

|
122 124 1, ns 12.6
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Method 1: © from decay length

Signal selection

o Self triggering muon tag Q
> K track on the signal side

> Decay vertex

Signal K extrapolated to the IP.
dE/dx correction applied along the path.

L. 2
r=Y ﬂ_'_\/1 - B L= step length

Vertex efficiency needed wrt the decay length of the Kaon
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Reconstruction efficiency

@ Same technique used for the efficiency of the nn® analysis.

@ This technique provides efficiencies as function of
Kaon decay length/position/proper time.

@ Measurement performed in a proper time interval (15-30 ns)
where the ratio e e/epeco IS constant (within few 10-3)

€ ; 8TRUE/SRECO
1 true MC : R
reco MC "l
0.8 B Hﬂﬁmﬁﬁw N 11k
s 2N - ag= (99.52 + 0.5) x10-2
W ) bG: (0.53 + 0.28) x103
04 | i Jiﬁ | ces |
a ““*”mw o
I : \E\' | | | | | | 0.8 | | | | | | |

] 1C 20 30 40 50 60 e 16 18 20 22 24 26 28

Eri.  _ _ — T,(,n.sl)..f/'f/'c Committec ... _...___. 7 (ns)



MC results for method n.1
T e = 12.37 ns

Counts Counts
[ /ndiB6.14 7 40 F /ndTB4.61 / 4D
18000 L Constant 10.41 4+ .9576E-02 - Constant 1042+ 9150602
16000 |
Slope —.BO73E—01+ .422BE—03 C Slope —.BOBOE—01+ .4026E—03
I fﬁ i #H#
14000 + ++ 14000 H+
- i - o
L } +ﬂ+ iﬁ
12000 -~ # 12000 | *1*#
i ) C
A 2 k 1
o 2=l S
10000 |- 10000 |- h 2 2 1
L - x - °
8000 - 1[ RODD +
6000 | . 6000 [ |
L ) | {
4000 __ 4000 |
i { S\
L + r ‘*“h
2000 [ Y, 2000 - o,
L My B Yy
H’“"’Ww - LT e }
i — o
[ * | | | | * 'HﬂJJ}h_d}iL* + | O 1 1 1 1 | Il Il 1 Il | 1 1 1 1 | 1 1 Il Il | 1 1 1 ‘IH;I;JH‘»JH' 1 Il ‘ 1 1 1 1
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il Il Il 1 1 1 Fld o+l 1 1 1 1 1
o 0 20 5 20 50 50 o o 10 20 30 40 50 50 70
7 (ns) 7 (ns)

e = (12.3820.06) ns T mc = (12.38+0.06) ns
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Preliminary results on data

counts/.25ns counts/.25ns

30000 | X¥/ndf62.37 / 4D ¥/ndf5958 / 38
- Constant 10.87+ .7366E-02 = Constant 10.90 + .96B0E-02

Slope —.7964E—D1+ .3296E—03 . Slope — 7942E—071 £ .4333E-03
it 25000 {4

25000 |- f

i Hﬂ 2 _ 20000 :— } hﬁ{
20000 — ; X - 1-6 : H+++ X2 — 1.5

L 15000 |-
15000 -
10000 |-
10000 N |
i BOCO |-
5000 e, -
- o e
Sy o tq,,*h
%ﬁ*’*h r “‘m;g L
- : Mty - JAJ#"PH {
O L L4 L | L L L L | L L L L | L L L L | L L %t*)#uH o1 L | L L L L O | | | 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 1 | "wr*-& ‘I +NL N 1 | 1 1 1 |
0 10 20 30 40 50 60 70 0 10 20 30 40 50 B0 /G
T ( NS ) T ( Nns )

e = (12.55740.061) ns 17y, = (12.601+0.069) ns
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Method 2: v from time of flight

Signal selection

-Self triggering muon tag
‘K track on the signal side
-Decay vertex

» 10 coming from the vertex

For each y from =n°;
AN

Charged vertex efficiency and »° efficiency needed
wrt the decay path of the Kaon
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Neutral vertex efficiency (I)

1) The true neutral vtx efficiency is:

£ _ N (MC true)

nvtx true o N

TTO

2) the reconstructed efficiency is :

£ o N nvtx & cha_vtx (MC/DATA r'eco)

nvtx reco o N

cha_vtx & y on time & P* cut

the normalization sample requires:

/\ secondary
/-\

- charged vertex kaon ™
1y on time TR
- p* <220 MeV vy on time ‘\
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Neutral vertex efficiency (II)

@Measurement performed in a proper time interval (18-32 ns)
where the ratio e e/epeco 1S constant (within few 10-3)

g / ¢
EE,nVTX nvtx_true nv’rigmrgéscgzo/ :
- I N aarooes easeros
L __:i::rt | B ‘ ; pE—— ‘
06 - — $+ L
os L - os |-
+ 4
L - i
b = -+ oo Qo o= (1015 + 1.5) x10°2
I i I - - -3
L DBryre cha = (0.2 +0.6) x10
MC true L+ 0s |
>t MC reco
0.1 } — o2
i —+
OO - W‘O ’2‘0 3‘0 ‘4‘0‘ ?O 6‘0“”70 OWS‘ ‘ ‘2‘0‘ ‘ ‘2‘2‘ ‘ ‘2‘4‘ ‘ ‘2‘6‘ ‘ ‘2‘8‘ ‘ ‘3‘0‘ ‘ ‘32
7(ns) (ns)
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MC results for method n.2

x 102

1900 XE/ndf 1220 /5
Constant 12,42+ 1052601
Slope  —.8049E—-01+ .4592E-03

o
1000 N
4’7

800

600 XY

400

200

+ -
5 L L L1 S L.
0 10 20 30 40 50

7(ns)

T me = (12.42 £ 0.07) ns
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x 10
10000

8000

6000

4000

2000

X/ndf 4621 /6
Constant 12.39+ . 7576E-02
Slope  —.8090E—01 + .3526E—03
.
.
Y
O l | | | ‘ | | ‘ | | ‘ | | ‘ *’—‘—‘ l | | | ‘ | | | |
0 10 20 30 40 50 60 70

7(ns)

T ue = (12.36 + 0.07) ns
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Physics issues - Time schedule

@ Absolute BR of K—pv(y)
Winter Conferences

@ Absolute BR of K—nn®
Preliminary for Winter Conferences

@ Lifetime
Winter Conferences
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