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Unitarity test of CKM matrix — V.

Most precise test of unitarity possible at present comes from 1% row:

|\/ud|2 + |\/us|2 + |\/ub|2 ~ |Vud|2 + |Vus|2 = 1 — A
A=0.0042 £0.0019 PDGO02

2|V 4ldV 4 =0.0015 from super-allowed 0"— 0" Fermi transitions, n $-decays:
2|V, JdV, = 0.0011 from semileptonic kaon decays (PDG 2002 fit)

0.24
\%

us

0.23

0.22 |

0.21

PDGO02 aerages for BR amJ slopes
0

£.5700) = 0961+ 0.008

Disagreement among K,
(Older measurements’ inclusiveness

of radiative processes uncertain)
K 5 larger uncertainties

Both K * and K° must be
measured
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V . from semileptonic decays

|V, 1s extracted from K,; partial decay widths

I'; 1

1/2
KUlx— _
|Vas| - f5 m}—[ﬁﬁaﬂjﬂkhimﬂJ l+<ET@L¥?%2+%&£ﬂhﬂkﬂ

\ ¥

where 7 runs over the four modes K*9(e3), K=%(u3) )
G MS,. few 10
l
. ]Vl = = C? ; [Ci=1(2"") for neutral (charged kaon decays)]
19273

¢ f+KOT“'(O) form factor at zero momentum transfer: pure theory calculation (yPT, lattice)

* I(A ,, A,,0) phase space integral, S_  short distance corrections (1.0232)
« ' sy Oenpa form factor correction due to isospin breaking (strong and electromagnetic)

e AL.(A,,A)) ) phase space electromagnetic correction

e A,,A, slopes (momentum dependence of the vector and scalar form factors)
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V  from semileptonic decays

exp
v
., 21(5BRJEDI1(QJ® (Aol
v | 12UBR J[ 2\ 7z )| rol A )| |30l 4, )| |£.(0)
KO- ey 03% @ 04%® 0.3% 0.8%
K*— ey 06% @ 0.1%® 0.3% 0.8%

KY— sruy 05% @& 04%® 08% @& 0.6% @ 0.8%
K*= muy 09% @® 0.1%® 1.5% @(1.-0.2%)a® 0.8%
PDGO02 averages for BR, lifetime, and slopes /

A, = 0.004 + 0.009 PDG02
A, =0.0183 = 0.0013 (7%), from ISTRA+ 2003

EXP: Need to measure BR, lifetime, and slopes with good accuracy
TH : Need to improve estimate on f(0)
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K, decays — Present knowledge

Knowledge of 4 main K; BR’s at present dominated by 3 measurements:

'K, = 7%7%7Y) 'K, = 7%2%°7% , ,
and , with ~2% relative uncertainty [NA31]
['(K; = mev) 'K, = ntmn)
[(K, - muv)
Rﬂ/e = =(0.702 = 0.011 [Argonne HBC 1980]

\ I'(K, = mev)

3-0 discrepancy (~4%) between measurement and expectation for R .:

Rﬂ o= 0.671 £ 0.011, direct measurement for K*, from KEK-E246 2001

R . calculable from the slopes A, and 4, of vector and scalar form factors:

U
0.670 £ 0.002, if A, =0.0183 = 0.0013, from ISTRA+ 2003
0.668 = 0.006, ifA,=0.017 % 0.004, from one-loop yPt

K, lifetime is poorly known A1/t = 0.8%
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K *decays — Present knowledge

PDGO02 BR dominated by a single experiment (Chiang 72)

New E-865 BR(K* — ne*v) does not agree with PDGO02 (2.26)
*not absolute BR
*use PDG for normalization

K* lifetime

PDG avg. 7, = 12.385 = 0.025 ns
+ 0.2%

2

X

-+ - KOPTEV 95 CNTR 49

------- KOPTEV 95 CNTR 0.2
------- oTT 71 CNTR 01
------------ LOBKOWICZ 69 CNTR 9.8
-+ - FITCH 65B CNTR __ 24

17.3
(Confidence Level = 0.002)
| |

1.21 1.22 1.23 1.24 1.25 1.26 1.27
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2000:
20 pb-!
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0 50 100 150 200 250 300 350
Days of running

2002 best Lo, 7.8 x 1031 em~2s~1
2002 avg L ~4 x 103 em—2s~1

50

W= m i o~ 350 KLOE 2001-2002
¢ i o 300 1.4 x 10° ¢ decays
(1019.4 MeV) | | TH 2 p decay
1 2z 250
Ldesign . LINAC é 200 iogli 1
1032 o2 1 | 11 Al esomeve, S 70 pb-
IS 10 cm=s i 5850%1;?%‘%& _g 150 P
: [ =
8
<
P
=

P Machine upgrades for 2004:
== L£>102cm 257! > 2 fb~VYyr
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Kaon production

The ¢ decay at rest provides monochromatic and pure kaon beams

e The KK pairs in the final state have the same quantum numbers as the ¢,
i.e., they are produced in a pure JF¢ = 1~ state

Ks (K+)4_ D — KL (K—) Contamination ~10-10

)5 (K0op] Kop) <[, op) Ki)

e Tagging: observation of K, signals presence of K
SL LS
- precision measurement of absolute BR’s

e Interference measurements of K(K; system

K'K- K, K

1.5% 106 /pb-1 106 /pb-1; p* =110 MeV/c

p* =127 MeV/c Ag¢=6 mm Kgdecays near interaction point
A.=95cm A, =3.4m Large detector to keep reasonable

acceptance for K; decays (~0.5 ;)
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The KLOE experiment

3 Be beam pipe (0.5 mm thick)
Instrumented permanent magnet
quadrupoles (32 PMT’s)

2
L.|COIL

Drift chamber (4 m & X 3.3 m)

90% He + 10% IsoB, CF frame
12582 stereo sense wires

Electromagnetic calorimeter
Lead/scintillating fibers
4880 PMT’s

S

i m
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KLOE detector specifications

e

E (]

" 3
' oo
| 9; b
| [ ..- .
Qb &
e\
- +

b

E

é&;

UE/E 5.7% /\/E(GeV) OP/P 0.4 % (tracks with 6 > 45°)
o, 54ps NEGeV)@®50ps O« 150um (xp),2 mm (7)
(relative time between clusters) Oxvertex ~1 mm

OL(W) ~2 cm (7" from K, - st~ n0) G(MTCTC) ~1 MEV
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K, tagged by K¢ > n*7m~ vertex at IP K tagged by K, interaction in EmC
Efficiency ~ 70% (mainly geometrical) Efficiency ~ 30% (largely geometrical)

K, angular resolution: ~ 1° K angular resolution: ~ 1° (0.3° in ¢)
K, momentum resolution: ~ 1 MeV K¢ momentum resolution: ~ 1 MeV
4105 tags/pb-! 3-10° tags/Eb‘1
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Analysis of K¢ — mev decays

*K. . tag + 2 tracks from IP with M__ <490 MeV (reject Ky —>nn(y))

¢ TOF identification: compare m-¢

expected flight times, reject nrn, Ty bkg

dot (e,m) = [tV -t CLU1 —[L, /c B(e) -L, /c B(n)]

s dot (m,) = [t LU —t,CLU] — [L, /o B(m) —L, /c B(e)]

Erei = 33%
Eor = 70%
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Ki—=m~e v, e v

Kinematic closure: use K; to
obtain K¢ momentum P, and
test for presence of neutrino:

= VM2 +P.2-E_—E,

mlSS

mlSS

number of signal counts by 3000 |

fitting data to a linear

combination of MC spectra 2000

for signal and background

b :
(') 1000 |

IR -finite treatment of

radiative effects in MC (no () lanas

energy cutoff)

5000 |

|P —P _P | 4000:

‘E —cP

L ev/MeV
6000

e Data
— MC sig + bkg

miss miss

40 20
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K= m~e v, mre™v

2000 | 2000 [
1800 }j'[_e_l_']} [ lﬁm:‘.ﬂ:-l-e_v
@ 11531 +181 o |
ol | 11805 177
1200 F _ 1200 |
1000 | | 1000 f
R00 [ ' 8O0 | j;
600 E i‘ : 600 | . |
| mﬁ E :
400 | ; # 400 | i ‘
[ + ] [ g
EW;N,:;:-’F . zm;_wjhf‘ i
A _ T _
0 _|__|_'__ ............... P 0 P_TT'—_T_II AP W lrarait! Crre s oy
2005 0 5 0TS 0 s 20 25 30 220 -15 <10 -5 0 5 10 15 20 25 30
EmISS_CPmISS(MeV) Emiss_CPmiss(MeV)

Result sensitivity to fit interval well below present statistical uncertainty

Normalize signal counts to K¢ —nm(y) counts in the same data set
(use PDGO3 for BR(K(—nn(y)), dominated by KLOE measurement)
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Ki=>na~ev,nTe v

Selection efficiency (given the tag) is evaluated by charge, using data
control sample of K; — mev decaying close to IP:
e(me’)=(24.1£0.1£ 0.2)% ; ¢ (n*e’) =(23.6+£0.1 =+ 0.2)%

BR(Kg — me*v) = (3.54 £ 0.05,, + 0.05,, ) 10°*
BR(K —> me'v) = (3.54 +0.05,,, + 0.04. ) 104

stat

stat syst

preliminary
BR(Kg — nev) = (7.09 £ 0.07,,, + 0.08_ ) 10+ | cvaluationofthe

. systematics near
(Published result: (6.91 +0.34, +0.15,,) 10 Phys.Lett.B535:3742,2002 ) completion
I'(Kg — me'v) - I'(Kg; = n'eV)

L T(Kg, - wev) + T(Kg, — e V)

Ag=(—2%9,, T 6 103 (never measured before)
(A, = (3.322 £ 0.058 + 0.047) 103, KTeV 2002 )

future: nextyear run 2 fb! —» c(Ag) ~ 31073
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K- mev - V,_f.X7(0)

Compare our measurement 0.2‘ v f* = (0) ‘

of V £ X%(0)from K with: _

 PDGO2 fit results for 0.22 |

['(K*— n’I*v) and I'(K; > ©1*Vv) | ]

(radiation effects not known) | ]

* '(K* — nle*v) from 0.215 1 1 t

E865 experiment . - { -

CKM e 0.21 1
wg prescription 1s used to |

extract V £, X%(0) from the |

partial decay width 0.205 K" K. 5 K, K. 5

V(K ) £5%(0) = 0.2157+ 0.0018

Our preliminary result agrees better with latest K™ data, while showing
a deviation from old K°_, data
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KS9 .77:61/ - VMS

0.235
PDGO02, CKMwg use [
f. K’ " (0)= 0961 + 0.008 0.23 | Unitarity and V
from Leutwyler, Roos s
Z.Phys. C 25 1984 0.225
 computed up to p* contr. in 0.22 +
XPT [
. conﬁrrped by a lattice 0.215 |
calculation
(Isidori et al., hep-ph 0403217 )
0.21 " 2
KE3 KE3
Il _1 (5131{) ol (&j o 1[04 o 9.0)
v 2UBR )20z ) 200 4 )T £(0) | Vis(Kse) = 0.224530.0026
0.7%@® 0.05%® 03% ® 0.8% | KLOE preliminary
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K, decays — Status and objectives

Precisely measure absolute branching ratios, with rel. accuracy < 1%

¢ K, decay vertex in a fiducial | 10° Ev/MeV 100 pb~! *01 data

volume in DC (givena Ky — n'n~ 125
tag) '
¢ Kinematic identification using

reconstructed momenta 100 ] | K, = muv

450pb ! = 3¢10° K ; events | 75-
2¢10° K ; events !

In progress: 50 | K, - nn K, > mev
* Analysis with the new detailed | j
MC with radiation and optimized 25 0
EmC response to u/n/K, K= nnn

* Selection efficiency as a function BN e
of K, vertex position and momenta -150 -100  -50 0  -50 100 150
of decay products Lesser of P ;s — E . in mp or pum hyp. (MeV)
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K, decays — BR stability

* Obtain number of signal counts by fitting data to a linear combination of MC
spectra for signal

» Each BR obtained by normalizing signal counts to the number of tags:
» Tagging efficiency cancels out 1n the ratio except for O(1%), channel-
dependent, tag-bias correction

Tag 1. standard
Tag 2: trigger

Reliability of tag-bias Mean valug 0.997 Tag 3 triger
correction checked by +eff. MC statistical Tag 4: K, quality
using various tag \
algorithms, with t T ;
corrections ranging from

7% t0 0.1% 0.99

YBR(K,)

Statistical error

0.98

1 2 3 4  Tag
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K, decays — BR stability

Stability of tagging for

5 BR(Ke3)/BR(Ku3)

2

“gl_ﬂ N S S N F—

~ Statistical

3 + eff. MC statistical |

" 2 + shape corretction Tag 1. standard
o : Tag 2: trigger

Tag 3: trigger
] no overlap

Tag 4: K, quality

IRR
.\ N

Statistical error Prediction from

: Form Factor
Statistical | o= 0.0183= 0.0013
+eff. MC
statigtical R,,,=1.426+0.018 PDG02

3 1 ]

Kind of tag

L4
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K, lifetime from K, — 7’7’

. °01-°02 data ~440 pb'l

x 10
- Entries 14578206
2000 W ndf 4540 /7 52
B Pl 1946E+06 + 2406
1750 B P2 51.15 + 2037
. 14.5 Mevents
¢ tag withKq > nn" 500

+ at least 3 neutral clusters in EMC 1250 .
: < fit region >
+ neutral vertex reconstruction and 370 """ ¢ 50-158 cm
selection 750 [
: 031 I

“LiBye (ns)

t (PDG) (fit) = (51.7 £ 0.4) ns
T (Vosburg, 1972) = (51.54 £ 0.44) ns - 0.4 Mevents Systematics
T (KLOE) = (51.15 £ 0.20stat ) ns - 14.5 Mevents — 440 pb-! to be evaluated
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Charged kaon decays

9 0 R
Measure absolute BR’s to < 1%: K* beam tagged from K- —> -0, v

» Two-body decays identified as peaks
in the momentum spectrum of secondary

tracks in the kaon rest frame: 6°10° tags/pb-! :,z"_‘i——— __:?X
AT H
102 Ev/0.5MeV /_,zf— —fx

"o Data Kinem. ID L[] ?: ‘_5
3000 — fit: tt’ + pv ] A i

3 s I Bd

- Q ~ | | |——|f j
2000} I BT iy

I t_— | /| __74

_ . | Rig

L *i)ﬁzl___ _—,L17‘7‘
1000 R inmmni e

|

180 200 220 240 p* (MeV)
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K= decays — Status and objectives

¢ After tag a dedicated reconstruction of K* tracks is performed, correcting for

charged kaon dE/dx in the DC walls Ev/(14MeV 2
e |-prong kaon decay vertex in a given : TOF
fiducial volume in DC i 0
e Reject two-body decays by cutting on P*_ 8000 j T iev e Data
o MC fit

e 710 search: 2 neutral clusters in EmC, with :

TOF matching the K decay vertex
e Obtain charged-daughter mass spectrum

from TOF measurement: 4000 TCO}JV
tl -Ll .(El/plc) = <ty-Ly/c> i . g%
_ g %
450pb' = 3°10° K, events : i wf M (Meyz)
0 0 20000 40000

In progress:
*Evaluation of selection bias due to interference from tagging decay

-Analzsis with MC uEgrade sradiative processes, OEtimized EmC response to Jz/m
23
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K™ lifetime

Tag with K = uv 35000
Measure L from K = wz¥ vertex - Coverage: ~1.77,

30000

0,(Km) =3 mm E 90 cm <L <250 cm
-1 6 25000 — by
450 pb~™" = 70 x 10° events : 100 pb-

Measure decay time independently o0 |
with ¥ - py vertex: S

15000 -

0,(yy) = 3 mm (after kinematic fit) : }

10000 |

Given the charged vertex resolution and
the EMC time resolution, with present ** |

data, we can reach 0.2% (stat) accuracy b ... ... ... . o0 e
on Ty, oo T

L/Byc (ns)
In progress:

efficiency evaluation directly from data sample selected using EMC information +
kinematic fit
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Summary

KLOE is analyzing a unique data sample: 500 pb~! of ¢ decays

» K semileptonic BR measured for first time with 1.4%
accuracy allowing an independent measurement of V

»Measurement of K; BR’s and lifetime are near to completion,
preliminary result for summer conferences

» Analysis of K+, BR’s, and lifetime in progress

KLOE expects to collect 2 fb~1in 2004-2005
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DADNE upgrades and 2004 running

New KLOE IR
* Rotation for low-f quads
* Decrease 8, and coupling
* Allow changes to KLOE
field

Pole-shims on wigglers

 Eliminate octopole terms i -~ _
ue

Run plans - [
e Increase peak luminosity and reach 1.5-10%2 cm~2s™!

 Restart by end of June with FINUDA first
« Switch to KLOE in early fall and deliver > 1 fb~! to KLOE

s 05
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2004 run plans

Expected DADNE performance

e Luminosity up to 2X10%? ¢cm~2 s~!
e Lifetime > 1 hr (was 0.6 hr in 2002)
« 10 pb~!/day, 200 pb~!/month

DA®NE run plans (from KLOE perspective)

 Start FINUDA data taking A.S.A.P

« 250 pb~! for FINUDA in ~2 months

 Realistically restart KLOE towards end of year

« Run KLOE for ~1 year with goal of collecting 2 fb~!
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Physics vs. luminosity.: perspectives

0.5fb!
5%10% KK,

2 b1
2x10° KK,

40 fb-1
4x10'° KK,

200 fb-1!
2x10' KK,

KLOE
today

KLOE
’04-°05

Original

KLOE
program

DAONE?2

Limit on BR(K = 37Y) at 1077 level
K - mev charge asymmetry (4) to 1072
V. from K, decays at few x 1073 level

Limit on K¢ -> 37° at 107° level
A to 4% 1073

First studies of KK, system with interference

Re ¢'/e at 10~ level
Im ¢'/e at 1073 level from KK, interference

High-precision studies of KK, system via
Interference measurements

Competitive measurement of Re 0 from A4
BR(K - 37%) and BR(K = 7%4/) to 20%
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Generators for radiative K decays

Motivation: acceptance evaluation with accuracy

better than 1%, shape of kinematic variables (e.g. % 10 f’ [ Entries 1000000
Emiss_pmiss Sp ectrum) %
7 10
New MC generators for nn and K13 decays ; bl
including radiated photon, without any cutoff on 0% E 4P .a-b £
the energy. The fraction of events in the tail is in ' dE ’ M
agreement with present experimental knowledge: 10°%
BR(K, - mevy,E, >30MeV 6, >20°) 07}
BR(K, — mev) - Z TTTTY
10 E
kTeV (0.908+0.015)x107 i "IWWMNWH H '
Bijnens et al  0.93x107 L —
0 20 40 &0 80 100 120 140 160 180 200
MC 0.93x107°

ET(M eV)

BR(Ky — zzy, E, >50MeV)  E731 (2.56£0.09)x103

BR(K¢ — nrr)

MC 2.6 x103
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Generators for radiative K decays

Motivations:
efficiencies evaluation @ <1% accuracy
shape of kinematic variables

250

E (MeV)
!

- no threshold on photon(s) energy

Y,
&

/

150

125 |

Use exponentiation method:

L \
dr_ +aay + ay—+1m a,+ E +a[£] +ara) ﬂ-, \
dE (E{M) g T : \\
1 M et T T T
T M_(MeV)
Correct behaviour for low energy photons, and small correction for
higher energies (~ % since ab ~ 0.01). Collaboration with
&. Isidori

V, from K semileptonic decays at KLOE- A. Antonelli - HQL04 San Juan 1-5 June 2004 30



MC simulation

Simulated event samples statistically comparable to data
¢ — all 452 pb~! at 1:5 scale ~300M events

¢ — KK, 452 pb~latl:1scale ~500M events

Each run in data set individually simulated
\s, Py X background, dead wires, trigger thresholds...

Inclusion of accidental activity from machine background

extracted from e'e- — yy events in data set
inserted run-by-run to match temporal profile of bkg in data

Tuning of calorimeter response simulation on p, 7, K,

Suite of new generators introduced, particular emphasis on
radiative processes
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Form factors: 1., A,

+ KLOE expected (only statistical
accuracy with 400 pb-1):

o O, (K #3): 2.0 x 104

o dhg(K #3): 2.8 x 104

o oA, (K*3): 2.6 x 10-4
o dhg(K*,3): 3.5 x 104

+ g° resolution:
o K : dp, and &pj,,y from DC, 5p, from dpg and op,
o K*: 3py and 5pj,,+ from DC, dominated by SE

% A 1% precision on f,%(0) requires 51,=0.001 (~ 5%)
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Form factors: 1., A,

KOeB
A, =0.0245+0.0012

365 kevts

, £0.0022, (CPLEAR)

sta

_ Kie5
A, =0.0293+0.0015,,, £0.002,, (ISTRA®) 130 kevts
A, =0.0278+0.0017 . +0.0015_

KLOE can improve the actual measurements
of A, using both KO and K*_; decays
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