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V. from K, decay rates

with K=K*, K% [=e, u and

Inputs from theory:

Universal short distance

S
Ew EW correction (1.0232)

f. +K0 ™(0) Hadronic matrix element
at zero momentum transfer (=0)

A SU2) Form factor correction for strong
SU(2) breaking

A IEM Long distance EM effects
K
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C2 =1/2 for K*, 1 for K°

Ph int I: A
IKIO") ase space integral: As

Inputs from experiment:

I( Kl ) Branching ratios with
well determined treatment
of radiative decays;
lifetimes

parameterize form factor
dependence on 7 :

CcT

K,;:only A, (or 1,” 1,7)

K ;:need A, and A,

3"




Vol £2(0)

0.214 0216 D218 0.22
| L - - e L |

- K,e3 0.21625(60)
- K43 0.21675(66)
—3 Ke3 0.21542(144)
i K*e3 0.21728(84)

—— *u3  0.21794(111)

I Il 1 i I | i I (] 1 I
0214 0216 D218 0.22

Average: |V, | f,.(0) =0.21664(43)

Approx. contrib. to % err
%err BR T A

l0.28) 009 019 0.15
L
I
lo31; 010 018 015
067 065 003 015
039 026 009 026

051 040 009 0.26

x*Indf =2.88/4 (58%)

from:
Int

0.09

D13

0.09

0.09

015

kaon@KLOE — B. Sciascia — FlaviaNet, Orsay, 14 Nov 2007




BR(K .— mev)

BRs from KLOE tagged K¢ beam, 1.2x108 events  (20% of full data sample)

KLOE
PLB 632 (2006)

KLOE
EPJC 48 (2006)

These two measurements completely determine main K{ BRs

BR(K  —> Tev) = 7.046(91) x 10~

A.=(15+96..+29 x 1073 Compare to results for A, :
s = ( stat Syst) KTeV (3.322+0.058+0.047)x103

A, = (33.944.1)x10°3

With 2.2 fb~! we will measure:
BR: statistical error will be 0.5%; improve on the present syst. (0.7%)
Aq: error dominated by statistics a factor x2 better (4x1073)
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K, branching ratios and lifetime

Absolute BRs: K| decays tagged by K>~
(13x10° tagged, 105 -106 signal)

KLOE, PLB 632 (2006)

Update with x5
available statistics
(to be started).

KLOE results: set XBR(i)=1 and solve for T,
Fit to BRs: use unconstrained BRs with dependence on T,

Lifetime: measurement from an independent
sample of 8.5x10° K; »n’a’n? events; Update with x5
uniform reconstruction efficiency over 0.47, . sl seiteies

KLOE, PLB 626 (2005) (work in progress).

5 kaon@KLOE — B. Sciascia — FlaviaNet, Orsay, 14 Nov 2007




K, lifetime: update with 2 fb

» Same technique used for the
DIRECT measurement on
2001/2002 data (K; »>@'n’x0).
 Factor x5 in statistics: at
least a factor 2 better wrt the
published stat. error (0.17 ns)
* Syst. error dominant (0.25 10
ns). Aim to at least a factor 2
better.

» Bkg less than 1%, in FV.

10

2

10

1) Improve quality of the neutral vertex
algorithm (better agreement wrt MC).

2) Improve clustering algorithm

3) Study of background at the edge of
FV (mainly K; >t 7 and K| nuclear
interaction) allow to extend the fit range

(at least 27 ns instead of 24.8 ns)
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K* BR and lifetime measurements

Absolute BR(K* ;) and BR(K* ;), tagging with
K*— utv and K* — ;8 measurements in total, each with 10°

KLOKE final

ArXiv: 0707.2532

K* lifetime using two different methods:

T, from the K decay length, T, from the K decay time, using
using tagged vertices in DC vy from K* — 7 *nt® decays
T,= 12.367(44)(65) ns T,= 12.391(49)(25) ns

KLOE preliminary

ArXiv: 0705.4408

Absolute BR(K* - 7z9. Use K~— LV to tag 2-body
decays. Count K*—n*n? from decay-momentum spectrum.

KLOE preliminary

ArXiv: 0707.4631
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Measurement of the BR(K*—n* )

PDG fit ‘06 BR(K*—mn%) = (20,92 = 0.12)% ABR/BR = 0.6%
CHIANG ’72 BR(K*—m*rn?) = (21,18 £ 0.28)% ABR/BR =1.3%
this decay enters in the normalization of BR(K*13) by NA48, ISTRA+, E865

x 10

~4000
(15

o . _ § [ . NTCTC(ﬁt) = 818347:|:1912
Tag Wlth K %},L_V decays. 3500 j eV/bln N — 12113686

* Determine the momentum of the
charged decay particle in the kaon rest
frame assuming m_: p*.

» Selection efficiency measured on data.
 Count K*—7ntn® events fitting p* o0 |
distribution with three contributions: uv ’
and ntnt® peaks from data control
samples, 3-body decays from MC.

tag

3000

2500

1000

500

BR(K" — m'm(}) = (20.658 % 0.065,,+ 0.090, )%

—1.3% respect to PDG 06 0.~ 0.5%
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Impact of the new BR(K™—n* 7°)

0.214
[ Impact of the KLOE preliminary
0.212 | & CHIANG 72 measurement wrt PDGO06 fit value on the
[ i BR(K"3):
0.21 - - measurements normalized to K, decays
0.208 ' 1 T - comparison with absolute BR(K*;)
' measurements from KLOE
0.206 [
52 - BR(K,,) E 34 - BR(K 3 Iy
, f I
, ; } ,
5.1 ®
1 | 3.3 ¢
5.0 - i ’ I
T I e using PDG06 BR(Km2) 39 - I e using PDG06 BR(Km2)
ol | < using KLOE BR(Km2) j + using KLOE BR(Kn2)
- KLOE NA48/2  ISTRA+ & 3.1  KLOE NA48/2
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) FlaviaNet fit to K* BR and t,. @KAONO7

* Not possible to fit only new K* data (unlike K, ) @KAONO7
« Only K¢3, K£3/ntn?, Knn®n® and Ku2 measured recently

- K£3 and ntr® highly correlated in fit

- New measurement of Ttrt® is crucial

0.045

_ BR(K*— TC(’eiV) _
PDG 04 ——
PDG ’06 e
Kaon07 el
BT
~ BR(K* > ptv)
PDG ’04 —
PDG ’06 -
Kaon07 -
! ! |

0.62

0.63 0.64

__ BR(K* — mlutv) _

KLOE prel.

PDG 04—
PDG’06 —*—
Kaon07

——

0.03

0.035

~ BR(K* > %) __

——

PDG ’04
PDG ’06
Kaon(Q7

——

+

0.195

0.205 0.215

Fit rests heavily on
Chiang (no radiative
corrections, 6 BR
constrained by
>BR=1, correlations
not available).
BR(mt*ttnt") needed
to remove Chiang.
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KLOE in prog.




Measurement of BR(K*—7*7x'70)

PDG fit ‘06 BR(K—mtnnt) = (5,59 £0.03)% ABR/BR =0.5%
CHIANG 72 5330 eyts) BRIK—n™) = (5,56 £ 0.20)% ABR/BR = 3.6%

e Tag with K*—>u*v or K*->n*n?.

* Obtain the signal K path from the
tag K track backward extrapolated to
the L.P.

« Signal: require two tracks making a
vertex along the K path before the
inner wall of the DC.

* Look for the signal in the missing
mass spectrum (~m,?).
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Measurement of BR(K*—7n*n'77)
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MC | 1400 | data 1|
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Including tag and selection efficiency expect ~10° events (with ~2 fb!);
statistical relative error at the permil level.
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. Standard method: fit t-spectrum, t=(pg-p,,)>

* Difficult /L separation at low energy — problems in keeping low systematics on
A, (at the end of spectrum: +1% in signal counts implies +15% in A,).
* Fit E, spectrum: lose sensitivity x2-3 on 6,,,(A,); becomes x1.3 if combined fit

with K, e3.

Obtain A',, A",, and A, fitting K, u3 data

(correlation between A" and A" = - 99.96%)

N, = (22.3 + 9.8 + 3.7upet) x 1077
1 = (4.8 £ 4940 + 1-653151;) X 10_3
Ao = (91 1 5.95tat & 2.653&;1;:1 X 10_3

Combined fit with K, e3 results for A', and A",

)‘:— — (256 :|: 1'531:--’.11:. :|: 0~Q§5:~.’5t,:| > J.[}_dIL
)‘i{— — [:15 j: D~Tf:‘.ta,t :|: 0-45:.;53) K 10_3
Ag = (15‘1 + 1.8 = 1~351.;51;:| X 10_3
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K, ;form factor slope 4,
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K, ;form factor slope 4,

Scalar form factor f,(t) = fg(t) £.(0) extrapolation at Callan-Treiman point:

: Tk 1 B
folAkx) == ——+Acr, Acr =~ —-34x10
(Bux) =7 70)
%(AK,[) 1s evaluated fitting K, u3 with a dispersive parameterization.
=~ t Y

KILOE __Em @
To fit we use a 3™ order expansion NOT

(coefficients from Stern et al.) ALLOWED
Combined K; m3 K, e3 fit results:

AL = (257404, +04. ., +02 103
+ ( 2. stat ‘175}51; pard.m) X |
Ao = (14.0 £ 164400 & 1.3 + 0.2,500m) x 1077

Il
From CT, using {,/f.=1.189(7) [HP-UKQCDO07]
obtain f,(0)=0.964(23) J£0)

09 09 1 105
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FFe3 and FFu3 using K*

* No ambiguity on lepton charge
assignement (for both Ke3 and Ku3)
* No T—U ambiguity because of ©t°
presence

— Fit of t spectrum, t = (p(K)—p(n?))?

 Using BR selection expect 2.9 M of
Ke3 and 1.9 M of Ku3 in 2001/5 data.
- Modifying the tag wrt the BR(K(3)
measurements, we expect:
Ke3:uptoSOM
Ku3: up to 2.5 M
Respect to BR analysis, need to improve
purity at a cost of some efficiency.

Analysis just started,
very good perspectives
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Lepton universality from K,/K ,

SM: no hadronic uncertainties (no f,) — 0.4x107

In MSSM, LFV can give up to % deviations [Masiero, Paradisi, Petronzio]

NP dominated by contribution of ev_

['(K—ev )+T'(K—ev ) VeViVe
R =~
K [(K—uv,)
with effective coupling:

£ M7 31, 2,

eH p, — 2= AZ tan™/3
V2 My " "

Il’lK4 mrz

AR, [ tan®B]

~ SM
> Re R T

1% effect (A%, ~5x10, tanf~40, m, ~500GeV) not unnatural
Present accuracy on R, @ 6% ; need for precise (<1%) measurements
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e K 2 result @KA ONO7

ArXiv: 0707.4623

Clark, 1972 . 100-
] Ql
Heard, 1975 —_— A =
] S
: ~—
Helntze, 1978 —
: 80-
J ol
NA48/2 (2007 ——
' ; 60-
KLOE | e J

21 22 23 24 25 28 27 28 129

MK, /K ) 1079 B 2, =000l

A, = 0.0005
95%-CL excluded regions in the N o000l
[
tanf - My, plane, for Ry = (2.55 £ 0.07) 10°7
A, =103, 0.5x1073, 10~ My, (GeV)
200 400 600 800 1000
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f‘”‘ KeZ - persp ectives toward 1% error

Present status To complete analysis

1.1% Signal counts/1.7{b"! +30% of data under processing
+40% w recover of prompt K decays
0.7% Bkg subtraction X 2 rejection from kinematics

1.4% MC Bkg statistics X 2 MC stat under processing

1.9% stat error

1.5% incomplete PID CS x 4-8 CS stat available, loosen PID cut
coverage ~ 0.5% using all data

0.9% one-prong CS stat Better control of trigger variables
0.9% TRG minimum-bias stat

2.0% syst error

Will push error @ 1%: final result will be compared with P326/NA62
measurement (more than 100k events) [R. Fantechi, EPS HEP 2007]
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Conclusions

|V, /+(0)| determination using K{3 decays:

World average at the 0.2% level using five K£3 modes.
Good compatibility between different modes (y?/dof = 2.9/4).
KLOE goals for the next year:

— K, lifetime, aiming to reach 0.2-0.3% accuracy

— BR(K(€e3) , aiming to reach 0.6% accuracy

— BR(K*>7m*nn™)

— Form factors of semileptonic K*.

Rg:
KLOE can reach ~1% accuracy.
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Additional
information
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21

2) All experiments but NA48 K,

Slope parameters X 103 Integrals
I(K* 0.15892(21
A, = 1.59 4 0.36 (Kre3) 1)
I(K%u.3) 0.10268(20)
= +
b 16.0120.79 I(K*u3) 0.10565(21)
yi/ndf = 12.2/10 (27.1%)

ALI(KP3)] = 0.6%! ... but Ke3+Ku3 average gives A[V f.(0)] =-0.08%
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V. /N . from K,

Marciano ’04
NK* — ﬂiy(f},)) _ \Vuls\zf% mpg (1 — mﬁ_/m%{)z
D(r* — pTv(y)) Vaal? f72mx (1 —m3 /mz)?

Uncertainty from SD virtual corrections

x 0.9930(35)

HP/UKQCD *07 filf..=1.189(7)

preliminary N,= (2+1)

arXiv:0706.1726 stag

Cancellation of lattice-scale uncertainties

PLB 636 (2006) BR(K" — p*v(y)) = 0.6366(17)
Uses K~ — WV to tag 2-body K decays

Counts Kt — utv from decay-momentum spectrum

V./V,,=0.2323(135)
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V..,V andV , /V

~ V., Fit results, no constraint:
0.23 |
V. ,=0.97371(26)
y.J Vi V. =0.2252(10)
I w2/ndf = 0.85/1 (36%)
\— fit with
q unitarity
0.225 - fit = | Fit results, unitarity constraint:
\
II V., V,,=0.97405(17)
2 v, =0.2263(7)
% x2/mdf = 3.8/2 (15%)
0.97 0.975 V.

Agreement with unitarity at 1.5¢
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K, sensitivity to NP

Pseudoscalar currents, e.g. due to H', affect the K width:

Me m> ’
1tan25( - ) 24} forM=K,

My+mMgq /) My

['(M — ¢v)
FSM (M —>€L’)

Hou, Isidori-Paradisi

Expect 0.4% effect on K/7 ratio wrt SM

The above effect is observable through
measurement of V (K ,)/V (K;)

-
“““““““““

B 95% CL from K—pv/n—uv

Key issues to improve: K ,; ff 95% CL ffom];[m’ GeV)
and Callan-Treiman B .H.( €V)
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Lepton universality from Ki;

For K, and K* evaluate:

C'R"“'E-)C'bﬁ 1_‘;_!,3 e (l T '565) HL}’;LS| f—(oﬂii obs Q_EE

C_Ry.ejﬂh'l B FeB | Ip,B (l - '5;;3) [“’;us .f—{— (sz N 95

/led, obs

Using only KLLOE results get accuracy ~0.004:

K, g g2 =10054(44)  cfr with g %g?=10232(68) [PDG04|
K* g 2g2=0.9924(54)  cfr with g %g?=1.0020(80) [PDGO4]
Avg g /g2 = 1.0005(38)

Compare with
TV gg2=1.000541) [PDGOT]
T— v gluzlge2 =1.0034(30) [Erler, Ramsey-Musolf '06]

By averaging, can test equality of weak coupling for e and p at 2x1073:
K, 7Tt guz/gez =1.0019(21)
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K, ;3 form factor slope 4,

2

K, tagged by Kq — ' nt-

Bkg rejection of mrn-, mtnn® and Ke3
from kinematics cut on E_. (75, 107) P isss
and Emiss(n+9u_)_pmiss

Contamination reduced to 1.5% using ToF
and NN trained on E/p and cluster shape.

p—

1.00 ;
JF Purity

d=

E]‘J"J{HH.(lu Tf)- Piiss (MEV)

+
+

0.95 [ N

| N - IIIIjI' i il |
=13 =14 3 0 5 10 15 20

_-|-+ Emiss(n”)' pmiss (M@V)

(.90 -

E, (MeV)
N I NN S T AT ANV BT N N
020 40 60 50 100 120 140 160 150 200

n/u ID with ToF is difficult at low energies A, slope by fitting the E, distribution
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Searching for K ,, (@ KLOE (1)

BR(Ke2)=2x10-, expect 4x10* events in KLOE data sample (2.3 fb!)
perfom direct search for Ke2 without tag — gain x4 of statistic
search for a vertex inside the Fiducial Volume (40<p,,<150) cm
cuts on track quality for K* and secondary tracks cuts on vtx quahty

"f Cuts applled

'”"; Ke2

10°

B/S(-3000.<M?, <3000.) = 10.

] LLUH L

.l i. i h Ll

Sﬂﬂﬂﬂrm—{}} {}ﬂ{}lﬂﬂﬂ- 1 Dﬂﬂ 0 ] D{}ﬂ 2[]{'!{} Eﬂﬂﬂ' 4()[]{) 5 ﬂﬂﬂ'

10

kaon momentum is measured with 1% resolution M2 (MeV)?

close kinematics —we get M,
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Searching for K ,, (@ KLOE (1)

PID exploits the granularity of KLOE EmC shower profile along the particle path
variables used: E?,q =X, y(E(1)-<E>)?/N, E/P, cluster shape

DATA

‘Data before PID
o ¥Data after PID

Fibers direction view

o]
E(2 . 4 / \
E(l) . ; Ke2(y) / S ]
kS /!
o
10 et B/S(-3000.<M2, <3000.) = 2.

. | L | L 1 L 1 | : | L
—'I[]DE]D -5000 4] 5000 10000 15000 20000 25000

signal efficiency 0.647(6) M2, (MeVic))?
background rejection ~ 300 N
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event counts: likelihood fit of M , VS E
1nput. MC shapes for K

K 2szgnal event counting

e2(7)

and background

fit parameters: # of K , and background, get 8090+160 observed evts

120

100

80

60

40

RMS

(MeV)

Data

0000 8000 6000 4000 -2000 O

leep (MeV?)

2000 4000 6000

H 40

—130

1200}

400}

800/

e Data
°MC Fit
- MC bkg

RMS (MeV)

800 |

400

ol

-

M2, (MeV?)

4000 -2000 O 2000 4000

correct for ratio of K, and K, , trigger and vtx efficiencies, and for PID K, efficiency
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Fit to K, BR and lifetime measurements

FlaviaNet fit
18 input measurements:
5 KTeV ratios Parameter Value >
NA48 K ;/2t and I'(3°) BR(Ke3) 0.40563(74) 1.1
;‘( IE(I;EEN%; e BR(K13) 0.27047(71) 1.1
KLOE. NA4S T;Y’/‘MOB BR(379) 0.19507(86) 1.2
PDG ETAFIT for m*n/n°n BR(w'zwz)  0.12542(57) =
KLOE 1, from 3n° BR(7*7) 1.9966(67)x103 1.1
Vosburgh ‘72 1, BR(279) 8.644(42)x10# 1.3
BR(» 5.470(40)x10* 1.1
1 constraint: YXBR=1 T, 51.173(200) ns 1.1

30

v/ ndf = 20.2/11 (Prob = 4.3%)
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Fit results to K* BR and lifetime

31 input measurements: FlaviaNet fit
5 older 7 values in PDG Parameter Value S
2KLOE 1 BR(uV) 63.545(132)% 1.2
KLOE BR(uv) BR(779) 20.656(100)% 1.3
KLOE Ke3, Ku3 BRs BR(zz7) 5.5962(303)%
ISTRA+ K /mm’ BR(Ke3) 5.0758290)% 1.3
NA48/2 Ky/nn’, K /u 7’ BR(K19) 3.3656(280)% 1.7

K, ;/Kdal BR(7779) 1.7614(226)% 1.1
6 Chiang “72 BRs T, 12.3840(193) ns 1.7
3 old Tn%pv -
2 old Ke3/2 body % ndf =52/25 (Prob=0.11%)

3 Ku3/Ke3 (2 old)

2 = 0
3 old + 1 KLOE results on 37 Improves to x*/ ndf = 35/21 (2.7%)

with no changes to central values or errors, if 5

older T, measurements replaced by PDG avg
1 constraint: X BR=1 (with S=2.1)
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