K decay measurements with the KL OE detector

Claudio Gatti (KLOE Collaboration)
LNF INFN

XXII Rencontresde Physiquede LaValléed'Aoste Feb. 2008



Precision test of SM with kaons
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Precision test of SM with kaons

Believe in SM coupling to W: Test the presence of scalar and right-handed
currents and presence of new gauge bosons.
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With recent precise experimental results and progress in theoretical predictions
(lattice QCD, ChPT ...), kaon physics allows us to test the Standard Model at
permil level, and probe new physics at the TeV scale.

C.Gatti - La Thuile 2008



Semileptonic kaon decays

Short distance EW correction

L decay

?3\/‘ Long distance EM correction
GZ
F(K|3(y)) = 192]73 K<5|Vus‘ @)@ @)

Form factor at zero momentum transfer

SU(2)-breaking correction

Phase space integral

For the extraction of |V | we need to measure

[ (K13): from measurement of BR’sand li

fetimes.

|,,: from measurement of the t-dependence of form factors.
All measurements taking into account radiated photons.
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L eptonic kaon decays

Ratio of K and 1t decay constants

EM correction

u2(y)) |VUS‘ m (1 m /m )
r( o) Mal Um(l m/m)

Precise determination of theratio [V J|/[V 4 from K, and 1t,, decay width.

Combine measurement from K ,, 1,5, K3, K| 5 and from nuclear 3 decaysto
test electron-muon and lepton-quark universality and the unitarity of the CKM
matrix.
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The KLOE experiment

Electromagnetic Calorimeter (pl/sci)
o(E)/E = 5.7 %/VE(GeV)
o(t) =57 ps'VE(GeV) O 100 ps

S.C. coil

Barrel EMC

o(xX)~1cm
Drift Chamber (90%He 10% isobutane)
o,/p = 0.4 % (tracks with 8 > 45°)

g, Mt = 150 um (xy), 2 mm (2) :
O-Xvertex ~ 1 mm I—I
M)~ 1MV R REGRIR
K*K- K .K : :
BR~50% BR~30% :_n:tzgéa}tscj luminosity
p=127 MeV p=110 MeV :
A,=95 cm A=0.6cm A, =340cm About 2.5x10° KK
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Simulation of the final state photon

Enriched Ke3 sample Direct measurement of E, in Ke3
10= t entries/3MeV 103F .
E » [ entries/4.5 MeV | signal
10 ‘ -Data Mg . | ke3y-out
F B Background —_—

| K,
101 I:Kes ¢ Data
g 0%
102}
10 iiv"""“
10
]_—\|\|||\||||||\||||\|||\||\||| IR sl o A S O 1 [T1
-150  -100  -50 0 50 100 150 0 20 40 60 80 100 120 140 160 180
Emiss_ pmiss (MGV) EY:k (MEV)

Emission of final state photon included in the KLOE simulation.
All measurements are inclusive of the final state radiation.
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K tagged by K¢ > 10T | | K tagged by K| K*tagged by K-> pv, 1ot

Interaction in EmC
Efficiency ~ 30%
o(P,) ~1MeV

Identified by the secondary
particle momentum in the
K rest frame: p'(m.)
Trigger from the tag side.
E1o5~10%

Absolute BR's: BR=N /Ny,

C.Gatti - La Thuile 2008




K. sdecaysand K lifetime

Events/0.5 MeV !

200
8000 K, =’n’x’
K., o Data 2 15 million ev
6000 K, .
T ] i B
! wn
4000 - AL + 100
l 8 T
2000} A O
Y T t* (ns)
3 ns
v . v L | I I I l |
~150 —100 -50 0 50 100 5 10 15 20 25 30 35
Ayz  (MeV)
13%x10°6 K, tagged decays. Measurement of T,

BR for 3P, e, Ke3 and
Ku3, identifying photonsin
the calorimeter and fit to
Emiss_pmiss from Prrk:

T, measurement from BR
dependency on FV
ABR/BR=ATt, x0.0128 ns'[]
>BR=1

from proper decay-time
ditribution for K =
3re.

K, vertex from photon
time of flight and K
direction.

8.5 million decaysin
~0.4A, .

800}
600}
400}

200}

L Evts/1 MeV

e Data
- Signal - MC fit
Bcekgnd - MC fit

miss

400 x10° KK,

BR for K> 1ev

PID from time of flight.
13,500 Ke3 events

sel ected.

Fitto EEnﬂssfF)nﬂSS'

First measurement of
the charge asymmetry
A=(1.5+10)x103
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K, sdecaysand K lifetime

Other KLOE inputs

_|BR(Ke3)  0.4008(15)
3| BR(KW3)  0.2699(14) | ~46000 o~ w 2009w
S| BR(3®)  0.1996(20) . wl o
T IBR(TT™®) 0.1261(11) wi
3| BR(TT)  1.964(21)x1073 A w1y
“<| BRO®r®)  8.49(9)x10 ; f****“ - -
BR(W) 5_57(8))(10‘4 : R 10?535040.3 450 500 550600 65500
T, 50.84(23) ns \/Emlss - PP (MeV)  (MeVic)
BR(TTT)  69.196(51)
BR(®)  30.687(51) BR(K <> TT(Y))/BR(K > T010)=2.2549(54)
* 517(58)x104
SEEE;;’)) ;’ 538((528))X 184 BR(K, - W)/(K, - 3m9)=0.00279(3)

Only non-KLOE input BR(K_ - mm)/(K | - 1v)=0.007275(68)

BR(TO10)/BR(TT'TT)=0.4391+0.0013
PDG ETAFIT

All correlations taken into account

The sum of measured K BR's is
2 BR=1-5x10*
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Kt=>utv,

From 4 million tagged events. sl EXMeVic
Found ~865,000 Kp2 eventsin
225<p"<400 MeV

Absolute BR.

Counting by fit to p” distribution.
Signal and background p’-shapes, and
efficiency from data control samples.
Small correction from MC checks, 10°F =
negligible dependence on 1,

data

b MoV /o)

180 200 220 240 260 280 300

BR(K*>pv(y))=(0.6366+0.0017)

Same method used to measure BR(TT' ).

BR(K*>TrT(y))=(20.65£0.054,+0.08, )%

-1.2% of PDG 2006, shifts NA48/2 and I STRA+ KI3 measurements
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K* lifetime

1
1
1

With 12 million tagged K, use 2 methods:
K decay lenght t'= 2. AL/ (Y« [«C)
from DC info, taking into account de/dX.
K decay time  t'= (t,-L,/C)/y

from calorimeter info, measure photon

time of flight.

1,=(12.347%+0.030) ns
1./T, = 1.004+0.004

PDG average 12.385(25) ns but CL 0.2%

40 3_<103
- events/ns K decay lenght
20:— *,' ® data
00 -.-0_’  fit
- + 1,=(12.364+0.044) ns
- -
- .
605— %,'
20[ Fit range Ste.
0 L ‘ <| . | ) ) . | | 1 ) . s
12 20 30 +(ns) 40
80K =
-events/ns '
70K K decay time
ok f_', e data
: fit
50k= °
I &
40kE % 1,=(12.337+0.036) ns
30K - ®e,
20k - e,
- 2.3 T, %o
10k - *oeee,,
o [ <——flliande = L W
10 20 30 40 r* (ns) 50
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K* semileptonic decays

== .y

NH LY A L
f‘%_ _.-_";7‘7‘
pagas HEpys

60 million tagged events.

Apply kinematic cuts to regject
background. Reconstruct photons
and measure t,, from tof.

Measure lepton mass from tof and
track momentum measurement.

[ Counts

L 2 :; ]{} b D-ata
20,000 [14MeV? i1 Fea =
10,000 - ¢ P
EO 2
J ﬁ\ﬁ(Mevz)
1 ol 1 | 1 1 1 1 1 1 1 B,
—10,000 0 10,000 20,000 30,000

2

C
= pﬁL_z(tl —ty )2 _1}

Counting from fit to m? distribution.

300,000 Ke3 and 160,000 Kp3.
Using lifetime from KLOE:

BR(Ke3)=(4.972+0.053)%
BR(K13)=(3.237+0.039)%

C.Gatti - La Thuile 2008



Form Factor; K%3

High purity Ke3 sample, 2 million LU T DataFit e
events, selected by kinematics and time L8 ™ -
of flight. 0% _
et by tof >measure t=(py-p,)? 4 |-entries/10 — Fit
| ndependent measurement for the two i
charge modes. 3T
K e3 sengitive only to vector FF. 5 [
2
~ t 1 t I
f, (1) :1+AL—+—AZ[—) LT B @ t/m?2
m, 27 (m o

0 1 2 3 4 5

N, =(25.5+1.5,,+1.0,,4)x10°3

Pole parametrization: P(x?) ~ 92%

A", =(1.4+0.74,+0.4  )x103 M\ =(870t64,%7,¢) MeV

Correlation —0.95
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Form Factor: K°u3

1.8 million Kpu3 selected.

Sensitive to both vector and scalar
FF's.

Bakground regjection with kinematic
cuts and tof.

Difficult TV separation: Fit to E,
spectrum, less sensitive (errors 2-3
times larger) > combined fit with Ke3
data.

Large correlations. impossible to
measure A,".

A,=(15.442.2)x103

x2/ndf =2.3/2

0.02

-0.02

30000
60000
40000

20000

N J{ (Data-Fit) /Fit
'I' +.1+ ++lll+| |-l-
'|-|- -|-'T'I"-I- T ++'|' -|-
Events **'H‘-—' Fit
B B * e Data
3 E, (MeV) =
2[] 40 60 80 160 1l2() 11140 160. 1%50 200
)\I+ AH+ )\0
1 -095 0.29
1 -0.38
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Form Factors

New parametrizations based on dispersive relations (Bernard, Oertel, Passemar,
Stern) and KTt scattering data: f, and f, depend only on parameters A, and A,
respectively.

A =(25.7+0.6 444/ ) X103 x2/ndf =2.6/3
)\o:(14-012-1sta¢+syst )x103 Correlation —0.26

Phase-space integrals change by 0.04% and 0.09% for Ke3 and Kp3.

Test of lattice QCD

Calan-Treman 4

folter)=fk/ it Dy folter)
At O(103) (Gasser, Leutwyler) £.(0)
f./f =1.189+0.007 (HPQCD/UKQCD)  *

fo(t)

K>y

t

- ' ' >

m?  (Memp?  ter=(m2m,?)
Compare with f,(0)=0.9644%0.0049 (RBC/UKQCD)

f,(0)=0.967+0.025
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KLOE main publicationsrelated to V
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f.(0)x|V 4 from KLOE results

~

K o 0.2155(7) L O Vusl_ 1 e

Kis 0.2167(9) . K,

Kes 0.2153(14)

K, 0.2152(13) - Bses

Kty  0.2132(15) ] K,
Ki

=
w

f,(0)x|V J=0.2157+0.0006

0.213 0.215 0.217

All correlations taken into account
Only non-KLOE input T, x?/ndf =7.0/4 (13%)

Comparing charged and neutral K decays. 6SU(2)=1.67(62)% (theory 2.36(22)%)
Test of lepton universality:

L)XV, g2 r,,=1.000+0.008

2 2
f.(0) xVus‘eg e From ttand T decays 2> +0.4%

e =
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Test of CKM unitarity with KLOE results

. | Vs |

Jsing . 0.052
From lattice QCD: K->uy
f,(0)=0.9644+0.0049 (RBC/UKQCD) . >y
f./f =1.189+0.007 (HPQCD/UKQCD) ~ *°

From 0*->0* nuclear 3 decays

IV 4|=0.97418+0.00026 0.050 ;
And using I (Tt> pwv): N T— —
Crom S decays e

0.948  0.949 0950y,
IV J=0.2237+0.0013 Combined fit result:
x2/ndf =2.34/1 (13%)

V 47 +|V , J*-1=-0.0009+0.0008
V1V o IV /=0.2249+0.0010
From Kp2: IV 4|=0.97417+0.00026

VIV ,4*=0.0541+0.0007 IV 2+V ,J?-1=0.0004+0.0007

Unitarity condition verified to 0.1%
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Bounds on new physics from K|, decay

From previous results:

_[Ve(Kp) Vg (0" = 0°)
= Vus(KIS) Vud (ﬂ,uz)

Unity in SM, affected by presence of scalar or
right-handed currents.

R _1_m§+ 1_m,2T+ tan® B ‘
= m&l+ m§+ 1+gotan18‘

(Isidori, Paradisi)
We obtain:

R,;=1.008+0.008

80
&
=
3

60

20k

Charged Higgs mass (GeV)

95% CL from K-uv/m->uv

100

200 300 400

This places bounds on the charged Higgs mass and tanf3.
Competitive and complementary to B decays.

5

00
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Bounds on new physics from K, decay

R:=(K=2>ev)/ T (K>uv) ,
Accurate SM determination (0.04%) LEV 3112, 6
New physics effects up to 1% R = RK 1+_§ﬂ2‘AR‘ tan ,8}
(Masiero, Paradisi, Petronzio).

BR(K—>ev)~10> at most 4x10* events. No tag requested.
Background from K2, selection using
DCinfo (M%) and calorimeter PID:

120

o 1200

70

Erys (MeV)

100 |-

1 400|

30
L - 50

60

|1 & 800}
{30 '

0 ;‘Fit region

> 400 §

L JL AN

—q0000—8000—6000 4000 2000 0 2000 4000 6000 -4000 _2000 0 2000 4000

C.Gatti - La Thuile 2008



Bounds on new physics from K, decay

100+

Preliminary KLOE result with~8100 &
observed events: s

R=(2.55+0.05,,0.05,,4)x10°

30—

60-
We place bounds on the charged Higgs mass
and tanf3, for different values of the depton-
mass matrix element A, ..

B 2, =000l

" A, =0.0005

40-

A, = 0.0001

Ry = (2.55£0.07) 107

g e TR T 200 400 600 800 1000

' = X M., (GeV)

SM: 2.477(1)x10> (Cirigliano, Rosell)
NAA48 preliminary: 2.43(4)x10°
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Conclusion

We have measured:

 All the BR’sfor K, Kgand K*

 The form factor parameters in semileptonic K, decays

e The K, and K*lifetimes

We obtain f,(0)x|V J=0.2157+0.0006 with 0.3% accuracy

Wetest lepton universdlity: r, = ¢,7/g,> =1.000£0.008

We measured theratio |V JV x f /f|> = 0.7650+0.0033 with 0.4% accuracy.

Using lattice QCD determinations for meson form factor and decay constants we
obtain:

IV =0.2237+0.0013 and |V J/V 4|=0.2326+0.0015 with 0.6% accuracy

Combining with afit these results with the evaluation of |V 4| from nuclear 3 decay we
obtain |V =0.2249+0.0010 with 0.4% accuracy.

First-row CKM unitarity is satisfied to 0.1% (0.60)

With our results we are able to exclude alarge region in the m,-tanf3 plane.
Preliminary results on theratio BR(K—>ev)/BR(K->puv) alow atest LFV and the
exclusion of alargeregion in the m_,-tanf3 plane.

Complete dataset must still be analyzed, we expect improvements for lifetimes, BR’s
and FF parameters, as well as from the theory side (Lattice QCD, ChPT ......).

C.Gatti - La Thuile 2008



LI B B B B BN B 1 7 T T 1 11 111 1111 |""|""|"|'
|
Lf-u,rp;_mur & Koos 34* 0.981(8) Quiark M. :'\-},:E? CE-PACS ——-—i— l l|_| 56(29) Wilson: a=0.05fm-=0, m_=500 MeV
| |
ernre e i .i_..i_i il_mz[:m] Wilson: a=0.11im->0, m_>500 MeV
g o R 1 9 £ 9
Bijnens & Talaveda pht 2 I v_p 9LQCD = i 1 s wilson:  m>s50mev
Samin et al = 0.874 (11} PT = disp. £ REC -|:|- i il.l??-[l 1) m,_>550 MeV
{?ﬂ"igﬂlﬂ‘ﬂﬂ ar E‘! _*- 0.584 I: 12 :I ?F'lr x "r HI” QCDSF— a7 i __.J— IIL’ |'}{2|'I]| Wilson: ITII__ =300 Mel
I e
L o gmMc-07 | | | —f— [1.227(26)TMQCD: m300Mev
‘xrﬂ SPQcdR * D.960(5) (7Y Wilson I : ! I
N2 i o MILC-04 } @=!  11.210(11) Stag. i
W= (o 3 { o a=0.06 fm - I
i REC * 0.96819) (&) b r T | ok Il-m?ml S . ahy
CE-PACS Q. *‘ 0. 96T IE) N=2+1 I I | | I a4 b AR, LI
wARL e : f NPLQCD-07 | , -|—q-{ I1.218,," DWF/stag.
CP-PACS ¥PT jifu 0.952(8) Wilson Lo e e ] e
QC‘DSF* . 0.9647 [15:':.““_ PACS-CS-0T+ I *I | II_.I{.[_.H] Wilson: |1'||_.='2|.r'.‘1E'~'. L|1'II_.=-2.':|
;.lh;r:g_*; P_Bc_macn_g?\i —P— i il.ﬁﬂi[lﬂ]
HPQCD - FNAL I—-—!-I 0.962 (11} Staggered HP-:-fi!D—TmQ-::'I'—-T? i -O-i | |L189(7) Stag.
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backup

UKQCD/REBC :
lavi ,ﬂ‘
_ L E!'lianzluﬂl WG

ISTRA+——
NAGS ——
KTev [
, | , | 1,00
0.8 0.95 1 1.05
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