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K.aon Pl/lgsias

** Precise determination of V
¢ Test of Lepton universality Ke3 vs Ku3

*¢* Most precise test of CKM unitarity
V[ +[V.| =1 |V, negligible

K, K->nlv . : . :
** Lepton-Quark universality of weak int.

Vector transition: only 2" order SU(3) 2 2
GE =Gy = (Vi + V)G

breaking [Ademollo-Gatto]

** Precise determination of V/V 4 ")
+* Test of Physics beyond the SM

e right-handed contributions to >
s charged weak currents
K, K—>2v e charged Higgs exchange
' (2 Higgs doublet scenarios)

(K, )/ ()

W

g

Helicity suppressed:
Sensitivity to NP enhanced ** Lepton Flavor Violation test with F(Kez)/F(Kuz)
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K.aown phgslcs(u)

¢ Set bounds on New Physics from Lepton-Quark Universality

New Physics extensions of the SM can break gauge universality in the form of tree or

loop level contributions to muon decays and/or semileptonic processes.

I.  Exotic Muon Decays would contribute to the muon lifetime
2 2 2 .
V| +|[Va| +|[Ve| =1-BR(exotic muon decays)

Provides best limiton ~ BR(u" —e"v,v,) better than direct search
ii. Additional Z’ Gauge Bosons contributing at loop level to muons and semileptonic
decays differently (Competitive with direct search) [ PRD 35 (1987)]
lil. SUSY particle loops affecting muon and semileptonic decays differently: constraints
on slepton-squark mass difference (x2-3 precision needed)
[PRL 75 (1995) , PRL 88 (2002)]

Present accuracy set bounds on the scale of New Physics Ay at 1-2 TeV
2 2 2 5 7.2
Vil +[Vi| #[Va| =1 +ep e * My /AL
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from KLl3 rates

I/LS

R . ‘K ' - . )
f— ! rd ﬂ
r(-[&.-"}:j'].J 19273 ‘SEW Ius J + ())‘
I ({3 k) (1 + 2A,5UQ) + 2A, EM)
with K € {K+, K%} 1 € {e, u}, and:
C.2  1/2for K+, 1 for KV
Inputs from theory: Inputs from experiment:
S . Universal short distance (K Branching rati ith
S rni ! g ratios wi
EW correction (1.0232) (Kisep) well determined

Koo _ _ treatment of radiative
f+ *7(0) Hadronic matrix element decays: lifetimes
at zero momentum transfer (t=0)

”()\') Phase space integral: As
1 1

A SU2)  Form factor correction for strong parameterize form factor
SU(2) breaking dependenceon t:
K;:only A, (or A, A,”)
AMEJ-I Long distance EM effects K, :need A, and 4,

KLOE has measured all relevant nputs for charged and neutral
Raons: BR's, Lifetbmes (K K ), form factors (FFs)

E. D¢ Lucid ~ KLOER Physics Workshop~ April 10th 20€9




To extract V

from neutral kRaons

VES

PLB 632 (2006)
BR(K_;) = 0.4008(15) 0.37% Based on 13x10° K, decays tagged by K.—>n*n~

BR(K ;) =0.2699(14) 0.52%

0.58% Fit the time dependence over 0.41, of 8.5x10°
Ty =50.92(30)ns  0.3537% K, =71’ decays tagged by Ks — w*n

(P. de Simone talk )
PLB 636 (2006)

BR(K,— mev) = 7.046(91) x 10*  1.3% From tagged K beam 1.2x10% events

JHEP12(2007)

L X100 A", x 103 A, =(25.6£1.5,,,£0.9, )x107
25.5 +18 1.4+038 /1 ”=(15%0.7,+04,)x10°
Based on 2x108 K, e3 decays Ay =(15.4+1.8,, +1.3 ,)x10?

PLB 636 (2006)

tagged by K.»>n*n - Based on 1.8x10° K, u3 decays tagged

by K,—»7n*n ~ and from combined fit with K e3 data
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To0 extract V

from charged kaowns

s

PLB 632 (2006)

BR(K* > 1 *v) =0.6366(17) From 4.2x10° $—K*K- tagged by K2 decays
0.27%
t£=12.347(30) 0.24% From 15x10° $—>K*K- tagged by K, decays

JHEP 02 (2008)

BR(K* — n%e*v) = 0.04965(53) 1% From 6x107 ¢—K*K- decays tagged
BR(K* —> nv) =0.03233(39) 1 >y by both K, and K, decays

PLB 666 (2008)

BR(K* — 7 70 (y)) = 0.2065(9) 0.43% From 20%x108 p—K*K- decays tagged
by both K", and K, decays
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I
| VH.,‘-T I ol — e
— o K3
. K.e3
3 K:e3

L
K3
L 1 L | 1 1
0.213 0.215 0.217

JHEP04(2008)059

0.2155(7)

0.2167(9)

0.2152(14)

0.2152(13)

0.2132(15)

0.7

0.6

0.7

All KLOE exp. inputs
but K, lifetime (M. prewcei talk)

Lepton universality

|f—|— U ‘us

9
3, exp 95
+ Vs e3, exp e

T = 1.000(8)
T decays: (rue) = 1.0005(41) (PDGO6)

T

T decays: (r,.), = 1.0042(33)

T

KLOE average |V, |f.(0) = 0.2157(6) x2/ndf=7/4 (13%) World Average 0.2166(5)

f, (0)=0.964(5)

|V..| =0.2237(13)

usI -

1- [V, 4|2- |V, ]2=9(8)x10"

|V,,| = 0.97418(26)
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\%

Vo ond Vv, . /V

us 7

IV, /V. 4= 0.2323(15) BR(K* — 12*v) =0.6366(17) (2006)

f/f=1189(7)

|V,.| =0.2237(13) from KI3 decays |V,4l =0.97418(26)
*Fitto |V 4|2, |V, |2and |V, /V 4|2 | Vaus | *F
|V, | 2= 0.9490(5) : “ao K—pv
|V, | 2= 0.0506(4) 0.051E N Ty
v2=2.3/1(13%) 3 Y
¢ Agreement with unitarity 0.050 _ K->mfy M"\N
1V, 2V, 2= 4(7)x10* @0.60 S,
0.019 f_lo‘ contour unitarity
¢ Universality of lepton and quark weak coupling to W ST ¥ T
G, =1.166371(6) x10° GeV-? 0.948  0.949  0.950 |y,

2 2
Gy = 1.16604(40) x10° GeV2  Gi = Gy = (V| +[Vi|)Gh
G., =1.1655(12) x10> GeV2 from ew precision tests

ew
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Lepton Flavor Violation:

R, =I'(Kex(y.))/ T (Kp2(y,.))

Re=I"(Ke2(y))/T"(Ku2(y,s)) inclusive of 1B only

< DE (or SD)= IB presently known with 15% accuracy

To achieve ~1% accuracy on R, improve knowledge of DE

10

« In the SM Ry calculated at 0.04% (no hadronic uncertainties)
RKSM—2.477(1) 10~ [Cirigliano, Rossell JHEP10(2007)005]

< Lepton Flavor Violation in the MSSM would enhance R, up to 1%
LFV appears at 1-loop level via an effective H*€v_ Yukawa interaction
dominated by ev,

u 7 I
R
4 @
ms- m= H* @
REFV ~ RSM |1 [ (—i’)( )|A13|2 an® j] e VB
Mg, m? L
[Masiero-Paradisi-Petronzio PRD74 (2006) 011701] s.d Vi v,
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R, : analysis strategy

* Perform Direct search for K_, and Kuz, no tag: gain x4 of statistics

e Select 1-prong kinks in DC, K track from IP & secondary P > 180 MeV
Signal events with E <10 MeV (no explicit photon detection)

* Exploit tracking of K and secondary: assuming m = 0 get leep (S/B~1/10)

* Particle Identification by Neural Network based | T ) 0’
on EMC information (training with KLe3 ) Jos (e -

. L NN | I Z
Signal count from fit in NN- leep oo | Ik =
Free parameters: - i K

normalization factors for Ku2 and
Ke2(y) including only IB with E, <10 MeV

s

i
|| 10°
I

' IIII-II
(to O(a,,,) and resummation of leading logs) ™ | 3 T
Fixed parameter: 0.7 III I
foe= 10.2% (Ke2 contamination from Jes | - |
Ke2(y) with E, >10 MeV ) .2 ||| .

Buto 5% SyStematICS on R from fDE (6 DE /DE 15(y)3[][][] -600 4000 2000 0 20000 4[]_[][] f-[I'{]
— dedicated measurement of Ke2(y) with E >10 MeV
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R, : fitting for K,, and K, counting

* Ke2 counts from two-dimensional binned likelihood fit in the NN- lee
plane with 0.86 < NN < 1.02 and -3700 < M?

1.2F

1 ;

0.8}
0.6

0.4/

0.2
10000

-5000

_ ENTRIES

0
M’

Using the whole statistics: NKe2(e*) = 7064(102) , NKe2(e™) = 6750(101)
* Ku2 counting from 1-dimensional fit of leep distribution without PID

lep

715860137

5000

(MeV?)

600

2000

400
1500

len

< 6100

p

L x2 = 113/112

FRFRFAN

- 0.86 <NN < 1.02

ll\L.

e Data
— MC fit
N\ MC bkg

2000

RPN A
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K ey amplitudes

negligible

dl'| K — ew =2F [m_
(dx ﬂ: vy J _ P|E:('r* _1'}+ psn{x,_‘r} + F'M _1'} j _ 5 E?’J;:i
Gl.la _ . . k

pSD{-L_‘r}= IEL;I: a.ru'l.r[[?'+ .4} _f5D+{.Y,_1']+[L’r —_{] _,?’SD_(-:.:_V}J

V. A: effective vector and axial couplings

E"r [ME"I}]
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Ke2y: stonal selection

* 1-prong selection -- NN>0.98 -- 1 photon cluster with E,>20 MeV in time with K
* Cluster times for photon and electron must be compatible

107

With this selction we measure Ke2y with: e data
E,*>10 MeV f
K .
cos6,,*>0.9 |

) 10° K .
p.>200 MeV

7 .
ped
' i

£.> 10 MeV
p, > 200 MeV
No sensitivity for Ke2y with p_<200 MeV (SD-) 1w°® _iji —

4
Acceptance for SD+ events ~90% ;::I{
SD- events ~2%

Residual IB events ~1% 10 J K,

£,2 10 MeV

7. = 200 MeV
Domlnant baCkgroundS: i} 10000 20000 30000 40000 S0000
Ku2 for M?#,,< 20000 MeV? and Ke3 for M?,> 20000 MeV? M, [MeV]

* Further reject Ke3 decays with AE, =E ""®—E “A (5% =12 MeV ;" = 30 MeV )

Signal count from 2-dimensional binned likelihood fitin M?_, AE /c in 5 bins of E,”
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ey spectrum vs O (p*) ChPT

We measure :'5_ S A sa
L sorRery) * o5 — O ChPT
- - E_ . [ IE ‘
(K ,5,,) dE, ;5, : + \
where “SD+" means: = 04 -
Ert > 10 MeV fﬁ, b
cosd, <09 5 : )
p." > 200 MeV g :
Summed over all bins in £.": : +
0.1
1"5D+{ K }_13?5"'53 F——
[ E— . T
lsp4(Kon,) 0 100 200 00
N(K, ) = 1.484(66),,(16),, x 107 E, [MeV]
Ll Y]

in agreement with ChPT O(p*) prediction, 1.447 x 10~3 [Bijnens, Ecker, Gasser '93]

KLOE MC implements O(p‘) ChPT for SD — used in analysis of R,
Validated to within 4.6% - systematic error on R, from SD = 0.2%
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R : the final result

Using the complete KLOE data set (2.2 fbl) we obtain; >/%/° P7Pe «“nder

Collaboratipn’s revision

Sensitivity shown as 95%-CL excluded
RK = (2'493 T 0'Ozsstat T 0.0195yst)X10'5 regions in the tanf} - M,, plane, for fixed
1.0% 0.8% values of the 1-3 slepton-mass matrix
RKS'\/| =(2.477 £ 0.001) 10> element, A, =103,0.5x103,10*
Systematic errors % stat syst
Reconstruction 0.4 0.4 §
Trigger efficiency 0.4 -
Background sub - 0.3
Ke2(DE) comp. 0.2 -
Clustering 0.2 W=7
Total 06 | 05 W =10’
Ayo=107
« Main contribution to systematic uncertainty '| Ay = (2493 +0.032) 10

200 00 500

S (&)

from control-sample statistics (0.6%)
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R, : Worla Avernge

World average: R = 2.498(14)x10” (0.56%) R, SM=(2.477 £0.001) 10°

Includes NA62 preliminary (40% data set): Sensitivity shown as 95%-CL excluded

R.=2.500(16)x10 (0.64%) regions in the tanp - M,, plane, for fixed
PDG'D8 #—— June'd9 average values of the 1-3 slepton-mass matrix
. Clark (1972) element, A , = 103,0.5x103,10"
. Heard (1975) g
ofd
Heintze {1976)
®
KLOE (2009)
T final result
NAG2 (2009)
i preliminary
Sh
II|IIII|I|||||||]||II|II I|IIII|II
22 23 24 25 26 27 28 ,
R,:<10
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summary § conclustons

Precision physics with Kaow decays to test the Standarad Model
* Today |V, |4 (0) @ 0.3F with KLOE (0.2% from World Average Fit)
< Lepton universality satisfied to better than 0.5%

unitarity of CKM matrix satisfied to better than 0.1% (| v, | at 0.4%)

<_Universality of Lepton and quark weak coupling from unitarity

andl set constraints on New Physics models
“ with Z7 and H* bosown, with Lepton Flavor Vielation
% Ry, at 1,3% from 1,4x10* Ke2 decays with 2.2 o data sample
+ I (Key; 10<€8,<250 Mev and p,>200 Mev)/T' (Kp2) at 4.6%
reduces from 0.5% to 0.2% the systematic uncertainty on R, from DE

which is also very itmportant for NAe2 R, measurement
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outlook : l/LV\JL\/eVsaL’LtM

*¢* Today with £, (0) @ 0.5% the accuracy on the unitarity relation of
the first row is

) V,, @ 0.4% from fit
G (1-V,4%-V,s?) = 6 x10° {vd@o.ozs%

** £, (0) @ 0.1% accuracy from lattice within few years

f+ (O)Vus VUS
KLOE today 0.28% 0.30%
(World Average) (0.23%) (0.25%)
KLOE + StepO (5 fbl) + World Average 0.14% 0.17%

* fil [ @ 0.1% within few years and |V, /V 4| @ 0.28% from I'(K,)/T(r,,)

** With |V,y| @ 0.02% and |V | @0.17% the accuracy on the unitarity relation
of the first row would improve by a factor of ~2

G (1-V,42-V, 2) = (3+4) x10°

IMDroVe constraints om New Phusics and interplay with other sectors
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