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1947: Rochester and Butler, KO —xTn— KT — gt70

.. .60 Years of hard work. ..

2008: KLOE first round, |Vi,4l? =+ |Vus|? 4+ |Vi|2 = 0.9996 4+ 0.0007
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Standard Model
9

\/EW&F(UL Vekmy“ D tepyver + vy +717%v- ) + h.c

There is just one gauge coupling g, Gp = g2/(4v2 M3,)
The quarks are mixed by a unitary matrix V

Quarks and leptons have the same weak charge
At the opposite extreme:

U d
dq, Ge, Gu, gt U=1lc], D= 2
t

V is not unitary V.o Vo
U us U

(But probabilities are V=1V Vus Vi
conserved!) Vida Vus Vi
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We can measure

ge VY g, Y g, Y

d S b
IV

With kaons, pions, nuclear g-decay, and muons we can measure

de, Gu, Yq, Vud and VUS
and check whether ge = g, = gq, |Vial® + |Vus|® = 1

5
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Decay Width

From (f|JaJoi) =
r(|AS|=1) = < Fa(emi) x Fs(si).

1. - kinematics, spinor algebra, phase space,

2. F5: Canmet turn off electromagnetis ~ainfull but
calculable. Few~S4 correction#6 .1% accuracy

3. F3: Strong interactiopsS~are hardest to compute,
can have large~€tfects, choose ™est processes, lat-
tice taQ e rescue!
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F> — Radiation must be included

m(y) = 0 = charge particles radiate.

Take for dample K¢—nT7n~. In the real world the emirfteraction
2

_ 70 T 70 o
gives '] . y | —oo for wa0. .
Tt T

The infinity is cancelled by an_ePRQsite sign contribution:

T - T 14 T 2
at at Y at Tt
1 + is finite but contains a correction of C’)(a X l0g - .
T m

wo IS finite and experimental acceptance dependent.
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Radiation inclusive branching ratios

Inglusion (or exclusion) of photons does affect event acceptance.
It is MQdern practice to give results fully inclusive of rgefation
up to the RMgematic limit. This requires correct ge€ounting of
radiation in the MQnte Carlo detector simulatjeft program.

In the KLOE MC simulatieg, Geanfi#adiation is included at the
event generation level, event b¥€vent. In the following, even if
not explicitly stated, BRs ar¢ totally Mgclusive of radiation.

BR(K—>f(”y)) Ands for BR(K—>f, ™0 <w< wmax)

I will also just use BR(K—f)
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F3 — SI — Hadrons vs Quarks

Nuclear 3™secay. Look at 0T —O0T transitions. No axieT current.
CVC helps with™yclear matrix elements.

|AS| =1 decays. Corr&sgions to

(fBsxl7)
appear only at 2"9 ordepAfi ms — m,. ANG theorem.
Kaon semilepto#ic decays. K — wlv 0 —0.

Only vecter part of current contributes to

(m|u yasL | K)

(Tluyas|K) = f+(O) (P +pla+ [-(E)(P —pa
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Vector Current is protected
/

p \k k
m v algal) =[O x (P4 p)a Fr 0+

- ~ A
5 o= Ppe et K (P~ D (Folt) = F+ ) )
{=e, 1L A = M? —m?

Form factor because K, w are not point like
Scalar and vector FFs equal at t=0 (by construction)

Factor out f4(0). f4(0) <1 because K #

f+(0)]—1 <1 (0.04) — small SU(3) breaking

f+(0) = fo(0) =1
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Decay Width

C2.G%M?
M (K3(y)) = l7(68F7T3K SEW‘|VUS|2 f—l—(0)2|IK€

192 SU(2) EM
192 x (14037 4+ o))
C% (1/2) for KO(K*); Sgw = 1.0232(3), EW corr, S#Tin

Iy Phase™pace integral

5792 (%) L~ FEM(%)

Define Q +0.57(15)
f+(0) as 36(22) || +0.08(15)
A (%) 0 +0.80(15)

35%22) | +0.05(15)
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Phase space integral, K.3

E.E, k-k
2 : 2 2 ~2 4 e v

GQ CQ M5 Q;M(z)
= K/ dz f(¢ 24z 4+ 22— 1)(1 —z) — o) dx
768 73 o W
Trco
With 768 in the denomirfator, f(t)=1, alMjpal state masses zero:
IKE — ]_O

7638 correspdnds to 192 in muon decay rate. [Ig, is dimgnsionless.

2F¢ 2F, 2E 1 m

L — s Y — y & — y O — —

M M M M

End of introduction
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An ete~ collider operated (mostly) at W = My

4

e o \{Ks—l—KL 34.0% tagged Kq,Kjbeams
KT+ K~ 49.3% tagged Kq,K;beams

= Tagged, monochromatic, pure Kq, K7, KT,
K~ beams

BR(Kg — mlv) = (7.04 4+ 4.69) x 10~%  “difficult”
BR(KT — mfv) = (4.984+3.32) x 1072 “so so"

BR(K; — mlv) = (4.06 +2.71) x 101 “best”
e T

KLOE: measure all BR, lifetimes,
FF parameters == N(K; — f)
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S.C. COIL

Cryostat
K LO E Barrel EMC

Paolo Franzini

6 m
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The Kg beam

300 $=0.2133
0@8):0.0039
200_ or ~J 0 f h K -
6(1)=700 ps 50% of the K;-mesons
reach the calorimeter where
Mmost interact. Since
100 B(K9)~0.2, we identify kaon
interactions by TOF.
1 By
0.20 0.22 0.24

OW(DADONE)=1 MeV
gives 03=0.004
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Kg — mer, 2005

+ Evts/1 MeV
800 | f ety
- t
| + e Data
600 | 4 Signal - MC fit
I Bckend - MC fit
B Bckg
400 | by

200 |

'CMD-2 99

Events

40

~13,000 signal events
BR(Kg—mer)=(7.046 £ 0.091) x 10~4
['Vus| to 0.7%

30

20

10
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BR(K.3) + BR(K,3) + BR(K —» 31 +BR(K - 7T 9 =1-A
4 BRS
Ky lifetime

BR(K,.3) = 0.4009 + 0.0015

BR(Kp,3) = 0.2699 + 0.0014
BR(K; — 37%) = 0.1996 + 0.0020
BR(K; — T 9 =0.1261 +0.0011

7(Ky;) = 50.72+ 0.37 ns

Solve for : {

There are of course correlations. ..
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K;—two track events

For K;—nT¢Tu:
Emiss 7+—O
Pmiss #0

Events/0.5 MeV
8000

6000 | my=0—

A= Emiss— |Pmiss|=0

A r=smallest of
A A

4000

,U»_I_ﬂ'_’ 7T+,LL

Fit to MC shapes
Count, BRs
14 sub-samples

2000

is A e l/‘ ..
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Time dependence of Kj;—n9707x0

200 K L:nonono

2 15 million ev

X @)

-

=

g T(Kp) =

= 100
N 50.92 +=0.30 ns
-
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All KLOE Ky results

Param. Value Correlation coefficients

BR(KJ.3) 0.4008(15)

BR(K,3)  0.2699(14) —0.31

BR(&ﬂ) 0.1996(20) —0.55 —0.41

BR(T-09) 0.1261(11) —0.01 —0.14 —0.47

BR(xT7~) 1.96(2) x 1073 —0.15 0.50 —-0.21 —0.07
BR(7%70) 8.49(9) x 107% —-0.15 0.48 —0.20 —0.07 0.97

BR(yy)  5.57(8) x 1074 —0.37 —0.28 0.68 —0.32 —0.14 —-0.13
I 50.84(23) ns 0.16 0.22 —-0.14 —-0.26 0.11 0.11 —0.09

We can do it!
When PDG does it, combining inconsistent results from
different experiments it can be a disaster!l!l
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K- decays

-
.

L1\

/11
L 1

| V4
|

|
L/

=

|
AN

/11

+
JA\ K€3 decay




Tagging decays and K* — uv decays

Compute CM momentum
using m(xw). The uv decay
peak is distorted but quite
recognizable for tagging.
We also get

BR(K — uv(vy)) and
BR(K — 779(%))

Note the radiative tail!
BR(KT — utu(y)) =
0.63664+0.0009+0.0015.

160 180 200 220 240 260 280 300
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All KLOE KT results

Constrained fit:

BR(K* — uv) = 0.63766 + 0.0012
BR(K* — n*7x%) = 0.2071 + 0.0009
BR(K* — ntxT#7) = 0.0553 4+ 0.0009 (input PDG '04)
BR(K* — eT7%) = 0.0498 + 0.0005
BR(K*T — u*7%) = 0.0324 + 0.0004
BR(KT — 7#T7%2%) = 0.01765 + 0.00025
7 (ns) = 12.344 + 0.029

x?/dof = 0.59/1, CL=44%
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120 K f_events/ns Kol 70 k _ events/ns - o
100 k E 'ﬁt 60k: ol
: 50 kE - data
S0kE 40 k 5
60 k|- ] 4 measurement
i 30 k ;—
40 k — | 20 k _ Of T —
20 k E_ Fit range > Fit range
20 30 t" (ns) 40 Consistent —
140 K events/ns
120 kf K1 Can average
100K | o fit 9
80 k |-
60 k|- Use only our result
40k
20 k— «— IFlt. rgng 3 3 :
20 30 t*(ns) 40 10 20 30 40 t* (ns)50

r(K*) = 12.347 +£ 0.030, 0.25%

(K1) /r(K*) = 1.004 + 0.004
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FF: quadratic, pole, disp.

@)
A Ty o A', A" from fit
— O O / I
2 (10 3\ o g‘l@(b@g o A', A" from M,
e %0
3 o
O @
1 d%) 0] @) O
£ @ ]
o 80 o
B o
Aoy % o
O - I - - - I - - - I - - - I - e
22 24 20 28
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We are almost there. Let us begin with f(0)|Vus|. f(0), by
definition, belongs to KO — 7. If we know the I-spin corrections
and the long distance EM corrections all decays must give the
same value for f(0)|Vys|.

Thisisin fact a check of the ¢... estimates and of the experiment.
We find

Channel f(0)|Vys| Correlation coefficients

Kr.3 0.2155(7)

Kr,3 0.2167(9) 0.28

Kg3 0.2153(14) 0.16 0.08

K 0.2152(13) 0.07 0.01 0.04

K, 0.2132(15) 0.01 0.18 0.01 0.67
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: - |
0)|V
f+( )‘ us‘ KLeS
o K3 ()=-0.2157+0.0006
K v2/ndf =7.0/4
e Se3 (CL=13%)
+
o 1(63 SU(2) corrections are
o, verified to 1.1 o.
O I(uS

1 1 I 1 1
0.213 0.215 0.217
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Lepton Universality

From:
- [f(o)vus]ﬁg, B I_M3 I.3(1+ 56)2
e = —
g [f(o)vus]ggg [ e3 I,u3 (1 T 5u)2
=
92
I

Competitive with pure leptonic processes,  decays
(Rue)r = 1.000 £ 0.004

Also with m — P results
(Rue)ﬁ — 1.0042 £+ 0.0033
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f(0) and |Vys|

The accepted valuewas| f(0)] = 0.9614+0.008, Roos & Leutwyler,
1984. Recently Lattice results have become convincing. We take
f(0)]=0.9644 + 0.0049, RBC and UKQCD, 2007. Then

[Vus| = 0.2237 +0.0013

Vius|2 = 0.05002 & 0.00057
0T — 0T and |V,4|?
V,,4]° = 0.9490 + 0.0005
1 — |Vus|® = |Vi,4|° = 0.0009 + 0.0008 (~ 1.10)

But we can do better
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K — pv/m — uv

r(KIuQ(y)) _ |Vus|2 f[Q( mg (1 - m,t%/m%()Q

% (0.9930 =+ 0.0035)

Cancellations in f2/f2. From lattice
Cancellations in rad. cor. From Marciano.
KLOE = |Vus/Viyy X fi/fr|? = 0.0765 £ 0.0005
HPQCD/UKQCD = fg/fr=1.189+£0.007

Vaus/V,q|2 = 0.0541 + 0.0007
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0.948  0.949  0.950 |y, ,|2
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From the fit

1 — |Vius|? — |Vi,g|? = 0.0004 & 0.0007 (~ 0.60)

|V,q| = 0.97417 + 0.00026

Fit with unitarity as constraint

[Vus| = 0.2253 4+ 0.0007

Vudl = \/1 — |Vus|?2 = 0.97429 4+ 0.00017.
fc = 13.02° + 0.06°
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tan 8 — M (Higgs®)

in the SM. With charged
Higgs exchange Ryy3=

. Vus(K ,2)
SOF Ryp3 = =
3 i VuS(K€3)
K Vud(o-l__)O-I_) _
= X =1
+ K Vud(ﬂ',uQ)
60

2 2
40 1_mK_|_<1_m7T_|_>
2 2
mH+ mK+
\ tan?
20 X 5
14+ ¢ tang

Charged Higgs mass (GeV
PP g L gg L ( L ) | €0 ~ 1/(167‘(‘2)
100 200 300 400 500
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KT ety

?@M (K — ev)

net E1O0) R —
- K7 r(x = w)
RM = (2.477 £0.001) x 107°

m4
14 |
(i)

2

m. 2 6
— | A tan
<M62> | 13| ﬁ:|

The lepton flavor violating

RLFV

coupling Aq3 could reach

R = 2457+oo32 105
L L values of ©(1073)

200 400 600 800 1 000
Charged Higgs mass (GeV)
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5000

4500

4000
3500

3000

2500

2000

1500

- M(Z') (GeV)

CKM-KLOE T
allowed, 95%

allowed, 95%

1000
- Following K Y Lee

PRD 76,117702 (2007)

Gauge group is
SUR2),xSUR2),xU(1)y.
SU(2); for light quarks
(u,d,c,s)

SU(2)y for heavy (t,b)
2 Z bosons

2 mixing angle
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Conclusions

Unitarity is verified at the 0.1% level
1 — |Vus|? — |V,,q/° = 0.0004 + 0.0007

Muons, electrons and quarks
carry the same weak charge to better than 0.5%

Kaon properties limit the parameter space
for some new physics models
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