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CKM unitarity and lepton universality

Universality of the couplings of
quark and leptons through CKM

i . unitarity
i Gij = 6p Vij
where | Vij|2=1

Universality of the lepton coupling: G;; independent from
lepton flavor

New physics contributions through precision
measurements of Vus
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Test of Cabibbo's hypothesis of lepto-quark universality

New physics encoded by shifts of both G, and G,
GCKM = Gu(lvud|2+ Ivus|2+ |vub|2) /2= Gu( 1+ Asemil - Ap)
leading to a unitarity-violating term A

Ivud|2+ Ivus|2+ |vub|2: 1+ Ackm

Accuracy on G,y at the level of electroweak precision tests

|V, 4l from O*— O* superallowed B-decays at 2:10-# precision level
|V,4l = 0.97425(22)

Review on Vus,Vud by E.Blucher, W.Marciano
PDG(2010) J. Phys. 6 37, 075021

|V,,| does not contribute at this level
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|Vus| xf,(0)

Vus determined from kaon, hyperon, and t decays
The most precise measurement from K;; decays

2 2 5
O M g W
1927

F(Kz?,) —

£2(0)* 1, ()A+ 28 @ + 207,

Branching fractions, lifetimes
Dalitz plot analysis to obtain 7, ,(4)
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K* semileptonic branching fractions

Measurements

BNL-E865 | BR(K,3)/BR(nn%+K s+nn%1°) | 0.1962(36)
NA48/2 | BR(K.)/BR(rr0) 0.2470(10)
NA48/2 | BR(K,s)/BR(r) 0.1637(7) BR(K* > e v)

0.0472 0.0484 0.0496 0.0509 0.0521

KLOE BR(K63) 004965(53) LI I B L N B B B A N D B B B L B B

T K= (Sher2003) A

KLOE BR(K,3) 0.03233(39) ‘ L

W

Q (Botley,2007b)

|’< = (Ambrasino,2008)
0.0321

Fit results
N R 1 1 1 1 I 1 [ | 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 0.0300

PDG-2010 BR(K.3) | 0.05070(40) s - 01 042 oas

BR(K —me }
FLAVIANET [ BR(K,;) | 0.05078(31) Il TG I I B

0.665 0.683 0.7

PD6-2010 | BR(K,;) | 0.03353(34) BR(K, >t e v)
FLAVIANET | BR(K,;) | 0.03359(32)

(A i 1)

£y
3.
$
M.Antonelli et al. (FlaviANet Kaon WG), Vs
EPJC/s10052-010-1406-3, arXiv:1005.2323 x

@

Z
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K, semileptonic branching fractions

BR(K* -7 e v) Measurements
Loren s DEaRE 0050 I omz] KTeV | BR(K,3)/ BR(K.) 0.6640(26)
T T 1 I I T T 10 I I T 1T 1 I I T T 1 I T T 1
A KE (snenzo0n) 4 KLOE | BR(K,5) 0.4049(21)
>
| ¥ v KLOE | BR(K, ) 0.2726(16)
%— Ke (oizoom 'NA48 | BR(K,5) )/ BR(K—2tracks) | 0.4978(35)
) W
& ; P -
3 - . lavi
& & - s Fit results K'a_oﬁe
T L K* (Botiey.20070) ] !
) B (Batiey.20070) - ;, PDG-2010 BR(K,3) | 0.4055(12)
¥J 1 -_ @K (Alexopoulos,2004b) _- 0334T
x 27 pombrosine 2000 0.0334 FLAVIANET | BR(K,3) | 0.4056(9)
m p— moros I'M'J Lt - <
i - ~ | PD6-2010 | BR(K,) | 0.2704(7)
- |’<: (Ambrosing, 2008) - FLAVIANET BR(K}J3) 02704(10)
0.26  p - 0.0321
. - Pulls
- - KTeV | BR(K,;)/ BR(K,s) -1.1
2 1L 1 1 1 I 1 1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 0.0309 H
: 0.9 -. , L .43 KLOE | BR(K, -1.3
0.3 BR(K, 57 e v) .4 0.41 0.42 0.4 (Kes)
I L1 0 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I KLOE BR(KM3) +O5
0.665 0.683 0.7 Ol ] 0.752 NA48 | BR(K.3) )/ BR(K—2tracks) | -0.8
BR(KS —>T e V) % 10 3 s
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Ks semileptonic branching fractions
BR(K* > e v)

0.0484 0.0496 0.050 0.0521 Measurements
rrr [ rrrr[rorid |_ [T T r 1o KLOE BR(K63) 7'03(9) 10-4
KE  (sher2003) A
. NA48 | I'(K,3) )/ T (K3) | 0.993(34)
R
K. (Lei.2004b)
Ks  (Ambrosino,2006b)
? M |’<:~‘ {Botley,2007a) N w
5 %
3 < ~
N v & - e : Flavi A
T : - (Batley,20070) : ¢ FIT PCSUITS Kaon WG
2 B - a _
2‘5 2 (.) @K (Atexopouloa, 200453 I oossie PDG-2010 BR(K,3) | 7.04(8)10*
a - imerosine 20081 i < FLAVIANET | BR(K.;) | 7.05(8) 10
: K% (mbrosin.2008) : PDG-2010 BR(K“3) 4.69(5) 104
0.26 = — 0.032] FLAVIANET BR(K“3) 4.69(6) 104
2 i 1 1 1 1 I 1 1 1 1 I 11 1 1 I L1 1 1 I 11 1 1 ] 0.0309
D”S".BR(K 03 o v) )4 0.41 0.42 0.43
L
I L1 0 1 I L1 1 1 I L1 01 1 I L1 1 1 I L1 01 1 I
0.665 0.683 0.7 0.752

BR(Ks o>m e V) ,1o°
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Kaon lifetimes

Measurements KS i PLB537(2002)28 §

T TTITITT T T T T T T
*{{;LL"LLL‘ 1999 nn J::HtLL 1998 n’n?
NA48 Ts 0.08960(7) ns | e 165 <Ey <170 GeV | | ™ +~ﬁ+'"'—|_|_l 165 < E, < 170 GeV
s | g | T
KTeV | 7. | 0.08958(13) ns N s 18 1 ]L < ]
< L O e
KLOE |1 | 50.92(30)ns < 1 R b : ﬁ%
KLOE 12.347(30) ns X E o b,
T+ i f.'f‘++ H J
- 1o b Live 1y ! ! 1 |LL.+'H o ! Ll 1 I T T I |
1-1 il o 5 1 1 2 as 4 3_2-35 ? I:Ii5 II 1I5 : E;E I3 E;E 4
= o1 + — = o0z2f + 3
K iy SO T E fo b AT
L PLB626(2005)15 5ol et T+ + T 18 o ML T 'WT"T' ]
xl0? E —z Z gob E
- b K = B 15 : CEEEE— z 4 T CREE T I I I 4
1730 FE T *
;,—"'5':3 [ Sonf
%1250 oo} Ki
o . JHEP 0801,073
e ook 140 A0 residuals/ns
- Fit Rezion oo - eventsins 2000F
t _ c 12U:_ f*, ® data 1000_
w3 f 1008 =, fit - +
s etk ed -t sl ol 411, Ht o, +
60F- .. | T+| Il +'Hﬂ+ +
40F ++++ -100[]:—
208 _ Fit range 'Z +,* _zuunf—
2030 w40 15720 25 T30 =(ns) 3
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Form factor slopes

Analysis of the Dalitz plot of semileptonic decays needed to obtain the
dependence from momentum transfer for the phase-space integral I, (1)

Ke3 decays : sensitive to vector ff dependence
Ku3 decays : sensitive o both, vector and scalar ff slopes

Parametrization of the t-dependence:
vector ff : quadratic Taylor expansion
scalar ff : linear approximation

Single-parameter function intfroduced using dispersive relations

2
Kr T

£ (1) = eXth (InC - G(t))} £ () = exp{t (A, +H (t))}
m
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Form factor slopes

Integrals
Mode  Quad-lin Disp
K°,, 0.15457(20) 0.15476(18)
K,  0.15894(21) 0.15922(18)
K3 0.10266(20) 0.10253(16)
K=  0.10564(20) 0.10559(17)
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|Vus| xf,(0) from Ki;

C:GiM;

r(Kl3) — 9273 £ SEW‘I/us
Sew 1.0232(3)
ASU® 0.029(4)
Ago oEM 0.0050(11)
Ao EM 0.0005(12)
Age oEM 0.0070(11)
Ae M 0.0001(12)

r. .= 1.002(5)
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| £ Q) I, (A)(L+ 285 P + 247

PDG 02 o

K'e3 (2009)
K*m3 (2009)

PDG02  HOH
K e3 (2009)
K, m3 (2009)

Kse3 (2009)

Unitarity

- 2 2,112
L (0)(1-1V -1V, )
+—0—+

021
Table 1:

——
0.215 0.22 0.225

| Vs | f(0) from K.

Decay Mode

|-E".:us | .-F+ (1)

K*e3
If:tlu 3
Kre3
Iff__l.!.! 3
Kged

0.2173 £ 0.0008
0.2176 £ 0.0011
(.2163 £+ 0.0006
0.2168 £+ 0.0007
0.2154 £ 0.0013

Average

0.2166 £ 0.0005
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Vus from K , decays

Vus has also been obtained from
I'(n— uv) (2% precision) and the BR(K ,,)
measured by KLOE at 3% , BR(K ;) =0.6366(17)

(K ,2,) _ V| o« 1<2 e /) 1+05(C -C )]

r(7TA12(7)) ‘I/udz 7r2 (1 /)
electromagnetic correction -0.0070(18)

.
sl Sk _ 0. 2758(5)
Vil 1,

T
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Ru23

New-physics could affect helicity-
suppressed kaon decays only, so that

Vus from semileptonic decays as
expected in the SM &

Vus from leptonic decays smaller than
expected ““

tan

Excluded by Rm
B 95% CL
B 67.285 CL

R >3 used to constrain Higgs-mediated scalar .

currents T0 a0
m,,, (GeV)

2 2
ot s0* m, tanf

N/

fk Vud
£ )., W

_ 1.0

V
R,u23_ us
fk/fﬂ

V a

£.00), [ m’ l+retanp
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LQCD calculations

S/t

I,

K?‘t

(O

| L LIl T T LI T
‘\}20 CP-DACS-908 e 1156029 Clover a=0.05fm m_~S00MeV L B I B B B T ! T T T LI L L L B N B N |
Leutwyler & Roos SJ* 0.961(8) Quark M.
CP-PACS-03 o) 119230  Clover a=0.11fm m_>550MEV ¥ !
- +12 ~ Py - 1
A — JLQCD-03 1 1148011 Clover m_=550MeV Bijnens & Talavera i L 0.871(8) xPT+LR
S RBC-03 - 1175(11)  DWF m_>S50MEV ! .
; < PT + disp.
QCDSF-07 - 111926 Clover m_-3000EY Jamin et al i * DB 7 =
ETMC-08 1. 227(9](21) TWME Cirigliano ef al | > 0.984(12) }PT+INc
ETMC- 09 1.210(8)(17) TWMF a=0.07fm m_=1600eV !
MILC-04 LI 1210(l4)  Stag 2=0.09fm m_>300MEV A'f=0 SPQodR '—’—' 0.950(5) (7) Clover
MILC-0T —d 1190775 Stag !
MILC-08* - 1198(2)F Stag a=0.045fm m, ~17TAEV N =2 |
A =747 NPLQCD-07 ] TLIT 5 DWFStag I REC I* 0.968(9) (§) DWF
tr RBC/URQCD-07 1.205 SJEGZ] DWE m, ~200AEV JLOCD* e 0.967 (6) Clover
EBC/UKGCD-08 —— 1225(12)(14) DWF QODEF* | & 0.9647 (15}, Clover
PACS-CS-08 1.180020) Thin Clower m_=1553EV ETMC-00 i 0.9560 (84) TWMF
1
JLQCD,/ THQCD - 09 e 1210012),, Overlap 4\}=2+I :
HPCCD  TEQCD - 071 = 1.189¢T) HIS@Stag a=0.00fm m_-1400eV HPQCD-FHAL* —’—- 0.962(11) Stag
ALVAW-02 = 1.192(12)(16) DWFStag REC-UEQCD-07 i 0.9644 (49) DWF
BMW - 00 - 1.192(7Ti6) Fat Clover 065Em m_ - 1900z REC-UKQCD-10 + 0.9598 (37)13}
T I A O AN PN TNN TT H R A AT N I T T R T S T R

L
AAY AR T

Recent progress in LQCD calculations

a0 ad a2k 09 495 (06 “oﬂ \q"‘- Q9% (o0

UKQCD/RBC

KLOE

— L

From the dispersion parametrization of the ff
dependence from the momentum transfer,

based on analyticity constraints and the CT
theorem, the experimental measurement of
the ratio

f./f /£.(0) = 1.225(14)

was obtained

-

lavi
net Kaon WG
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CKM unitarity

Combining the results from semileptonic and leptonic kaon decays,

x £ (0) =0.2166(5)

Vid
and using the LQCD calculations

«Jx _ 0.2758(5)

T

Vs

% _1.193(6) £(0) = 0.959(5)

T

together with |V 4| = 0.97425(22)

5 |V, =02252(9) and  [V,yl2+ |V, |2+ |V, ]2 = 0.9999(4)(4)
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Improving on |Vus| xf,(0)

KLOE-2 can improve the experimental accuracy by a factor of 2 with
one year of data taking at DAFNE (5 fb-!of integrated luminosity)

KLOE-2 measurements : semileptonic BR's and lifetimes

%err | BR T ) I, | %err | BR T ) I,

K.e3 0.2163(6) |(0.28 | 009 |0.19 | 015 | 009 |6 24 |0.09 | 015 (015 | 0.09
Kun3 0.2168(7) |0.30 | 010 (018 | 015 | 015 |[@&F |0.10 (015 (015 | 0.15
Kse3 0.2154(13) | 0.67 | 065 [0.03 | 0.15 | 0.09 | 6.38 | 050 (0.03 {015 | 0.09
K:e3 0.2173(8) |[0.39 | 0.26 | 0.09 |0.26 | 009 |6 38 | 025 | 005 (026 | 0.09
K:u3 0.2176(11) [ 0.51 | 040 | 0.09 | 0.26 | 015 | @4l | 027 | 005 | 0.26 | 0.15
Aver 0.2166(5) | 0.23 0.14

EPJC68(2010)619
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Conclusions

A consistent set of precision measurements in the kaon sector together
with LQCD calculations lead to

the Cabibbo's angle measurement Vus = 0.2252(9)

This and the precision results on Vud allow the test of CKM
unitarity to 6 10 precision level
With the present accuracy we are probing NP at the 10-TeV scale

Sensitivity improvement is feasible in the light of recent big progress on
lattice calculations and

new data at the ¢-factory to improve the experimental accuracy on
|Vus| xf,(0) to 0.14%.
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