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New and final MuLan result for u lifetime

— Fermi constant

1.166385

1.166380

1.166375

Final result after

. "
analysis of 2006-7 data g e L
sets V'é 1166365
g 1.166360
Impact on G: the | Les3ss
normalization of the N
Flavor couplings PDG 2010 MuLan 2010

avg: t, =2196980.3 + 2.2 ps (1.0 ppm)
Gr =1.1663818(7) x 10> GeV-2 (0.6 ppm)
See talk by P. Debevic: MuLAN collaboration



u lifetime measurements, 60 years of history
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t,: experiment and theory facing each other

Ag, QED radiative
corrections, van
Ritbergen & Stuart,
Nucl. Phys. B564
(2000) 343

2

P’
D2 8M2

(1+Ar)

Ay, weak interaction loop corrections

- —_
(= o
w -

Gy Uncertainty (ppm)
=
~N

10"

= . — Total
B a1 . 1, (indiv. exp.)
= OE 0.
S e Theory
. T
- o!
= %! EE—
__ (. ® e, [ FR— 5 -
= LIJ:
: O j
- EE
— o
O ‘
- 'S E
— N
l 1 L1 1 I 1 1 L1 l L1 1 1 l 1 L1 1 I 1 L1 I~-r-l--‘l--.;—.l-1--;-—l--
1950 1960 1970 1980 1990 2000 2010
year



‘;\
\\ll ’ —-—
- =7 ™N (A \\
®
e-i—

Lp K
‘\\ w )

Ge Vg G-V,
P. Debevic: D. Melconian, I. Towner, A.Juttner, A. Ramos,
MuLAN B. Maerkerich, A. Juttner, R. Escribano, K. Maltman,
W. Marciano

M. Veltri, E. De Lucia, B. Sciascia

i

2010: The Status of Lepton/Quark Universality

av,,/ e
v, ~ 002% IV,gl? + [V,c]? + [V,,]2 = 0.9999(6)
‘W%‘“ ~.0.5%

Error budget: 0.0004,,,, + 0.0004,,.




[Nuclearﬁdecay: 0+-> 0+t T=1

\

Golden modes,

O only vector current (CVC) (py: ()+|a;1.-,,d|p,5: 0" = V2(p; + Pf)u
Q small SU(2) corrections

Neutron gdecay: n->plv
> Both V and A contribute { p(py) I!ij.*,i,,d — Uy 7.;-,(1| n(p;) :}

> A extracted by the [-asymmetry measurements
(angular correlations)

Nuclear fdecay: mirror decays
o Like n decay - V & A contribute, need angular correlations

0 Recent analysis provides quantitative extraction of V

Pion Bdecay: n*+->n’lv 01— 071
v' only vector current (CVC)

v'but small Br (10-8), experimental error still large and
dominating



Nuclear fdecay, 0*-> 0* transitions with T=1

Vud determination

involves 3
measurements: Qrc
BR
1, the energy gap Qpc= [ (Phase space) ., ~_,
|
2, the half life t1/9
=
3, the branching ratio B R
“Ar “Rb
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Corrected Ft value

Se» */
We must account for the fact that tf’%
P d y -
ithi g
the decay occurs within the ;.‘ ®7 v
nuclear medium e 7
A
Z+1

Ft=ft(1406%)(1+ (dns —dc)) =

G%‘ | ‘/’u.d |2

(really should be constant)

Mpl2(1+AY)

“'1 .50/0

e 0, = E"™ and Z dependent radiative correction

e O s = nuclear structure depenedent radiative correction } 0.3-0.7%
® O, = isospin symmetry-breaking correction

~2.4%
° Ag = transition independent radiative correction

See talk by D. Melconian



Ft values for 0*=>07 transitions
Towner and Hardy, PRC 79 055502 (2009)

3100 T
3090 1 2\(g
] | 340 2
3080 - { ¢ "I_t‘z_S_c ;V Sicq - !
n 3070 Gy F4: Tt 4 :
— { Cuo MCl ™K sop, | 1
~ 3060 - : Mn “Ga 7™Rp |
[z, _ |
5050 1 (Ft) = 3072.1(8) s
3040 1 x?/12 = 0.28
30302...,....,....,....'
10 20 30 40
Z of parent

‘corrected JFt values constant to better than 3 parts in 104 I

hooray for the conserved vector current hypothesis!

See talk by D. Melconian



Neutron pdecay: n->plv

“b 0 r(1+34%)

/

= Neutron lifetime t

Marciano, Sirlin PRL 96 (2006)

® Ratio of coupling constants

A =gA/gV

from angular correlations
2 experimental inputs




Experime
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ntal status of n lifetime (PDG2010)

PDG 2010 - — -
in beam g
material trap r—a—

Topg = 883.7 (8)s

Not considered in
average due to 6.5
deviation from
previous average

“Until this major disagreement is understood our present
average of 885.7 + 0.8 s must be suspect.” PDG 2010

y B. Markisch



Status after new result from MAMBO [l exp.

Including all results with 0t < 10s
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T,.. =887.6 +2.7s

Topg = 883.7 £0.8s
T, = 3818 =1.4s

“Our MAMBO Il result makes the PDG2008 present average of the neutron
lifetime value even more ‘suspect’. To resolve this issue new and improved

See talk by B. Markisch



Experimental status of A = g,/g,, after Perkeo |

-1.255

PDG 2010
new - — —
1 in beam F—a—
-1.26 UCNA, arkiv i
3 FPerkeo |l, preliminary  ie—tpe—
1965 YEROZOL}MSK‘\’ 1
BOPP l | PDG average:
A LIAUD | -1.2694(28), S=2.0
|
1275 L MOSTO!Ol i — Includlng new data:
ABELE  ABELE -1.2734(19), $=2.3
1.28 Lo
L Auena = -1.2759(+41)(-45)
1.285 ' : ' ' ' Aperkeo = -1.2750(9)
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year of publication

New measurements have much smaller systematic corrections
on A of O(1%) (Perkeo I, UCNA)

See talk by B. Markisch



Current status of V

9800 T l l -
V,=0.97425 + 0.00022
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Experiment - Radiative correction - Nuclear correction

See talk by I. S. Towner



Current status of V

Superallowed g decay currently yields most precise value of
V 4, limited by theory uncertainties: V 4 = 0.97425(22)

V 4 Mmeasurement very robust and stable along the years

T = Y2 mirror nuclei, neutron, and pion decay consistent but
with larger errors

0.975 Vud
Still a particularly
vibrant and lively

field: stay tuned i

0.973

1990 2000 2010

See talk by 1. S. Towner



[ K—>muv & K—>mev

v Only vector current (CVC): f,(0) Syly | K 2
21 % (mem,)? (wlsy ulK) < f, (g%

v' Small SU(2) br. corrections f.(0), Aror 1o ?

K—>uv (m—> uv)

v Only Axial current: no symmetry constraint
fi/f =1 & (mg-m,) 015y yar| Ky =pf

’l:—>hs Iv (inclusive modes)

X Both V and A but hard scale (m_) + inclusiveness -> OPE

/

Ry s~ [Visl? L -y~ (01, |he) (| T50)

\ h \




Vus extraction from KI3

K3 decays = most accurate and theoretically clean way to access |V]

The master formula for K,3 decay rates:

C2G2 > , y
(ke3(y) = ’{92F7rmK Sew [ Vis|® 1£+(0) lic(A4o) (1 + 050y + Ogn)?

_ k0 et 2 2 _
K=K’ K= Cig=1 Cpy=1/2

Experimental Inputs Theory Inputs
[(Keayy) Branching Ratios Sew Universal short distance
Kaon lifetimes EW correction (1.0232+0.0003)
I [fyo(t)] Phase space integral f.(0) Calculated ff at t=0
Depends on ff 2" order SU(3)
5,$(U(2) Form factor correction for
isospin breaking (K* only)

o Ki 7r0 K07r_
f+ (0)/f+ (0) — 1= 0.029 4 0.0004

(),’__-(,f” Long distance EM effects
ot ~ 0 for K+




The experimental players in a per-mil game

E865@BNL: rare K* decays 1n flight; ©t° Dalitz decay m final states.
KLOE@Da®ne: pure K beams. lifetimes. absolute BR

NA48@CERN: intense K K* beams from SPS proton beam, ratio of BR’s
KTeV@FermiLab: intense K; beam from Tevatron proton beam, ratio of BR’s
ISTRA+@IHEP (Protvino): ratio of K*13 BR’s

See talk by B. Sciascia (FlaviaNet Kaon WG), M. Veltri (Naxx), E. De Lucia



A critical re-analysis of literature data: BR's, t’s

Careful reading of the original papers — definition
of different data set and/or parameters wrt to PDG

BR(K_,) [%] BR(K ;) [%] BR(31") [%] BR(T'T) [%]
[ | | I I | | | L [ | L I | L I T l | | I ] | LR I
PDG 09 . . . .
This fit = - - -
I 1 | 1 I | ] 1 [ | I L1 1 1 I | L1 1 I | L1 1 I | L1 I L1 | 1 I
38 40 27 275 20 21 2 2.1
BR(K&) (%] BR(IQQ) [%]
K*
PDG 04 — PDG '04 ——
PDG '06 —_— PDG '06 ——
PDG 09 —— PDG '09 ——
This fit . This fit —
1 1 1 1 I 1 1 1 1 1
0.045 0.05 0.03 0.035

Wrt to PDGO09: minor differences on the fit results

See talk by B. Sciascia (FlaviaNet Kaon WG)



Form Factor parameterization

1V,/(0)] extraction needs calculation of the phase space integrals:

to 2 2 2

| m me 3m2A2
e _ 3/2 |- ¢ . My YLk ¢
i /n~3.' m}\ ! (1 N 2t ) (1 2t ) (f+ (2t +m 2)/\ fO( ))

Yé

* Class II: based on a systematic mathematical expansion (e.g. Taylor, “z-par.”

- freedom to determine high-order terms from data

- strong par. correlation — no sensitivity to high order terms (A,"") [PoS 2008(KKAON)002]
- accurate description in physical region needs at least 2°¢ Taylor exp. [PLB638(2009)480]
- test of low-energy dynamics involving Callan-Treiman th. needs orders=22¢,

* Class I: to reduce the number of parameters, impose additional physical constraints
- pole: dominance of single resonance My, ¢ (one free parameter)
vector: K*(892) ok: scalar: no obvious dominance.
- dispersive: ff analytic (except real t>(mg+m,)*) functions in the complex t-plane.
vector: numerically similar to pole (K*(892) dominance):
scalar: necessary without dominant one-particle intermediate state.

See talk by B. Sciascia (FlaviaNet Kaon WG)



Form Factors: dispersive approach

Results from PGB AN YN ECNCEE This fit _l

2 " _KTeV A.xX 10 = 25.66 £0.41
| -KLOE In C = 0.2004(91)
0.2 :lr\lsﬁ"thA+ P(AL.InC) = —-0.33
L ourfit pdf = 5.6/5 (34%)
I Integrals
0.15 : R o Mode Quad-lin Disp
- T K°.,  0.15457(20) 0.15476(18)
: et anaaeen K, 0.15894(21) 0.15922(18)
S 2'4 1 216 . Kou3 0.10266(20) 0.10253(16)
AL X 103 K ; 0.10564(20) 0.10559(17)
Dashed lines show NA48* and Maximum change 0.2% if same
preliminary KLOE data not in fit data used as for quad-lin fits

See talk by B. Sciascia (FlaviaNet Kaon WG)



FF: new results coming, NA48/2

S10 - - F NA48/2 - K- Prel.
X N X 30 - A
"2 b .
“ ot : A\
i 20 [ \ / K3 averages from
- — avi
. : FARWGT
N 10
FKTeV - K\
- \ T T
- NA48/2 - K - -
L X
n 'EIIIY‘III]JI")" s, :
NA48 - K < L 1 o contours
- NG 5 ISTRA+ - K
= L~ \
0~ - NA48-K, )
ISTRA -K ~ Ke3fit /
1 1 1 I 1 L L I 1 o [ 1 1 1 ‘I L L 1 1
10 23 36 10 20
At %107 2y ¥ 107°

e Experimental situation on quadratic fit for K3 decay

a K°3 results from KLOE, KTeV and NA48, ISTRA measures K5
e First measurement which uses also K

e High precision - Very competitive with other results

e Small quadratic term - Larger Ao with respect to NA48 case
See talk by M. Veltri (NA48/NA62)



New results will come in a near future, KLOE-2

| V.o [ £+ (0): future perspectives with

KLOE (2.5 10™) § KLOE-2/ste

“*KLOE-2 can significantly improve the accuracy on the measurement of K , K*
lifetimes and K.e3 branching ratio with respect to present world average with
data from the first year of data taking, at KLOE-2/step-O.

“*The present 0.23% fractional uncertainty on |Vus| x f+(0) can be reduced to
0.14% using KLOE present data set together with the KLOE-2/step-0 statistics.
“»*Detector upgrades have not been considered in this evaluation

f+ (O)Vus With f_ (0) @ 0.5% the accuracy on the

KLOE today 0.28% unitarity relation of the first row is

World A 0.23%

(World Average; . ) o (1-V,, _\ -)_ 6 x10-4| Vus @ 0.4% from fit
KLOE + Step-0+ WA  0.14% e \’ud @ 0.026%

See talk by E. De Lucia (KLOE/KLOE-2)



New results will come in a near future, NA62

NA62, during the 2007 run, collected data for a
dedicated measurement of Rx = '(Ka2)/T(K,2)

and tests for the future K+ — 77 7 experiment

e 4 months data taking with minimum bias trigger
— 1 track+ 10 GeV deposition in EM calorimeter

Simultaneous K+ and K~ beams of P=(74 +1.6) GeV/c

Better track momentum resolution (— p7 kick doubled)
Collected ~ 150000 K., events

First results for 40% of stat presented at BEACH2010 and ICHEP2010
Expected precision on the full data sample: o(Rk)/Rx =~ £0.4%

Kp from NA62 2007 data

o Huge K2 /K“3 statistics of ~ 40/20 x 10°
o Speaal K, run (15 h) to measure electron ID efficiency
K% and Kl3 statistics ~ 4 x 10°

See talk by M. Veltri (NA48/NA62)



A new interesting idea to improve FF extraction

KTT vector form factor
constrained by
T—KTrVvrand Ki3 decays

to present a model for the KTT vector form factor using a
dispersive representation and incorporating constraints from

Ki3 decays suited to describe both T—=KTTVr and K3 decays
simultaneously

See talk by R. Escribano



Promising: significant improvements for Ku3

(mg—mx )2

1 3/2 mi
I, = — / dt A(t)*/ (1+%) (

K

2
my

1—"’—‘2) (177 +

At) =14+t /mi +r2 —2r2 —272t/m% — 2t/m%

3ml (mK m )

I >|2)

(This Work | K, disp. [9] K, quad. [9] | [?] M-Antonelli et al,
arXiv:1005.2323
I K2, 0.15466(17)| 0.15476(18)  0.15457(20)
Io [0.10276(10)| 0.10253(16)  0.10266(20)
IK% 0.15903(17)| 0.15922(18)  0.15894(21)
I+ (0.10575(11)] 0.10559(17)  0.10564(20)
Kl3 dlSp . — * ———— P
K3 quad. —_— —_— ——— a
. || -
0.1543 0.11548 0.1(1)234 | 0.1(1)284 0.1[588 0.11593 0.1054 0.1059
I(KZ3) I(K%) (KZ3) I(K5)

See talk by R. Escribano



Present status of V f+(0) from KI3 data

Vsl S4+(0) Approx. contrib. to % err from:
023 024 025 0205 0217 % err BR T A Int
L D LR L
K &3 K3  021636) 026 009 020 011 0.06
K 13 — K;p3 0.2166(6) 0.29 0.15 0.18 0.11 0.08
Ks ed . Ke3 0.2155(13) 0.61 0.60 0.03 0.11 0.06
K*e3 — NN
K=e3  0.2160(11) 052 031 0.09 040 0.06
K3

Wr—

*u3  0.2158(14) 0.63 0.47 0.08 0.39 0.08

PR | PO S W N T |
0213 0214 05 0216 0217

Average: |V, | £.(0)=0.2163(5) x*ndf = 0.77/4 (94%)
Theory still driving the error in the charged modes: SU(2) breaking corr.:

01O oy =2.9(4)%.  vs SUA)_ =2.7(4)%

See talk by B. Sciascia (FlaviaNet Kaon WG)



Present status of f+(0) from Lattice
G. Colangelo, S. Durr, A. J., L. Lellouch, H. Leutwyler, V. Lubicz, S. Necco,

S S
F 58 E
FE$
Results for fX7(0) S &y §
+ FL v 2
L ¢ & |
Collaboration N R F § 8 f.(0) I 'aM
RBC/UKQCD 10 241 A A m 0.9599(34)(*3')(14)
RBC/UKQCD 07 2+1 A » m 0.9644(33)(34)(14)
ETM 09A 2 A 0.9560(57)(62)
QCDSF 07 2 c m K m 0.9647(15)stat
RBC 06 2 4 m K% m 0.968(9)6)
JLQCD 05 2 ¢ m K% m 0967(6)and 0.952(6)

A precision of ~ 0.5% is possible
See talk by A. Jiittner (FlaviaNet Lattice WG)



Present status of f+(0) from Lattice

095 096 097 098 09 100 1.01

| | ! ! I I I
e - RBC/UKQCD 10 :
= HH RBC/UKQCD 07 | 'aﬂA
HHHH ETM 09A
o | mg QCDSF 07
z e RBC 06
—O-H O JLQCD 05
Lm | N, = 2+1 plus SM
! N, = 2 plus SM
H—&—H Kastner 08
. 'S | Cirigliano 05
b A | Jamin 04
A | Bijnens 03
A Leutwyler & Roos 84
I AR | | | |
095 096 097 098 099 100 1.01
f.(0) = 0.9599(34)(*1)(14 Nf =2+1
Averages: "(©) B4(HN(4) (N =2+1)

f.(0) = 0.956(6)(6) (Nf = 2)
See talk by A. Jiittner (FlaviaNet Lattice WG)



Data can cross-check Lattice or vice-versa

Dispersive parameterization for f;(t) plus Callan-
Treiman relation

fltcD p-——-————-—-—---= Jo(D)

- . 1 f+(0)
C= fO(_AI\"JT) = f_kr(ﬂ) + Acr

- Assuming a fi/f; value, obtain a value for £,(0).

[
: Ke’s
[

I

o - - -

.

_ mga  (mg=m)? ter=(mp—m2?)
- Consistency test between scalar ff measurement

and lattice calculations: WA for In C (0.2004(91)) iice acD
gives: £.(0) = 0.974(12) n

I * 1

KLOE  0.970(25)

KTeV  0.982(15)
- NA48 value 1s imnconsistent with theoretical
expectations: £,(0)<1 — exclude NA48 Ku3 ff
from averages used for V..

NA48 1.039(17)

ISTRA+ 0,966(16)

0,95 . 1 . 1.05
WA exp. data on In C alone gives fi./f /f.(0) = 1.225(14)
completely independent of any information from lattice estimates

See talk by B. Sciascia (FlaviaNet Kaon WG)



'taﬂA Determination oc V crom K2 decazs
ne Kaon WG

Within SM, the ratio of photon mclusive K, to 7, decay rates 1s:

T ) - NVl Lficl % M (1-m,"/Mg~)*

[(7) Vidl? | /2> mg(l-my*/mg>)>

X (1+6,,)

Obtain |V, | from:

- measurements of the mclusive K, and 7, decay widths;

-1V |=0.97425(22) from super-allowed 0*—0* nuclear beta decays
|[Hardy and Towner, Phys. Rev. C79(2009) 055502]

ud|

Use precise evaluation of long-distance e.m. corrections 0,,, = —0.0070(18).

em
[+/f,, not protected by the Ademollo-Gatto theorem: only lattice.

(lattice calculation of fi/f; and radiative corrections benefit of cancellations).

- ®
FlaviaNet Kaon WG report —B. Sciascia— CKM 2010 University of Warwick 9



A. Juttner

FrvA

/7(:’f Lattice WG

fK/f1t
114 116 118 120 122 124 126
| [ I I | [ |
e | BMW 10
- JLQCD/TWQCD 098
| T MILC 09A
MILC 09
—+—H ALVdW 08
— PACS-CS 08, 08B
H HPQCD/UKQCD 08
| 3 — RBC/UKQCD 07
| - NPLQCD 06
| MILC 04
H—HOH— ETM 09
[ H——O+— ETM 07
| 0 | QCDSF/UKQCD 07
L N, = 2+1 plus SM
H-- N, =2 plus SM
1.I14 1.|16 1|1l8 1I26 1.1’22 1.|24 1.|26

@ very good agreement

@ no (sea-)strange-quark effects visible at the current precision of data

@ FLAG averages:

Ne=2+1
Nf =2

fi/f. = 1.193(6)
fic/fx = 1.210(18)

BMW 10, MILC 09A,
HPQCD/UKQCD 08 J

ETM 09




f/f_ @ the lattice state-of-the-art

2 results with NF=2+1

Similar accuracy, both published:

f,/f. = 1.192(7)(6) BMW 2010%* Wilson
f,/f.=1.189(2)(7) HPQDC 2007 Staggered
fi,/f.= 1.198(1)(*%_g) MILC 2009 Staggered

Share advisable features of good lattice calculations

Continuum limit, finite volume effects, small pion mass

* See talk by A. Ramos



f/f_a systematic approach for error definition

Thorough analysis of main source of errors:
Continuum limit, a > 0
Finite volume effects, L = Na wrt 1/mn

Small m_, corrections as exp(-Lm), Lm required > 4

For each source, fit for different assumptions
Simultaneous fit for all the systematic sources

Error from the spread of the results

* See talk by A. Ramos



f ./t BMW 2010: one of the 1500 fits

1.25 T I I [
1.2
1.15
. =4
L
1.1
1.05F -
1b | 1 | | |
2 2 2 2
100 200 300 A 400
v 2
M_[MeV']

X 7 x 2 x 3 =1512 Methods.

v Close to the physical point!
Simulated data close to the final value

See talk by A. Ramos

In total we have 2 x 18




NP test: bounds on scalar component (H

Wlth a3

-parameter fit (V, from K13, V
[V (K )1V, (07 —07)]7 7, 517 =1, obtains (x*/ndf=0.0003/1 P=99%

us

| Vus| = 0.2254(8)
Ry 23 =0.999(7)

[K 3, 0% = 0F, unitarity],

PR

[Ky2]

/V, 4 from Kp2, V

ud

")

) with 1 constraint:

o, p=—0.55):

__—— this excludes the region at low my.

and large tg 3

tan

Flavi A

' Kaon WG

Excluded by R ,,
W 95% CL
B 67.28% CL

mH+ (Gev)

P et S '."/:4: i

100

| Uszt

[P B -+71w
r B — Dmv
B B = Xy

}kl‘ll\r\ ‘H']II ]l
100 200 400

500

See talk by B. Sciascia (FlaviaNet Kaon WG)

ll]l

Trrvrrrqrs T rTrrrprrorr
600 700 80O Qno

]

[hep ph 0908 3470v J

1000




CURRENT STATUS of CKM Unitarity

B. Marciano
IVual?#[Vus?+Vup|>=0.9999(4)y o (4)vus
=0.9999(6)
Outstanding Agreement With Unitarity

Confirms CVC & SM Radiative Corrections:
2aln(mz/my)/a+... =+3.6% at 60 sigma level!

Naively Fits m,=90(7)GeV vs 91.1875GeV (Direct)

Comparison of G, with other measurements (normalization)
constrains or unveils “New Physics”

New Physics Constraints-Implications:

Exotic Muon Decays, W*bosons, SUSY, Technicolor,

Z' Bosons, H*, Heavy Quark/Lepton Mixing...

* 8Vus=0.5% combined with §Vud=0.02% (nuclear beta decays) allow to probe NP
effective scales of the order of 10 TeV.

.8
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An independent approach: Vus from t decays

Comparison between lattice and other determinations

| V | [V_ | from the EM-T FESRs
Uus s

N:=2+1 | 0.2253(10)
Nf = 2 0.2251(18)
3-dec.’ 0.22544(95)
r-dec.? 0.2165(26)
r-dec.” 0.2214(36)

! Hardy & Towner
2 Gamiz et al.
3 Maltman

Missing t->K4pi, K3pi.. Adding these modes Vus will raise
See talk by K. Maltman




( Intro 2: what is ¢, (experimentally) )

\
However, the actual physical admixtures are (slightly) different:
|Ks) o |K)aven + €K )odd Reflecting the experimental fact that
. i . mixing (slightly) violates CP
|]\ L) X |I\ >«,ul«l K Jeven
small parameter
( )
The magnitude of this CP violation is accessed experimentally by measuring the amplitude ratios:
., (wta~|KL) I (70 K,) Note: K, can decay to mr either
M- (mta—|Kg) oo (770 Kg) directly or indirectly, namely via
mixing into K,
g It t t that th ding t f CP violati be disentangled A
urns out that the corresponding types o violation can be disentangle
~—— by the following quantities: -/
— P, ' — l ( )
K = 3 (Moo + 214-) € = 3 k= =100
“Indirect” CP violation “Direct” CP violation
(through mixing) (directly in the decay)
. J

See talk by D. Guadagnoli



Evaluation of CKM constraint from ¢, up to 2007

y T (ML
K = ¢ sing, ( v +f> M;o* = F(pm) B 8/3 F2 M?
MK

B, from Lattice, known at 10%

¢ — Imdg with A, the amplitude for the decay
b ReAg K® — 7rmr (0-isospin)

Standard approximation:
Since ATK ~ -2AMK, assume ¢, = 45°
Assume& =0

See talk by D. Guadagnoli



Dramatic recent progress in B, evaluation (see P. Dimopoulos talk)

Ny =0 |
Y. Aoki et al. 2006 }——.—| DW *
ALPHA 2007 — @ — T™ * :
CP-PACS 2008 | @ DW * 8
ALPHA 2009 |—‘~| OS-TM * ot
Ny =2 g
Y Aoki et al. 2005 . DW =
JLQCD 2008 - )% =
ETMC 2010 - OS/TM * c
3
Nf =241 | —
RBC-UKQCD 2010 DW * =
ALV 2009 DW/MILC *
BSW 2010 HYP—STAG/ MILC *
02 03 04 05 06 07 08 09 1.0 1.1 1.2 1.3
Averages: Lahio, Lunghi, Van de Water: B, = 0.725(26)
Lubicz: By = 0.731(36)

Present accuracy calls for improvements in ¢, CKM contraint



Evaluation of CKM constraint at present (2010)

Evaluation of superweak phase, ¢, = 43.5°  _ _ g, (Im(ﬂf{-‘é) +£>

A Mg

Buras, Guadagnoli (2008), Buras, Guadagnoli, Isidori (2010) re-
esamine the &€ = 0 assumption and evaluate at NLO

€K

K, eitsw//2 (

|

m(ME)
Aﬂ[[{

The net effect is k, = 0.94(2), imposing a ~2¢ tension, confirmed
by UT fit and CKM fitter

€x X '_7(1—[_)) =

le|P™ ke Bi |Vib|* [Vus|? R? sin 28

L

Ser|SM

lexc|SM

th sinfB cosf « Rf sin2 f8

(5%

fmﬂm

g

d BK
\ BI\' /

2

8|V |\ SR\ |
1— 2 ~ 15%
i ( I‘Cb| " Ry 7

See D. Guadagnoli talk



Important step forward by experiment for NP tests

Lepton Universality tests with
Leptonic Kaon decays

Cristina Lazzeroni

(Royal Society University Fellow,
University of Birmingham)

for the NA62 collaboration

(Bern ITP, Birmingham, CERN, Dubna, Fairfax, Ferrara, Florence, Frascati,
IHEP Protvino, INR Moscow, Louvain, Mainz, Merced, Naples, Perugia, Pisq,
Rome |, Rome Il, Saclay, San Luis Potosi, SLAC, Sofia, TRIUMF, Turin)



RK in the SM

Observable sensitive to lepton flavour violation and its SM expectation:

Re _ '"K* — e*v) B m?2 [ m#% — m? ’ (1 + sRiadcorr.)
T T(KE = utv) m? mi, — m? N K |
(similarly, R in the pion sector) ' Radiative correction (few %)

$ due to K*—e*vy (IB) process,
Helicity suppression: f~10-5 by definition included into Ry
-
e-l-
e SM prediction: excellent sub-permille accuracy
due to cancellation of hadronic uncertainties. Ve s Vi
e Measurements of R, and R_have long been
considered as tests of lepton universality. ReM = (2.477+0.001)x107
e Recently understood: helicity suppression of RM = (12.352+0.001)x107
R, might enhance sensitivity to non-SM Phys. Lett. 99 (2007) 231801

effects to an experimentally accessible level. 5



RK beyond the SM

o PRD 74 (2006) 011701,
2HDM - tree level (including SUSY) JHEP 0811 (2008) 042
K, can proceed via exchange of s Ass
charged Higgs H+ instead of W= + H+ ,

- Does not affect the ratio Ry K tiggs) "\15'9"‘“’
2HDM - one-loop level ! s Vv
Dominant contribution to AR,: H* mediated
LFV (rather than LFC) with emission of v, Analogous SUSY effect
- R, enhancement can be experimentally accessible in pion decay is suppressed
4 o | by a factor (M_/M,)* =~ 6x10-3
RII-(FV ~ Rf»(M 1+ (1\14K ) (Mg> A13|?tan® ,g] (see also PRD76 (007) 095017)
H= e
Up to ~1% effect Large effects in B decays
- due to (Mg/M,)%~10%:
slepton mixing A;=5x107%, B,./B., 2 ~50% enhancement;
tanf=40, M,=500 GeV/c? B../B_, > enhanced by
lead to RMSSM = R, SM(1+0.013) ~one order of magnitude.
Out of reach: Brs™(B,,)=10-1




The NA48/NA62 experiment

:
S - - -
. = -

1997: ¢'/e: K, +K,

Jura mountains s 1998: K +K,
T e e '_'__:-*'., 255 -'-‘V- ﬁ- 1999: K, +
S NA48/NA62 & dNA48< LK Ks HI
e o N e I s discovery
Suitzedang = 27 <SPS _~ - i b |} of direct | 12000: K _only |KgHI
o s o 48 : |2001: K+K; |k HI
,,,,,,, NA48/1{ 2002: Kg/hyperons
"""""""""" (12003: K*/K-
MNA48/2+

2004: K+/K-

2007: K:,,/K,

NA62
Primary SPS protons (400 GeV/c): 1.8x10!2/SPS spill (hase )| [008: Ko /K-
Unseparated secondary positive beam: p=(74.0+1.6) GeV/c ! 2007_20;’1 —
Composition: K*(x*) = 5%(63%). NA62 | design & construction
K* decaying in vacuum tank: 18%. (phase II)* 2012-2015:

(. K*—x*vv data taking



Measurement strategy: a counting experiment

Large common part (topological similarity) :Z 0.06/ Missing mass vs lepton momentum
« one reconstructed track; g | electron mass hypothesis
e geometrical acceptance cuts; Fiaa'! A

e K decay vertex: closest approach = o Kuz (data)

of track & nominal kaon axis;
e veto extra LKr energy deposition clusters;
e track momentum: 13GeV/c<p<65GeV/c.

Kinematic separation
0 10 20 30 40 50 60 70

= (Px — H)2 Track momentum (GeV/c)
104 Log scale Data

missing mass | M2

™M1iss

Py : average measured with K;_ decays
> Sufficient K,/K , separation at p, ., <25GeV/c ¢
10°

Separation by particle ID
E/p = (LKr energy deposit/track momentum). '*
(0.9 to 0.95)<E/p<1.10 for electrons, 1o

E/p<0.85 for muons.
- Powerful u* suppression in e* sample: ~10° 10zo

0.2 04 0.6 0.8 1 1.2
E/p: Energy/Track momentum



Ke2 and Km2 Slgnal selection

[NA62 [k, candidates| [Tk, candidates __NAG2
0 E=="Data 5 T 1o P N N—— Data
C (I K —u'v = K —)ﬂou"\'
[T K =u'y (1 —e?) - | K'->na*n*n
([ K —e'vy (SD’) : ] K"_)n’no
B Beam halo sl i e T (| Bgam‘bhalo
103 :_ E K.—)n°e\' .................. 10 E_ L ... E K N \'
- | K —ren’ u
" | K ety i ' '
102 S T S -

10
-0.06 -0.04 -0.02 0 0. 02 0.04 0. 06 -0.1 -0.05 0 0. 05 0.1
Miiss(e), (GeVic® M2 (1), (GeV/c?)?
59,963 K*—e*v candidates. 18.030 M candidates
Positron ID efficiency: (99.27+0.05)%. with low background
B/(S+B) = (8.8+0.3)%. B/(S+B) = 0.38%

NA62 estimated total K, sample:
~130K K* & ~20K K- candidates



Result for RK
IS eprea———
Ry (2.486 = 0.011,.,; + 0.007syst) x 10—

= (2.486 = 0.013) x 10-°

(new:
June 2010)

Measyrements of R, x 10°

20r Uncertainties
- Source 5R,x105
27 N N Y R S — Statistical 0.011
- o1 L] ke 0.005
osl Lo Lo 14 L1 BR(K,,, SD*) 0.004
¢ ] 1T Beam halo 0.001
" [ 1T 1 1 I T Acceptance 0.002
2.45— L. ----- I ...................... t ...... ............................. ...................... }- ,,,,,, DCH alignment 0.001
B t Positron ID 0.001
PSP | S N R S S S 1-track trigger  0.002
" Independent measurements | Total 0.013
7| in lepton momentum bins | NA;62 (0.52% precision)
235 T T

20 30 20 50 60 Preliminary result: R,=2.500(16)x10->.

. : Lepton m‘,)me"t"m’ GeVic Shift due to multi-photon corrections
(systematic errors included, partially correlated) to the K_,, (IB) decay 15
Y .



RK: world average and Higgs exclusion plot

— = Teévatron Run II
PDG'08 | [*+— June'10 average (M,,, tanp) 95% exclusion limits
2HDM-II
Clark et al. (1972
® ark et al. (1972) R, =2.487(12)x10°
Heard et al. (1975)
o
Y
Heintze et al. (1976) ;,’
@ Q
e
et
©
L KLOE (2009) o
NA62 (2010) a
[ partial data set -
_ ~ "Ry: 95% CL exclusion
lllll IIIISIMI Illllllllllllllll -A13=1X1o.3
3 24 25 26 27 28 . B A =5x107
R,x10 | F ,Is,s=|1x1ol4
World average dR x10° Precision 4 05 06 07 08 09 1
March 2009 2.467x0.024 0.97% H* mass, Tev/c?
June 2010 2.487+0.012 0.48% For non-tiny values of the

Ry measurements are currently in agreement
with the SM expectation at ~10.

Any significant enhancement with respect

to the SM would be evidence of new physics.

LFV slepton mixing A5,
sensitivity to H* in R,=K,/K
is better than in B—tv
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- Summary of WG1 - The present status -

A general consideration: in the LHC era, still a lively and
vibrant field

The door to the flavor realm, Gu:
New result by MuLan experiment @ PSI: Gu now at the 1ppm level!
Difficult to even think to improve on that
Gm is like the fixed stars to which flavor physics has to confront

Vud determination:
An active community, many new experiments approved/running
New experimental techniques, leading to new determination
0+*->0* transitions dominate, but might change in a mid-term
future

Vus determination:
rock solid status of experimental data, @0.2% both from K5 and K,
major and fundamental improvements by Lattice
News from K oscillation (g) 2 20 tension on CKM UT fits



Summary of WGI - The future perspectives

Lattice reliability for Kaon observables gives confidence
when going up to B (SuperB)

Continuous further improvements from both experiments

and theory on KI3 FF’s are easily foreseen
new results by KLOE, NAxXx

LFV NP test from Ke2/Km?2

new measurement @0.5% presented for NA62
improvement on 1.3% mmt expected by KLOE

And waiting for ultra rare K decay experiments:
NA62, KOTO for NP in FCNC, K = nvv (see WG III)

CKM 1st row unitarity and gauge universality represent a tight
constraint for any NP model



