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WG1-mission / outline

V., - theory and experiment
v _from K-decays
- radiative corrections

| o - parametrisations
first row unitarity - experimental results
2 2 2! i
Vv F+lV I"+lV =1 - Callan-Treiman
| ud| | us| | Mb| - |attice
| . chiral PT
signs of BSM in Kaon decays results

V , from tau
experiment and theory
e constraints from unitarity
* New physics searches with
KI2

Apologies — | could not cover all the nice and interesting results!
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LHC-startup - post-diction
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NUCLEAR BETA-DECAY (talks by I. Towner)
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NEUTRON BETA-DECAY (talks by B. Plaster)

Meutron Lifetime [seconds]
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- neutron life-time
- beta-asymmetry g A/g_V

like for nuclear beta decay

measurement in experiments with cold and ultra-cold neutrons
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Error budget for nuclear and neutron beta decay

Nucleon beta decay Neutron beta decay

Nuclear 0'— 0"
V.= 097425:0.00023

W
o
T
|

3 R - issue with neutron life-time tau

- new experiments for tau and also g_A/g_V
which is source of dominant error
(PERKEO Il and UCNA)

N
=
o7
>
2

Uncertainty x 10°
=
=]

Review 05: V,; = 0.97380(40)
Sept ‘08 V,y = 0.97425(23)

error reduction mainly due to Marciano-Sirlin reevaluation of radiative correction.

PDG 2008 Neutron Result
Ve = 0.9746 (4), (IB)gA (2)rc

T

Dominant error
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Future for nuclear beta decay (Towner):

e Increase measured precision
on “traditional” nine ft-values

= measure new 0 — 0 decays
with 18 < A < 42 (T, =-1)

» measure new 0" — 0" decays
with A=262 (T,=0)
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Future perspectives for Neutron beta decay (B. Plaster)

A A Notes

Current 1.1% 0.23% J2P =23 for A
PDG 2008 4 I 4 results on A, —

restits 1on AandB Vi =2.0 ford
PERKEO III 0.3% 0.07% Running now 2008
Projected result
UCNA 1.0% 0.25% Running now 2008
i’:zi?::gd <0.7% <0.12% Projected 2009

PERKEO III (ILL) and UCNA (LANL) experiments new

precision data on_ to sub-0.1% level within next 2-3 years

Potentially reduce error contribution of A to V , by
factor of 3-4, but need consistency among results I/

Is current error on lifetime underestimated ?

Summary of WG1



- nuclear beta decay most precise §=0.02 %
|Vud| - competitor neutron beta decay will still need some time 6=0.2%
- but competition is healthy

- iIssue with nucleon life time needs clarification

Summary of WG1
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V| from semi-leptonic K-decays

Possible with KI3 and Kl2 but most news on KI3

2 2

i C GEZM? Ko .
LK, ) z—KlgF = Sew Va2 L OF Ldh, o) (148K, +8KC )2

273 en

with K=K K% {=e, 4 and C;7=1/2for K*, 1 for K°
Inputs from theory: Inputs from experiment:

Universal short distance

Sew an s F(EH{T'}) Branching ratios with
EW correction (1.0232) well determined
treatment of radiative Talks by

decays; lifetimes

g SK‘S*U(E]I Form factor correction for
* strong SU(2) breakin Sciascia,
Talk by Neufeld g SU@Q) g

I;;(()u) Phase space integral: A’s Sibidanov,

e oKkt~ Long distance EM parameterize form factor Wanke
- effects dependence on £ .
E_ . . .
L5 (0) I—ia{h onic matrlr}: element €] K., only A,
at zero momentum CT
/ transfer (£=0) K, :need A and A,
Talks by Flynn and Simula Talk by Passemar
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EM and SU(2) corrections (H. Neufeld)

numerics of EM corrections for K .3 (update) and K3 (new)
Cirigliano, Giannotti, Neufeld 2008

5Kl ¥* | v : o) 2_2
EM analysis at fixed chiral order O(e“p~)
* fully inclusive prescription of real photon emission

* update of structure-dependent EM contributions (K, X from

Ananthanarayan, Moussallam 2004; Descotes-Genon, Moussallam 2005)

(0 g -

I2)(N) | 0BL(Ds) (%) | 0KE(Dy_3) (%) | 0KL (%)
K?, [ 0.103070 0.50 0.49 0.99 4 0.22
Kei3 0.105972 -0.35 0.45 0.10 + 0.25
Kﬂg 0.068467 1.38 0.02 1.40 +0.22
K;tg 0.070324 0.007 0.009 0.016 + 0.25

55](2) Updated value by Kastner and Neufeld 2008:
2*65[__'(2} — U.[]E'S(S)
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Fiavi A_

Kaon WG average (B. Sciascia)

18 input measurements: Parameter Value S
S KTV ratios BR{K.3) 0.4056(7) 1.1
‘ BR{K ,3) 0.2705(7) 1.1
NA48 K. /2t and T(3n0) e e o
4 KLOE BRs K pioresn | v |1
KLOE, NA48n™n /K, L /

KLOE, NA4S T’}’B:‘IGL BR{x+ 7 ) 1.997(7) = 10— | 1.1
PDG ETAFIT for n'n /71 BR(27") 8.64(4) = 1071 | 1.3
KLOE 1; from 3n° BR{~~] 5.A7(4) < 1074 | 1.1
Vosburgh 72 1t T, 51.17(20) ns 1.1

Parameter Value S

BR(Kp2) | 63.5710)% | 1.1

25 input measurements BR(Kn2) 20.64(7)% 1.1

(cf. B. Sciascia's talk) K= BR(Knrm) | 5.593(32)% | 1.1

BR(Ke3) | 5.07825)% | 1.2

BR(Ku3) | 3.36526)% | 1.7

BR(Knm°n®) | 1.750(26)% | 1.1

Summ T 12.37921) ns | 1.9




Time-evolution (B. Sciascia)

BR(K,;) [%]
| I I I I 1
PDG 04 -
PDG ‘08 .
This fit =
| 1 L 1 I 1 1
38 40
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NA48 — most precise single measurement for charged Kaon decay (Rainer Wanke's talk)

Absolute BR’s: (Update w.r.t. publication)
Use new KLOE measurement of Br(Ky,(,y) = 0.2065(5)(8),
shifted (+0.06%) to 7+ = 12.370(19) ns (average PDG'06 & KLOE'08):

Br(KfS) — 0.05104 = 0.0001945 = 0.00008gys &= 0.00023porm
Br(Kf3) — 0.03380 = 0.00013stat £ 0.000065ys = 0.00015n0rm

Most precise single measurements!

PDG 2006 ¢
ISTRA+ (2007) R — PDG 2006 .
NA48/2 (2007) — NA48/2 (2007) ——
KLOE (2008) | — — . IIIIIIIIIIIIIIIIII KLOE (2008) | — —
0.049 00495 005 00505 0.051 0.0515 0.032 0.0325 0.033 0.0335 0.034
Br(k>,) Br(K?,)

Summary of WG1



How to parametrise the K — 1 form factors?:

scalar form factor
- polynomial, z-parametrisation (R. Hill)

- dispersion relation with subtraction at
input:¢°=0,A_,
determlne from fit

> ,(0) = 1 input
> T,(A,,) = C. Callan- T%mnt \ (E. Passemar)
- Kn scattering phase '

F—3-00

— Asymptotic behaviour of the form factor :ﬂ(s) = O(1/s)

i f ApsBpg=0) Tds _ 4(5)
So(t) = exp[ﬂ“ x = (5=A ) (s=1)

(In C - G{t}]] with G =

- ¢(t) phase of the form factor : ?u(ﬂ _ ‘?e(t)

Ei#(t}

also dispersive approach for vector form factor

Summary of WG1



Results for form factor params - correlations (B. Sciascia)

F lavi A » Gives combined results from independent experiments

Kaon WG (KLOE, ISTRA, NA48, KteV, http://www.Inf.infn.it/wg/vus/)
 Consider K;, K., and K*

PRSI

]

KLOE

KTeV ISTRA

AT =107

252 a0’

0

Summary of WG1

15 %100

10 contour
for all the
experimental
results.


http://www.lnf.infn.it/wg/vus/

EM corrections by Cirigliano, Gianotti, Neufeld 2008 and
SU(2) corrections by Kastner and Neufeld 2008 (B. Sciascia)

8 suz)(%0) |0 (%) K%3 K'u3 K'e3 K'u3
K%3 0 +0.50(11) K%3 1 0.69 0.08 -0.15
K° 0 +0.70(11 K° 1 0.08 values
H3 = H3 = (R used to
K'e3 +2.36(22) +0.05(13) K'e3 1 0.76 extract
K'u3 +2.36(22) +0.01(12) K3 1 [Vl 1:(0)
Available correlation matrix between different §,,, corrections.
Approx. contr. to % err from:
0.215 0.2175 %er BR 1 & Ik
— K;e3 0.2164(6) 0.26 0.09 0.19 0.11 0.09
lavi A
Kaon WG
—— K;p3  0.2170(6) 0.29 610 018011 015
. K3 0.2156(13) 0.62 0.60 0.03 0.11 0.09
| P K'%e3 0.2174(8) 0.38 0.26 0.13 0.25 0.09
F(0)% Ve * K3 02177(11) 051 0.40 0.13 025 0.15
" 0215 02175

Average: |V, | £.(0) =0.2167(5)  x*/ndf =2.83/4 (59%)

by charge:
K, s = 0.2165(5),

K*=0.2174(8)



KLOE has variety of channels for KI3 (A. Sibidanov's talk)

If_(fll)l‘flu..ql;,l_ I .Km 0.2155(7)  0.3%
— e K5 02167(9) 0.4%

: K, ., 0.2153(14) 0.7%

3 I{i 0.2152(13) 0.6%

. K, 0.2182(15) 0.7%

0.213 (L.215 0.217

Summary of WG1



Lattice QCD results relevant for V  from KI2 and KI3 (S. Simula)

1 P J § — — M pe
Cop(t) = [ (A (x) P(0))——————(0[q7.y.4'| PS)(PS|qy 59| O)e ™

QCD 2M o ‘
> \/EIM{PS Jes
BMW: Diirr @ Lattice “08
. . 1.3 :
dominant systematic errors here | |
e discretisation errors ¥ LN
. s . . e a~0.085fm
finite lattice spacing = cut-off 121 & R
Contlnuum ||m|t | H\+\*\\\\ a=0 (extr.)
 finite volume o e
. . . P O e RSl
analytical estimates or scaling study E T
b quark mass I M, = 190 MeV = e
physical quark mass currently not feasible i} o
simulate “heavy pions” and use _ R
ChiPT to extrapolate to the physical point : — zﬂ'gs e
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Conceptual question: (J. Flynn, RBC/UKQCD)

Chiral extrapolations are used for decay constants, PS masses and form factors, ...
Does SU(3)xSU(3) ChiPT at NLO fit the data?

» Chiral perturbation theory (ChPT) is used for the extrapolation
m; — Mygq4
» How reliable?

» What are the values of the Low Energy Constants (LECs)?
» SU(3)L X SU(3)r or SU(2)L x SU(2)r?

24 8
fﬂ_ — f {] —+ fO—L4X fO_LSXud
1 Xud Xud+Xs Xud"_Xs
: S X £Xs 1o Xeat X )
167252 (2xualog Az T2 T2AZ

where x,;, = 2Bom; for i = ud, s, x,, = (xua + 2x5s)/3 and
X = (ZXud + XS)/3
» Do such formulae represent our data?

Same questions recently addressed by RBC/UKQCD, ETMC and PACS-CS

Summary of WG1



Chiral extrapolations of decay constants, PS masses and form factors
does SU(3)xSU(3) ChiPT at NLO fit the data? (J. Flynn)

for pion:

- NLO SU(3) fits to PS masses and decay constants works well for mpi<400 MeV
NLO contrib 50%

- NLO SU(2) smaller contribs.

for kaon: strange seems to heavy -> KChitPT
(first by Roessel, now Flynn, Sachrajda)

- only u&d transform, strange as matter field
- fits work well

Summary of WG1



Lattice results: KI3 form factor (S. Simula)

_ CEG#M,
('r)) 19273

K°nt _
(K, Sew [Vasl® 1L OF T, (A, o) (148K 50,485,

o~

(w (P )V |K (pe)) = 1.\ J(px+p2), + (@ (P - Px),

InChiPT:  £.(0)=1+f, @

compute this on the lattice

- for various light quark masses to be extrapolated

- for various lattice Fourier momenta to be interpolated
(or use “partially twisted boundary conditions” which
allows to remove systematic due to the interpolation)

1.00 . R ——

D99F 8
1
o i RBC/UKQCD, Nf=2+1
2 0.98 F|Y- .
","\ 0.98 EL I & @ Ny — 2 (347
=) . v uZ : A & N =2} 1016
wt £y subtracted [f (0) - f 7] 097 LI " om N —2
0.97 |-+ \. | o O Leutwyler & Roos
add f v v Cirigliano
- 106 O 0O Bynens
0.96 ' =i Lo A Tamin
 ETMC, Nf=2, prelim- b 8 Jumie
T ———— Summe o0 o1 @z o3 02 05

.00 0.0z 0.04 0.06 0.0

, m? [CeV?
(aM)



K->pi scalar form factor — summary of lattice results (S. Simula)

T T T T T T T T | T T T T T T T T | T T T T
: E —{— ! ]

= LR '84 ]
i N —e— ChPT + LR ]
— = —{— ChPT «+ disp. —
[ 2 — . ChPT + 1/N ]
L O o ]
- N =0 —— SPQ_R '04
[ 0 N, =2 . JLQCD '05 ]
— 2 o RBC ‘06 —
L 4 i
- © o QCDSF '07 -
- o ETM '08 —~
o N =241 . B ENAL/MILC '04 -
I o RBC/UKQCD '08
i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]

0.85 0.90 0.95 1.00 1.05 1.10
f (0O)
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fK/fpi from the lattice — summary of results (S. Simula)

I

ff'mf{ 1 — H:r;;‘).a,.f'm_:f. ,. ) |
; -] % (L+den) (Marciano)

] S iy “EL1L
I — 7/ mz

£/

L I I l
L N 5 i
r f e —! ETM "08 1
| a=20 ]
r e NPLQCD '06 1
B N =2 +1 N
— a=0 =) 1 REC/UKQCD "O8 —]
- ——i— PACS-CS "08 -
B Sy MILC '04 - '07 |
B I'«If =2+ 1 ]
- a0 8- HPQCD '08 n
- —— BMW "0O8 -
1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40
f /7 f
I T
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Experiment + Lattice -> FLAVIANet summary (B. Sciascia)

K13: [V | f.(0) =0.2167(5) and £,(0) = 0.964(5), obtain |V | = 0.2247(12)
KI12: [V V. d filf, = 0.2760(6) and f./f;,= 1.189(7), obtain [V J|/|V ,/=0.2322(15)
V., from nuclear p decay: V , = 0.97425(23) [Towner, CKMOS§]

“. Fit (no CKM unitarity constraint):

o2zof FlaviA
| s\ Wl 00 V,q = 0.97425(23); V, = 0.2254(9)
| i ¥2df = 0.60/1 (44%)
f

W I g o N .
\ = * Umitanty: 1-V -V == 0.00003(60)

.00 = 0.8544{49]
fiedF = 11857 \

* The test on the unitarity of CKM can be
0.225 Ly T also interpreted as a test of the universality
\ k) of lepton and quark gauge coupling:
. - rol - - 2112
\ Gornt = Gy [[Vial? + [Vie[* + [Via)*]
\5 = (11662 + 0.0004) » 1077 GeV~—-

-

e oty G, = (1166371 £ 0.000007) x 1077 GeV~?

Fit (with CKM unitarity constraint):  V__= 0.2254(7) % /ndf = 0.60/2 (74%)
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Watch out for FLAVIANet summary of lattice results
(including summary of systematic errors)

Playing around with the data (B. Sciascia):
Use experiment to compute EM corrections to Ki3:

empirical evaluation of SU(2) breaking correction : 2.81(38)%.
To be compared with ¥ prediction 2.36(22)% (Kastner and Neufeld: 2.9(4)%0).
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I’K I [I’Tr fD(G)]

Callan-Treiman on the lattice — results by ETMC '08 (S. Simula)

f (q: =M; - M) 1.

+0(m,)

1.3 e ey e fu(o) f. fu(U)
"\  PRELIMINARY ] |
L MK — MK h .
1.2 — . - .
I ) 1.25+ 0.03
- - T T T T T 1T T T T [ T ] T TTT T T T
1.1 - n attic ~ -
SU(3) symmetric point i attice s ETM 108 (N, = 2)
i M o= M s 1 L___ _________&. ___________
_— =) I{I2 7 L K|3 and Vud
10 (== ————— = = g — — — —— — — — — e ————— — o
L | phys 2 B from A, Measurements ]
P @ M) — [FlaviAnet '07] e ISTRA N
i . - — NA4S ]
[_l_"] :I 1 1 | 1 1 1 | ; '—'—‘ KLDE ;
0,00 0.07 0.04 0.06 0.08 ; KTev ;
2‘ = .
(aM) Ll L e e,
1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1
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Yet another way to determine it: Vus from hadronic tau decays (A. Pich)

o I'(t” > v,+had)

— le.r | [(1+ 2x) Im TTY (xm’ ) + Im H“"}(xmi)]

. ¢ o V.e v )

Taking as input (from non t sources) ms(mr) =100+10 MeV :

ORTy = 0.216 (16) Vis|=0.2212 £0.0031,,, +0.0005,,



mode Buwazeor (%)

TKv 0.691+0.023 (measured)
0.715:0.003 (K,.)
Kndy 0.42610.016
=Ry 0.831+0.028 (5:1.3) —» 0.835+0.022
I 0.058+0.024 ]
RO iy 0.360:0.040
K 0.280+0.016 (S=1.9) hadronic tau decays (R. Kass)
Ky 0.0160+0.002
T—K%3n)v 0.074+0.030 estimated newer reSUltS
=K, (1270)v—K-ov | 0.067+0.021 That's quite low:
= >(B%m) v 0.011+0.007 estimated Pich's update agrees:
B 0.12+0.004 (5:-2)
K v 0.00370:0.00025 s W 0.2165+ O-OOZchp + 0.0005ﬂ1
TOTAL 2.830:0.074 —» 2-83410.074

2. 854:+0 071(K,.,) —» 2.858+0.071

| v'-'sl =0.2154+0.0031 - |V, | from BFs ~30 lower
|Vu5| =0.2163+0.0031 using K“Z than unitarity calculation

|V ,.1=0.2262+0.0011 using unitarity

Bz > Kv,) felV] A=mg/m.)"  leptonic tau decay

usl_

B(t- > v V1P (l=m? S m?)?
( — :) f;.,r 7 ud ‘ ( n f) but: individual rates not compatible

‘ Vus ‘ =0.2255+0.0023 with universality:

T—vy: g,/9.=1.0036+£0.0020 RgBar ICHEPOS
T—K-v: 9,/9.=0.9859+0.0057
Summary of WG1 Ty M!f“-““’—'“- 0087



OK, we don't see a unitarity violation (excluding for now tau decays),
but what can we learn from this?
Constraints from the first row

Marciano: one can constrain

Heavy New Quark or Lepton Mixing, Wp,
W*(extra dim.), Leptoquarks, Z', Supersymmetry,
Scalars, Exotic Muon Decays....

mi., L tan? /3
M é N ms ) 1+ €ptan 3

e.g. Scalar coupling:

[’;{.S ( K f‘ﬁ v nrf( — () )
LZ{S (I .rii? ) tfd( )
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Constraints from the first row — is the Fermi constant universal? (W. Marciano)

assuming CKM-unitarity

CKM Unitarity: G¢°*M=1.166079(409)x10-°GeV-?

Various Fermi Constants

Ge x10°GeV? Input
1.166371(6) Muon Lifetime
1.166079(409) CKM Unitarity
1.165600(1100) o, My, sin?0,(M2)us — S=0.08(11)
1.166202(1400) ['(Z—I1*I"), sin?0,,(My)ys—1=-0.02(15)
1.167071(2600) ['(t—evv)

1.166954(2700) ['(t—uvv)

etc.

No Deviation
No Sign of “New Physics”

Summary of WG1



Current precision of unitarity test allows for constraints,

- e.g. exotic muon decay BR=0.0005‘(7) allowed =0.0015 (90%CL)
- heavy quark mixing V,<0.04

If A.J. screwed up with f,(0) ...

What If V,,=0.218(2) (tau decays, f.(0) of v Pert. Th.)?
IV, qlP | Vy?+|V,p|?=0.9963(11) 3.4sigma deviation
More Interesting-Potential Future 4-5 sigmal
With improvements in f,(0), f /f_, tau exp.
Then pick your favorite “New Physics”
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Further tests with Kaon decays

Summary of WG1



Further tests with Kaon decays (T. Spadaro)

Reu =I'(K )T (Kus) - GG,

Test of lepton universality for weak vector currents

Result, gf/’g: = 1.0043(52), comparable w gplfgf('l:):{].9998(40)
R, =T'(K—= pv)/I'(t — uv),

Test for H+ exchange (scalar) or presence of right-handed currents
R =I'(K— ev)['(K —> uv)

Test for LFV due to effective pseudoscalar weak currents

Scenario e.g. contribution from additional scalar current:

,_m i + (1 _ Md tan? /3
MG, ms ) 1+ €ptan 3

Summary of WG1
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Further tests with Kaons (T. Spadaro)

Vis(IW ) Vg(0F — 07)

Result is: il A - _
I,-'__”H (Ii ff:%) TV.-'Hr}‘ {:WF.'E }

= 1.0028(74)

...................

tan([3)

80

NP sensitivity from K— pv comparable to
that from BR(B — 1v) = 1.42(44)x10™

[Babar-Belle avg, update expected from new results] ¢,

F-Tavi A
net

S Kaon We

Error dominated bv theoretical
uncertainties in form factors

40

NP induced by weak right-handed currents
can be also tested (there, complement
lattice information with Callan-Treiman
scalar ff constraint) [FlaviaNet arXiv:0801.1817]

” B 95% CL from K—uvin—uv
95¢% CL from B—1v

100 200 300 400 500
charged Higgs mass {GE\HCE}
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Also interesting, theory much better than experiment and currently agreement (T. Spadaro):
K ]_( (?2)/ ]_( ;12)

KLOE, NA48/2 and NA68 working hard to push uncertainty down to 1% level
SM: Cirigliano and Rossel: 2.477(1)x10™°

Recent (preliminary) results improved greatly with respect to 2006 PDG
World average, R _= 2.457(32)x107, agrees with SM

Clark, 1972 _—
Heintze, 1976 e 7, crmmm—
NA48/2 (2003), prel. —i— — SM
NA48/2 (2004), prel. | kaoNo7 =, "
!
KLOE, prelim. | ' i R, (107)
I I IIIIi Ii'llrllllllll IIIII|II|

21 22 23 24 25 28 27 28 29

Huge effort to enter the precision realm for R:
* KLOE expects to push error @ ~1.3 %, after analysis completion
* NA62 dedicated 2007 run aims at reaching <0.5% error

Summary of WG1



Rare decays of Kaons
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Rare Kaon decays in the SM (J. Brod)

@ Rare K decays test high-energy degrees of freedom
@ Branching ratios can be predicted with remarkable precision

@ Errors are dominated by parametric uncertainties and can be
reduced significantly in the future

Theory Experiment
K, — m%Te™ | (3.5410%38) x 10712 < 28 x 10711 KTEV
K=t~ | (14175350 x 1071 <38 x 1071 KTEV
</KL = n”m-f\ (2.76 + 0.40) x 10~ < 6.7 x 1078 £3915
+ . —+.5 —11 +1.15 —10 E787
K\ rry (8.51 +0.70) x 10 (1.737752) x 10 o

short distance dominated
Sozzi: The holy grail - “Theoretical heaven and experimental hell”

Summary of WG1



SM error budget (J. Brod)

Kt — ntup

17% me. 31% Theory
me, kg

@ Error dominated by CKM

elements

@ Theory error can still be

reduced
'—

1% K, — 7vi

e Mainly parametric uncertainties
@ Electroweak corrections to X;

[E391a '08]




Range (cm)

Experimental results (D. Jaffe)

4 Measured B(K*™ — ntviv) for E949 & E787

sf  E787/E949
[ M This analvsis ]
iEE o Bl — mt) = (1L73745) x 10
O L i ] m [ he probability of all 7
: *; """" : events to be due to
= P ] background only is 0.001.
“F 2 ] m SM expectation:
20 | - B = (0.85+0.07) x 107
b | F -
10 :||| ||||||||||||||||||I|||||||||||||||||||||||||||

50 &0 70 80 90 100 110 120 130 140 15(C
Energy (MeV)
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- K — vV : best probe, and their correlation tests various possible models

HEREH B T

e ]

3.0xB,,

Bsm 1.8x 'Bsm'
114.8
103.6 Excluded area
Crrossrain-Nir bound
_ 0T 4
= 812
"
~—. 70.0
-
— } "
- SK.X
A
‘476
4
0 36.4
25.2 by
o
14.1 ey
""‘_/ /-I/ /E e
2.9/ Ay bl

MSSM-A

3bBxB,,

|28 x By,

v 20x B

A T T A,
Ry

R R
A e
| R S

e
T

5% B0 102 124 146 168 190 21.2 234 256 278

B(K >t vw)x 10"

Summary o

f WG1

=10

13xB,,
9xB,,

5X55M
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Constrain CKM triangle with Kaon input only (C. Smith)

—— 3 _]
h 0.,
2 | K, 5w vv:
: theory n<l1i
1 K, — nlete :
E 7 <33
LKE 0 + -
- K, 5mpup
R 7<54
- :. S S A 5 2]
-1 0 1 2 3 #
A (optimistic) look into the future — future experimental bound (M. Sozzi):
= 1o Tomorrow
100 events (2012?)
“EMean=SM ;
: S
= = 00 events
'ﬂj@. L PR L ST R e 1 L @l -
N -5 1 P -1 P

Ongoing and future experiments will tell us



C. Smith (slide) and M. Sozzi:

1-K > nvv and K, — n (e decays are unique windows into the s — d sector.

Essential to constrain (and discriminate among) New Physics models.

2- Still, do not forget K, — 1 1™, the only mode measured with precision.
Further theoretical work would be much welcome on the two-photon contribution.
3- Message to experimentalists: Go for the K — mVV modes, they are the cleanest,

But do not disregard other modes:

K, — n’(*(~ : Sensitive to a larger class of NP effects

K, — :n:[}{”rf_,KL — now, K,; : Theoretical control for rare K decays
K, — :rl:gﬁp{._.}?{'+ — Ttyy : Theoretical control over K, — Tt

K — (m)elw : Probably too small, but one never knows...

Summary of WG1



Summary

« first row unitarity confirmed: 1-V_.2-V_? = 0.00003(60)

* best determination currently from
- Vud — nuclear beta decay
- Vus — KI3 exp. lattice
(though KI2 on the lattice is catching up)
- tau decay for Vus on the low side

« lattice QCD:
- many collaborations are computing observables (KI2 and KI3, independent results)
- close to physical point, so systematics better under control
- tests of ChiPT

* precision in first row unitarity test allows for constraints on NP
(but bear in mind destructive interference)

« tests of lepton flavour violation and scalar couplings from leptonic K-decays
will soon become better (experiment)

* theory fine for discussed rare decays — have to wait experiments

Summary of WG1



Status of the book

Summary of WG1



In the introductory part: primers on OPE, lattice, generic fromulas

THE BOOK — a prelim outline

3 Measurement of the Cabibbo angle: |1,4] and [V,.| [25 pages]

4.1

Measurement of [Vig| [Towner UCNA] . 00 0 0 00 .
31,1 Nuclear heta decays . . . . . . . . . . .
4.1.2 Meutran r.ll"ul.].' ................
Measurement of [V, | [Cirigliano Mescia, Neufeld Passemar Pich] . . . . . . .. ..
321  Theoretical frameworl leptonic and semileptonic kaon decays © 0 0 0 0 0 0 .
Kyg and Kypa rates within the 83 0 0 0 0 0 0 . 0
Parametrization of Ky form factors © 0 0 0 0 L.
Dispersive constraints . . . . . . . . . ..
Wig and Rypr decavs bevond the SM 0 0 0 0 0 .
222 Data Analvsis (KLOE+NA4RY . . . . .. .. .
K" leading branching ratios and lifetime . . . .
HL:' leading branching ratios and lifetime .~ . . . . .
K¥* leading branching ratios and hfetime . . . . .
Measurement of BF(Ka)/BF(K,;2) .. ..
3 Measurements of Ky slopes . . . . . . .. 0.

[t
| SR SN )
[ R ]

E-uh
]-uh

determination from v decays . . . 0 . .

determination from Hyperons 0 0 0 0 0 . .

Results :t-n|1m'-11-*1'%.!"5'_mu'_n.]"lrnu_fk[nni;mu] e

.41
d.4.2
4.3.4

dod

Determination of |Vie| * f4(0) and |Vas|/|Via| % fre/fx
The parameters fo{0) and fr/fz . . . - 0 . . . .
Test of Cabibbo Universality or CKALD unitarity and
suppressed amplitudes . 0 0 0 0 00000000
Tests of Lepton Flavar Universality . . . 0 0 . 0 ..

Rare kaon I:.E'Ii'il‘p"'in[:".[l""il.i.il..:".i]]]'.1]].I".illK}‘Zi.["L-!'lh"....] ......

3.4.1
4.4.2

K — vw(#F¢7) in the SM and beyond . . . . . .

K — vB(£T67) present measurements and perspectives

Summary of WG1

- introductory part
- lead authors determined
- ~4 pages per sub-topic



Thank you for your attention!
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An aside: result of the dispersive fit (E. Passemar):

Experiment InC
Ked+Ku3
KTeV+BOPS Prel. 0.192(12)
KLOE’'08 0.204(25)
NA48’07 (K; only) 0.144(14)

* To be compared with

InC,,, =0.2160(35)(64)

KLOE and KTeV in agreement
and in agreement with the SM.
NA48 4 50 away !

If discrepancy eventually manifest, interpretation as BSM

Summary of WG1



Callan-Treimann Theorem (E. Passemar)

Callan-Treiman Theorem: SU(2) x SU(2) theorem

— F
C=fn(5£;r)= Ku +ﬂcr
. F_f*(0)
A, =m, —m’
Test of SM:

_ F ‘V"”‘ 1
Cc.,, = A = = + Ar
SM fu( Kﬂ‘} F, vud f_,.(ﬂ)' ‘V“ 1

A

Bib{:
C is predicted in the Standard Model using the measured Br:

Br(Kio/Tp). T(K.;) and [v,,| . (|V,

L5

not needed in this prediction.)

=) B, =1.2446+0.0041 InC;, =0.2188(35)+ A,

Summary of WG1



