- A |
B

Sixth International Workshop on Ciral Dynémics
Bern, July 6 - 10, 2009

Experimental
Information on V

Achim Denig (BaBar)
Institut fur Kernphysik, Johannes Gutenberg-Universitat Mainz



The CKM Matrix - Element V.

o sin 6

u
u
d, =d-cosO_ +s-sind, - S

VoLume 10, Numeer 12—PHYSICAL REVIEW LETTERS —15 Jung 1963

UNITARY SYMMETRY AND LEPTONIC DECAYS

Nicola Cabibbo
CERN, Geneva, Switzerland

(Received 29 April 1963)

Achim Denig Experimental Information on V,



The CKM Matrix - Element V.
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NV;_/<1 d, =d-cosO_ +s-sind, - S

VoLume 10, Numeer 12—PHYSICAL REVIEW LETTERS —15 Jung 1963

V., =sin 6, with 6, = Cabibbo Angle
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First Row CKM Unitarity Relation
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negligible
| Vb | = (3.93+0.36)-103
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First Row CKM Unitarity Relation

‘ ;/("] ‘ '//‘\ ‘ ’“h - o L
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CKM i s :

Via Vis Va v w2 |

2 2 2 A was ~20

Vi P+ 1V I+ =1=A 5004

negligible
|V, |=(3.93£0.36)-10°3
V.

 Super-allowed 0"— 0" Nucleus-Decays

e Neutron 3-Decay measurement
Neutron lifetime measurements

* Pion $-Decay measurement

|V, | = 0.97425 + 0.00022

Phys.Rev.C79 (2009) 055502
Towner - Hardy
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First Row CKM Unitarity Relation

Ve @ Vi W= »
V=l Vig Vig Voo |~ m B =
CKM . . _
Via Vis Va 23 =2 [l
2 2 2 A was ~20
Vi P+ 1V I+ =1=A 5004
negligible
V., |= (3.93+0.36)- 10
Vud‘. Vus‘.
* Super-allowed 0*— 0" Nucleus-Decays * Semileptonic kaon decays
* Neutron 3-Decay measurement * Leptonic kaon decays
Neutron lifetime measurements * Tau decays into kaon final states
« Pion B-Decay measurement » Improved theory (lattice, ¥PT, OPE, ...)
| Via | = 0.97425 £ 0.00022 A=0 > |V, |=0.2255+ 0.0010

Phys.Rev.C79 (2009) 055502

Towner - Hardy Most precise test of CKM Unitarity
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Outline

«sin 6, U
W\/< | Vs |
W- S
Kaon Decays Tau Decays
- Semileptonic K;; - Inclusive using OPE
- Leptonic Ky,/m, Fravi A - Exch}glve t—Kv/nv
=> see M. Antonelli talk! Kaon WG Sl D
=> see Ch. Sachrajda, J. Bijnens, ! D
U. Heller, 1. Rosell,

H. Neufeld talks!
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V,. from
Kaon Decays
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V. .. The Master - Formula for K— [ v

v
K—mlv (KI3) Ae_
Vus//’/
_ S o u
K’ _ Tt
d
Tyas= M [Vl J2(0) 19(hy) - (14,
| KI3 192 73 EW | usl + ] EM
lelrtial Decay Width
(Experiment)
— BR’s

— Lifetimes

Achim Denig Experimental Information on V.,



V. .. The Master - Formula for K— [ v

K—mlv (KI3) .
Vus/’/ Y
_ S  \d u
K’ - .
d
Short Distance Electroweak
Radiative corrections (Theory)
|
G 2. M b ‘
— K 2 . JKI .
! - \
Partial Decay Width Electromagnetic
(Exlg)ﬁriment) cosr{;ét)ions an(ti
— ’S correct.
— Lifetimes (Theory)
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V. .. The Master - Formula for K— [ v

K—mlv (KI3) ¢ -
Vus//’ Y
BN Y o\ u
()
d — d
Short Distance Electroweak Form Factor at =0
Radiative corrections (Theory) (Theory)
|
G 2. M 5 ‘
= I K 2 . JKI .
! e \
Partial Decay Width Electromagnetic
(Experiment) corrections and
— BR’s SU(2) correct.
— Lifetimes (Theory)
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V. .. The Master - Formula for K— [ v

K—mnlv (KI3) -
Vus//’ Y
_ S PN u
K - () Y A
d — d
Short Distance Electroweak Form Factor at =0
Radiative corrections (Theory) (Theory)
|
G 2. M.’ ‘
= I K 2 . JKI .
! K / :
Partial Decay Width Integral over the momentum Electromagnetic
(Experiment) dependence of the corrections and
— BR’s form factors (Experiment) SU(2) correct.
— Lifetimes (Theory)
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Experimentally extracted.: ‘ V ‘ £.(0) Flavi A

Kaon WG
|V | f (0) Approx. contrib. to % error from:
UstI+ %err BR T 0 K
0214 0.216 0.218 0.22
T T 1
—er K,e3 0.21652(56) 0.25 0.11 0.20 0.11 0.10
—e— K,n3 0.21746(69) 0.32 0.17 0.19 0.11 0.15
——— K3 0.21572(132) 0.61 0.60 0.03 0.11 0.10
—1 K*e3 0.21624(113) 0.52 0.31 0.06 0.41 0.09
— K*un3 0.21676(141) 0.65 0.48 0.06 0.41 0.15
0.2I1£.I I 02I16 l 02I18 . .0.I22
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Theoretical challenge: . (0) Flavi A

Kaon WG

Compilations: L. Lellouch, Lattice '08

[ l ' [ ! | ' [
sl f+(0) Leutwyler & Roos "84 Quark model
H Bijnens & Talavera ’03 ChPT + QM
H— Jamin et al ’05 ChPT = disp
= | Cirigliano et al 05 ChPT + 1INC
__ +epi sk | N.=0
- JLQCD °05 2 Wilson
H—T@—H RBC "06 2 DWF
i L 2 Stag+Wilson
RBC/UKQCD ’07
| T o e (2+1) DWF
0.96 0.98 1 1.02 1.04

* Discrepancy btw. Lattice and ChPT, which tends to give higher values for £, (0)

* Trend 1s to use lattice results,
FLAVIANET FLAG recommendation: f,(0) = 0.9644(49) RBC/UKQCD ’07
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Summary V,_from K,; Decays F- tavi A\

Kaon WG

K,; average: |V, | f.(0) = 0.21660(47)

With £.(0) = 0.9644(49) from lattice QCD:
K,; average: |V, | = 0.2246(12)

Using |V, ,| = 0.97425(22) (Towner-Hardy ‘09)
V. 2+V,2-1 =-0.0004(7)
Compatibility with unitarity -0.6c
was 0.031(15) in PDG04

Achim Denig Experimental Information on V.,



V. . from K,, Decays

Flavi A

Kaon WG

[1.189(7)]2 HPQCD/UKQCD 08

D(Koy) Vs f7 mi(l—mg/mi)

F(WMQ(A/ﬂ B ‘Vud‘z ffz

Inputs from experiment:
KLoE: @
BR(K",,(,)) = 0.6347(18)
Ty, = 12.384(15) ns

PDG: BR(7*,,,) = 0.9999
7., =26.033(5) ns

IV, 1NV, 1= 0.2319(15)
IV, 1= 0.2259(15)

max(1—mg/mz)?

0.9930(35) Marciano ’04
/
1+ a(Cr —C5))

Achim Denig
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V. . from K,, Decays F- tavi A\

Kaon WG

[1.189(7)]2 HPQCD/UKQCD 08

[(Ky20) _ Vsl [7o mi (1 — mi/m%()Q

C(muoey)  Vaal?® f2 ma(L—m2/m2)2

/"

0.9930(35) Marciano ’04
/
[1 -+ Oz(C_[\-" — C'ﬁ)]

0.23

»

Inputs from experiment:

kLoE: @ >
BR(K*,,,,)) = 0.6347(18) - | v, JVud
7. = 12.384(15) ns

68% C.L.s V J
- u

0.225 | \ ”

PDG: BR(n’iﬂz(y)) = (.9999 i I us
7., = 26.033(5) ns %
S

VIV, | = 0.2319(15) | g,

V1= 0.2259(15) 02 L | LG
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V,. from
Tau Decays
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V .. The Master - Formula for T - Decays

T. .
V: Hadronic
T decays
W_
d'=d-V, +sV,
u
Rw
‘ 2 _ T ,strange
us| 2 W
Rr,non—strange/ I/ud + (SROPE
I'(r” — [hadrons]™ v,) /
Rr = = Rr,non—strange T ,strange

M@ —evy,)
The branching fractions and invariant mass distributions
are the experimental input to determine V  from .
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V .. The Master - Formula for T - Decays

.

V:  Hadronic SR is a SU(3) symmetry
T decays breaking correction;
W- obtained from OPE/FESR;
d'=d-V sV, small, <0.1-R_, /IV 4*
: /
w
‘ 2 _ Rr,strange
us| 2 -

Rr,non—strange / I/ud T 5ROPE

I'(r” — [hadrons]™ v,) /

Rr = = Rr,non—strange T ,strange

T —evy,)
The branching fractions and invariant mass distributions
are the experimental input to determine V  from .
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V .. The Master - Formula for T - Decays

v V: Hadronic :
T OR 1s a SU(3) symmetry
T decays breaking correction;
W- obtained from OPE/FESR;
’_ L] L]
d'=d-V, tsV, small, <0.1'R,,/[V 4
u / 4 N
Strange T Decays:
w -3
2 Rr,strange Mode il
sl = > 7 K- 6.810.23
W W K-z 4.54+0.30
Rr,non—strange / I/ud + 5ROPE K 8.78+0.38
K a'#° 0.58+0.24
Komx° 3.60+0.40
K mtm 3.30+£0.28
I'(t— — [hadrons|” v K7y 0.27+0.06
RT = ( [ ] T) = % non-strange T strange (K3m)" (estimated) 07405
I'z-—evy,) ’ : ST K270 =Ko 0672021
) ) ) . o _ (K4m)~ (estimated) and K~ 0.40+0.12
The branching fractions and invariant mass distributions
. : . Sum 29.69+0.86
are the experimental input to determine V  from . Davier, Hocker, Zhang(RMP 78, 1043, 2006)

Achim Denig
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B - Factories are also T - Factories

At Y(4S) energies: o(ete- =t*t") ~ o(ete" —BB) ~0.9 nb > Huge tau rates
= Tagging

L. =550fb!

o, . int

9 GeVe~ /3.1 GeVe+
peak luminosity: 1.7-10%%cms™! oeak luminosity: 2.1-10%4cm s~

 Both experiments have a very large (~10°) sample of tau events
* Detectors are well matched to do tau physics:
- K/mt particle ID, y/n° reconstruction, charged particle tracking, etc.

* Can reduce most non-tau backgrounds to < 1%:
- Bhabhas, u-pairs, ee-—qq
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Recent T Results relevant for V.

N

D
Mode BaBar g Belle o
TV Preliminary ICHEPO8 | 467 fb-!
T—=K v Preliminary ICHEPOS = 467 fb!
=K' v Preliminary ICHEPOS 385 fb-! | PLB654(2007) 65 351 fb-!
T—Knv PRD76(2007)051104 230 fb-!
T TRV PRL100(2008)011801 = 342 tb-!
T—=Knntv PRL100(2008)011801 = 342 fb! | Preliminary ICHEPOS8 500 fb!
T =K K*v PRL100(2008)011801 = 342 fb! | Preliminary ICHEPOS8 500 fb!
T —KK-K*v PRL100(2008)011801 = 342 fb! | Preliminary ICHEPOS8 500 fb!
T—K-¢v, PL B643 (2006) 5
T —=K/K*nv Preliminary EPS07
arXiv:0708.0733 485 bl
Achim Denig Experimental Information on V.




D

BR(t~- =K Vr) PL B654:65-73, 2007 Lo

BELLE

B(r™ — Kmv) =(0.404 = 0.002 = 0.013)%
Bt = K'nv)=2xBr — Knv)

= (0.808 = 0.004 = 0.026 )%
PDG 07 = (0.90x0.04)%

Neyeryre/ (115 MeV/@)
3

0.8 1 12 14 MK. 1t
Vs (GeV/cz) KS

Fitted values for K*-(892):
M= (892.47 = 0.20,,, = 0.44_ ) MeV/c?
['=(422 0.6y, = 1.0,,x0.7 ) MeV

Fits include K*(800), K*(890), K*(1410), K*(1430) il il A T O o L i
885 887.5 890 892.5 8%5 897.5
K (892 MeVic

Achim Denig Experimental Information on V,



W ealind |

_ .« . ICHEP08
BR( T — KS 75 V‘L’) prellmlnal/:y arXiv:0811.1429

BaBar (385 fb!):
BF(t—K%t- v) (0.840+0.004+0.023)%

: Preliminary
(I i B -\B-\R 08
: (Ks mode)
= ] o Belle 07
— 5 Sample ' 0
g " BABAR | %= g (K mode)
g . .. KK ] | . OPAL 00
o preliminary | -<== |3 | (" mode)
2 ~ Nonvevents | B ALEPH 99
S R = 5 (Ki mode)
i _’ ALEPH 98
| (Kg mode)
CLEO 96
T =TTV : (K mode)
background k) 5 10 15 20 25 30 35 L3095
Flight length significance L /o, ’ F " (K" mode)
New World Average with BABAR+BELLE: o DG 2000
BF(’E%KOJ—E_’V):(O.835:|:O.022)% 1 I 1 1 1 I 1 i 1 I 1 1 | I 1 | 1 I | 1
(combination includes ‘PDG scale factor’ of 1.4) 0.6 b — -
B(t-— K mv,)[%]
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BR(t~- —= K~ 7! V. ) PRD 76:051104, 2007

-t
=]
=
|
.*

W
T mTrrrrm

CLEO'94 °
(5.1+:1.0+£0.7)x10"

'y
o
T

ALEPH'99 . .
(4.44+0.26+0.24)x10

OPAL'04 =
(4.71:0.59+0.23)x10"

N
TTT T T TTTrTTT

-t
o
T

PDG'06 Avera%e ——
(4.54+0.30)x10

Number of Events/0.02 GeV/c>

'y
o
T

BaBar'07 =
(4.16+0.03+0.18)x10

1 F
||| Il||I||I||II||IIII|IIII|II I||II||IIII|III

SRR P I i b ey g b
04 06 08 1 1.2 14 16 18 2 2 25 3 35 4 45 5 55 6
M, o (GeV/c?) BR (x107)

£ (2.267+0.008)%
NPData 78,112+280
NBke 38,247+159
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——
p .
ﬁ

BR(T_ — h_h+h_ VT) Belle:

BaBar: PRL 100 011801, 2008
ICHEP2008, arXiv:0810.3464

L

Exclusive measurment for v—n'n'n* directly identifying
the pions and excluding K, only

CLEO'03
(9.13+0.05+0.46)x10" .

PDG'06 GlobalFit
(9.02:0.08)x10

BaBar'07

(8.83+0.01+0. 13)><10 e

I9.2l l l9.4l l l9!6
BR (x10?)

K K™*
ALEPH'98

(1.63£0.21:0.17)x10"
CLEO'99

(1.45+0.13+0.28)x10™

OPAL'00 .
(0.87+0.56:+0.40)x10™

CLEO'03
(1.55+0.06+0.09)x10" ~e-

PDG'06 Global Fit

(1.53+0.10)x10™
BaBar'07

(1 346+0 010+0 036)><10
5 -1 o5 B S ¥ S e 1

BR (x10%)

—o—
Belle

014

ALEPH'98

1.9x10™ @ 90%CL

N
Knn
ALEPH'98
(2.14+0.37+0.29)x10° —®
CLEO'99
(3.46+0.23+0.56)x10" ] BB
CLEO'03
(3.84:0.14+0.38)x10" ——
OPAL'04
(4.1510.53+0.40)x10" N
PDG'06 Global Fit
(3.33:0.35)x10” ° le
BaBar'07
(2.73£0.020.09)x10° | ?B%IDCOHSlstent
-IIIIOIIII1IIII2IIII3 4 5
BR (x107%)
KKK
—

CLEO'03
3.7x10° @ 90%CL
BaBar'07
(1.58+0.13+0. 12)><10 ® Belle
Significance: 8.9¢ .
v b b b v b b b
0 0.5 1 1.5 2 25 3 3.5
BR (x10°°)

Achim Denig
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Extraction of V using T - Data

Ki; Decays (+RBC/UKQCD f (0)) _.l
(0.2247+0.0012)
K. 2 7, ,Decays (+lattice lefz) -
(0.2261:0.0015)
Hyperon Decays -9
(0.2260:0.0080)
t Decays (wT' , pred. t— Kv, pre-2007) S < pre_2007 data set (ALEPH)
(0.2225:0.0034)
Unitarity
0.2255£0.0010
I | | | | | | | | | | | | | | | | | | |
0.18 0.19 0.2 0.21 0.22 0.23
vV
us
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Extraction of V using T - Data

Ki; Decays (+RBC/UKQCD f (0))
(0.2247+0.0012)

K. 2 7, ,Decays (+lattice fKIf 2)
(0.2261:0.0015)

Hyperon Decays

t Decays (wT' , pred. t— Kv, pre-2007)

(0.2225+0.0034)

UPDATED t Decays (wf‘o) meas. 17— Kv)
(0.2157+0.0031)

UPDATED t Decays (W(To,o), pred. t— Kv)
(0.2171:0.0030)

Experimental input:
BaBar: t—Kn

- BaBar: v—=Knn™v
» Belle: T—=Ktv
o <« pre-2007 data set (ALEPH)
— <« —— Measured t—Kv ) OR, from

- t—=Kv fromK, § Gamiz et al. 07

Unitarity
0.2255|‘_|-0.0010
| | | | | | ] | ] | I | | I ] | | | ] | | I
0.18 0.19 0.2 0.21 0.22 0.23
Vel
us
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Extraction of V using T - Data

K, Decays (+RBC/UKQCD f (0)) ..|, Updated exptl. Input:
(0.2247+0.0012) BaBar: t—=Kn'v
K. 2 7, ,Decays (+lattice fKIfn) - B aB ar: T _>K_T|:_T|:+'V
(0.2261:0.0015) *
Hyperon Decays -9 Belle: t—=Ktv
L2 ) R S——
© Decays (‘”IT' ', pred. 2> K, pre-2007) @ < pre-2007 data set (ALEPH)
(0.2225:0.0034)
UPDATED t Decays (w(o.o) meas. 17— Kv) —— <
(0.2157+0.0031) T — Measured T;%KV 6R’L from
UPDATED t Decays (w(To‘o), pred. 1— Kv) —— «— 1 | T—=Kv fI'Ol’Il KMZ Gamiz et al. 07
(0.2171:0.0030)
(0,0) .
HUPDATED = Dacays (&, ", pred. = Kv) —— Same data set, but different
(0.2144+0.0030+0.0017) . . )
UPDATED <t Decays (W, , pred. 1— Kv) — < weights including non-
(0.2154:0.0032+0.0015) spectral weights based on
UPDATED t Decays (w_, pred. 1— Kv)
(0.2156;0.5028;0.002230 o ol ALEPH data+updated BFs
UPDATED t Decays (w, , pred. t— Kv) ®— < Unitarity (FESR, Maltman et al. 08, ()9)
(0.2149+0.0033:0.0010) 0.2255+0.0010
| | | | | | | | | | | | | | | I | | | | | | | i | |
0.18 0.19 0.2 0.21 0.22 0.23 | I |2 R;; (SO)
V us 1= w 2 w
| USI R ()| Vg I" =OR,pp (8)
. . . K. Maltman et al. arXiv:0807.3195
|V, from T is ~30 lower than unitarity Finite Energy sum Rules FESR
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V. fromt—Kv, T—mv

T /Vr T Pl
w WV }

T

I'(t = Kv) VMS2 fo(l=-m,/m’ 2(1+<5t )
- ) 2 2 RC
I'(t = av) |Vud| fi\l=-m./m

T
» Assume universality of couplings
T
* EW corrections cancel (apart from known long distance corrections 0)

* Take f/f from Lattice QCD
f/f.=1.189+0.007 HPQCD/UKQCD 08

* |V, 4 known

* Determine B(t—Kv)/B(t—7n"V)
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Preliminary Tt = Kv, T = v

Bt~ —=uwvy,)

Bt~ —=nv,)

BxT —=KVv,)

B(r™ —ewvy,)

Events/(0.1 GeV/c)

0 1 2 3 4 5

- Data
.  BABAR
Tuv,v, preliminary
B =0,
B other t
B non-t
bl AN RE il MRl Ednd R BALAH biichd RAAd | 3
e T—>UV,
3 portae, T E
E f e 3
i — ]

PP (GeVic)

Events/(0.1 GeVic)

1 2 4 5

p, (GeV/c) in C.M.

Events/(0.1 GeV/c)

Events/(0.1 GeV/c)

Bt~ —evy,) BT —evy,)

B < —xv, xn% Preliminary

B other t
B non-t

- Data
T K-V‘

BABAR

: o :
T— KK v, K%,

:

:

RN RS RERRRNRRRIRARERERE RS RN B

500

1111111111

PP N P P P e

T TR 4= %5
PIP'°™ (GeV/c)

px (GeV/c) in C.M.

Bt~ —=nv,)

|\;:Y .
ICHEP08; 4
arXiv:0811.1429

Bx —=KVv,)

Achim Denig
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Preliminary Tt = Kv, T = v

Bt~ —=uwvy,

Bt~ —=nv,)

BxT —=KVv,)

B(r™ —ewvy,)

Events/(0.1 GeV/c)

Events/(0.1 GeVic)

- Data
TV,

BABAR

Tuv,v, preliminary
B =0,

B other t

B non-t

T2V,

. 22

M A R AR ELAN LA LA A R S Rs LA Re
Loaebolodonabonebonabopbobobonidenilinel

¥

0 1 2 3 4 5

PP (GeVic)

T
.
.
g -
pury
. e
=
¥
¢
.
‘
0
P
¢
%
™

p, (GeV/c) in C.M.

Events/(0.1 GeV/c)

Events/(0.1 GeV/c)

Ba —ev,y,) B@ —evy,)

1500F
1000F

500F

Yo

B < —xv, xn% Preliminary

B other t
B non-t

- Data
T—-Kv,

BABAR

: o :
T— KK v, Kn%,

T

T T T T T Ll T T

T—=>Kv._ 3
ST T

i ¥

1

px (GeV/c) in C.M.

Bt~ —=nv,)

Use PDGO8 B(t™—ev_v,)=(17.82+0.05)%

P

PDG'08 Average (ALEPH'05)
(10.8281+0.070+0.078)x10

PDG'08 Global Fit
(10.91+0.07)x1072

This Work
(10.59+0.04+0.11)x102

TV,

96 98 10

T
10.8 1

BF(t — m'v,) (x10?)

Achim Denig

CLEO'94

(6.6+0.7+0.9)x10™

DELPHI'94
(8.5+0.18)x107°

ALEPH'99
(6.96:+0.25:0.24)x10

OPAL'01
(6.58+0.27+0.29)x10™

PDG'08 Average
(6.85+0.23)x10™

PDG'08 Global Fit
(6.95+0.23)x10™°

This Work
|(6.9u0.0t|3i0.10)x19’3

.2 3 4...5....

7 8 9 10

BF(t — K'v,) (x107%)

ot

-

ICHEP08¢ —

arXiv:0811.1429
Bx —=KVv,)



Preliminary V, from T — Kv, T — nv !

B(t—=Kv)/B(t—=n"v)=0.06531+0.00056+0.00093

I'(t = Kv) K,Sz fo(l-m,/m’ 2(1+6t )
- ) 2 2 RC
I'(t = nv) |Vud fi\l=-m_/m

T

'V, | =0.2255+0.0019+0.0014
Perfect agreement with Unitarity

(

+/

-

V1

a

m K

BaBar prel.
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50 o

Preliminary V, from Tt — Kv, T — nv !

B(t—=Kv)/B(t—=n"v)=0.06531+0.00056+0.00093 (

Y Vi
2 2 —P—g —
L(w—Kv) V| fi(l-mg/m (1+65.) ° 1 K
C(t — nv) |VW[2 fi\1=-m;/m; “ ‘
Vo | =0.225550.001950.0014

Perfect agreement with Unitarity

e However:

Vs | =(0.2227+0.0037£0.0014 from ratios of PDGO0S8 fit values for
T—Kv and t—mv

combining these with BaBar value gives: 0.2249+0.0017+0.0014

» With a Belle measurement of same precision as BaBar, can expect error to
decrease to £0.0013+0.0014
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Conclusions
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Experimental Information on V.

Kj; Decays (+RBC/UKQCD f+(0)) .g;
0.2247 + 0.0012

K,/ K, Decays (tlattice f/f)) g~
0.2261 = 0.0015

Hyperon Decays 0.2260 £+ 0.0050 —®——

I't—=KVv)T(t—=n"v) 0.2249 +0.0022 —&—
Inclusive T decays w. —e—

OPE/FESR
0.2154 + 0.0015 ulleity
0.2255+0.0010
I 1 | 1 1 I | 1 1 1 I 1 1 1 1 l 1 1 1 1 I | 1 1 I
0.18 0.19 0.2 0.21 0.22 0.23
vV |
us

Summer 2009 knowledge of V
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Experimental Information on V.

Kj; Decays (+RBC/UKQCD f+(0)) .g
0.2247 £ 0.0012

K,/ K, Decays (tlattice f/f)) g~
0.2261 + 0.0015

Hyperon Decays 0.2260 = 0.0050 —@——

It—=KVv)T(x—nv) 0.2249 £0.0022 —&—
Inclusive T decays w. —a—

OPE/FESR
0.2154 = 0.0015 ity
0.2255+0.0010
I 1 | | 1 I | | 1 1 I | 1 1 | I 1 1 | 1 I | | 1 I
0.18 0.19 0.2 0.21 0.22 0.23

IVl

V, determination using T has potential to get sensitivity of K;; and K,

=» Completion of the T strange decay experimental programme
=» Understand potential issues related to SR_ (OPE) and £, (0) for K,
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Experimental Information on V.

K,; Decays (+RBC/UKQCD f+(0)) .g
0.2247 £ 0.0012

K,/ K, Decays (Hlattice fi/f,) R
0.2261 = 0.0015

Unitarity Test
on 0.5% level
tests BSMPhysics
at>1TeV

Hyperon Decays 0.2260 £ 0.0050 —@——

I'ct—=KVv)T(t—=n"v) 0.2249 +0.0022 —&
Inclusive T decays w. —e—

OPE/FESR
0.2154 + 0.0015 ity
0.2255+0.0010
I 1 | | 1 I | | 1 1 I | 1 1 | I 1 1 | 1 I | | 1 I
0.18 0.19 0.2 0.21 0.22 0.23

IVl

V, determination using T has potential to get sensitivity of K;; and K,

=» Completion of the T strange decay experimental programme
=» Understand potential issues related to SR_ (OPE) and £, (0) for K,

us
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Additional
Material
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|V | using different weight functions in

FESR to provide 0R;,,

0.22

0.215
£
= e L
o . |
WT slow convergence of D=2 OPE series |
i limits theory error 1
K. Maltman et al. arXiv:0807.3195 [hep-ph] |
| | | | |
0.205 2.2 2.4 2.6 2.8 3 I
. 2. 2
So (GeV) SO = My

Use various weight factors including non-spectral
weights, based on ALEPH data + updated t BFs.
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Combination of tau and e+e- data in FESR

less sensitive to

024 ' I r 1

slow . — “r(OO)

convergence of R W, 1

D=2 OPE series 53| I W, i

yielding smaller T - W,

theory error BN W [1
> Pt TS 10

— 0.22F T e i S K_:

O ~ ]_ _V;s = 0'2202(27)r(us)data (28)e+e—data (2)V;r(ua’)data (4)A;‘l:(ua7)(2)OP_Al
= =0.2202(39)

| ) | ! |
2 2.5 3 I
X 72 I
s (GeV) |
0 |

Use various weight factors including non-spectral Sy = mf

weights, uses ALEPH tau spectral functions +
updated T BFs and et+e-— hadron data
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Comments on 3 Sigma Tension in FESR T

« Still need to complete the programme of
measurements — so ~30 discrepancy in FESR
|V <| most probably will go away

 |f 30 discrepancy in FESR |V | increases in
significance, may need to consider
theories/models that accommodate a tau FESR
|V ¢l different from the pseudo-scalar ratio
determination of |V |

« Perhaps a 3" generation lepton coupling that
cancels in the pseudoscalar ratio(?)

* Perhaps something that is more sensitive to final
state hadronic system with spin=1(?)

» Lepto-quarks come to mind (?)
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Callan - Treiman Relation

[~ = 2 _ 2 . .
cT =Mk = | Callan-Treiman relation:
Act = SU(2)-breaking correction f |
= — -3 P K
(3.5+£8.0)x10 fo (tCT) _

A
in NLO ChPT (m,=m,) - 4(0) + AcT

UKQCD/RBC |—_av A Use dispersive parameterization of f,(¢)

e “renwe K| O K., data:
AC = (14.0 £2.1) x 10°3
— £.(0) = 0.968(28)

NA48 K ; data:
— In C =0.1438(138)
— £,(0) =1.027(20)

Lattice QCD £.(0) = 0.964(5)

KTeV —t—

f(0)

' : . ’ Experimental Information on V.,
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Extracting |V,__| .
The weighted spec’rrcﬁ functions R (s,) = jfﬁ w(s) jru (ij = ud or us)
may be written as: 0 ’

R:.:.-;r(sﬂ) =3 SEW Jl (

-

5HP) LIy lém'm:u):)

)(14_{5%{[&)]_,_2(%”# by Pt

D=2 J

V[

tid

V

+

]

When one takes the flavour breaking difference,

w
rud(s[ﬁl rus(s[j)

OR"(s,) = -
Yoo, B v, P

the D=0 terms cancel leaving D> 2. Thus:

|V |= R;;(‘S )
h 2 (8¢ )/ ud ORypr (55)

where 6 R;pp(5,) must be calculated and R (s,) measured

Note: Because the D=0 term is significantly greater than the D=2 term, a

large uncertainty on the OPE expansion still yields a small uncertainty
on |V

LISI
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Extracting |V, | from t-Spectral Function

Strange and non- str nge Hadronic Width
Br G‘ — v, hadrons;

where ij = ud or us

May be written in terms of the spectral density function

1=

or in terms of the 2 point correlator function

"*.
ds
— |y () + pé”:'(s)};._
A

iy

R{Ir. = 12551&-"?:2 ‘V;}‘r HJ (1 .FH
0

R, =1285.,7

if

. y2 ne )
‘i{.f" : ﬁ (1——J UH'—{ ‘Hf(sﬂnfj(s)}d—{
T 2 m . om ‘ m’

II.'ri-r'-H

Achim Denig Experimental Information on V,



‘ Ex’rr‘ac’rmg \V |

TI(s) ~ I Sﬂ(;) ds — j w(s)p(s)ds = -2—| fw()II(s)ds

Branch Cut
FAAAAAANN
e {and poles)

Sih

e.g. A set of 'spectral moments’' has been used in the FESR as the
particular weight functions w

R
RY = (as[ 1= 5 | [ 2

For (k,1)=(0,0), RW is nb‘l‘mned frnm the BR of strange decays
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NUMBER OF PROTONS, Z

- SIAr Tle
40F 74 T T 30901 “O*Mg *K" “V *Co
Rb I
\QH 3080 “C  *AI"*Cl*Sc”Mn “Ga
i [ ]
) u

|
a 3070
2o} o0 .

I 9
. . f 3060_
! 01 3050 E_ 8
0 |t':z [ [ 2l !
20 - i I
M 3040

1OC| [ BR 3030-....l....l....l....l....l....|....l-..

10 = ] 0+1 3140
Hardy & Towne| 3130 1 i
1 [] I A A
e =L ke - New survey (20 |
NUMBER OF NEUTRONS, N ¢

(1 +8;) 310}
10 cases with ft-values measured to ol {

~0.1% precision; 3 more cases with
<0.3% precision

3090)

3080L R .

Ft = ft(l —+ 5}{)(1 — (5( 5N.S’)) !

K 71’ 30305
2 I
VUd B ZG%ﬁ(l-FAR) 3070 | 1£ L %{iiii {

3060 L 1 I r 'l Lo s a Bl 2 s a2l 2 a

Achim Denig
Z of daughter



Lepton

Universality from prel. BaBar result

W Decays ]
(0.997+0.010) ' i
K,; Decays
(1.0021+0.0025)

K,, Decays
(1.004+0.007)

n Decays
(1.0023+0.0016)

T Decays
(1.0000+0.0020)
World Average (2008)
(1.0015+0.0011)

This Work (t Decays)
(1.0036+0.0020)

New World Average
(1,0020+0.0010) |

0.98 0.985

W Decays
(1.039+0.019)

t Decays ((I'(t — ev,V,),t,1,) ol
(1.0006+0.0022) ’

(T(t > TV )" - p'v,))
(0.996+0.005)

(N(x > Kv)IN(K - 1'v,))
(0.976+0.017)

This Work (I'(t - n'v )/IT(t — pv,))
(0.9856+0.0057)

This Work ([(t' > K'v,)/[T(K — 19,))
(0.9827+0.0086)

L 1 MR

1 1 1 1 1 1 1 I 1 1 1 I I
0.86 0.88 0.9 0.92 0.94

_._cr/ ve
T H
e
g“\ Vu B(T_ — :u_vul/‘r)
_ir/ Ve B(t— — e TU.v;)
T /c
S
_:/\': B(r™ — K vr)
T Uy 1k BK-—p7,)
T.K fu M BT =)
\\vu B(ﬂ'_ — ,u_ﬁu)

Experimental Information on V,



Measurement of Slope Parameters Flavi A

Kaon WG

For phase space integral need to parameterize and measure FF-dependence on ¢

£ =ft=0) (14X t/M>+ X -1 /2M")

e3-u3 averages from

ﬁ)(f)=f+(f=0)'(1+?ho°f/M§) KTeV KLOE  ISTRA+ NA48

™

Q4 L .

=40 lavi A
= netKaon WG

X I

+ F
Nz j
. \ 25 |-

2, % 103

20 25
A, x 103
™
= FFRuA |
4 - .
lavi
X : netKaon WG Q
3: L 20 |-
2 —
[ " Flavi A
N N netKaon wG
0 A l L A A L l A A A L l L L A A l
10 15 10 15
Ay X 103 Ay X 103
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The 2004 Kaon Revolution: K,;; BR’s

BR(K, — mev) BR(K;, = nuv) BR(K, — 3n) BR(K, — n*x)10-3
L B LI L B T L L LA LR
PDG 06 . ~-- - -
flt - —— - =
1 1 1 l 11 1 l L1 1 1 l 1 11 1 I 1 1 1 l 1 1 1 I 1 1 1 1 l
38 40 27 27.5 20 21 2 2.1
F _ BR(K* — ntle*v) BR(K* — ntu*v)
avi A\ PDG 104 —— PDG '04—+—
Kaon WG PDG’'07 —*— PDG 07 ——
* BRs, lifetimes, FF slopes PDG '08 —— PDG '08 ——
- High statistics experiments fit - fit .
 Importance radiat. corrections — ' -
- Correlations btw. measurements | BR o ° BR(K: 0 oo
= = = _3 qpx
* Fits to data (K* = pv) ( )
& i oo | fReE
iy J4O! ISTRA+ PDG'07  — 07
m e PDG'08 PDG 08 —~-
5 i fit —. fit -
KTEV .25. BNL-ES65 A A -
Kaons at the Tevatron 0.62 0.63 0.64 0.195 0.205 0.215
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