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Energy frontier

CDE DO (Tevatron)
ATLAS, CMS (LHC)

Flavor dedicated

BELLE (KEKB), BaBar (PEP II), MEG
KTeV, KLOE, ISTRA+, NA48

CLEOc (CESRc), BESII (BEPC)

LHCb (LHC)

Super KEKB, Super B factory (Rome)
Super c¢-T (Russia)

KOTO, TREK (JPARC),
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Wolfenstein parametrization
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excluded area has CL>0.95 |
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Good in
~10% accuracy
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Superallowed ( 07 — 07) nuclear B decays.

A sprious Z-dependence.

|Va| from nuclear and neutron beta decays
0.984 | | | | |

M. TANAKA, 1992

0.982

0.98

|Vual 0.978

0.976

0.974 % %%%%%%

0.972 |

10 15 20 25
Z (the charge of the daughter nucleus)
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5 7 In 2
Vual™ = 215
ftGEm2(1 +0)

t . partial half-life
f : phase space statistical decay rate factor

0 : radiative and other corrections

0 = 5inner + 50ter

universal

Ft — ft(l —|— 50uter)

should be universal.
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Hardy and Towner,

Phys. Rev. C79, 055502 (2009)
¢

g 23

'}

1OC 22Mg 38Km 46V
YO ZAIM *Ar ®Mn ®Ga "*Rb Z dependence

“Cl #Sc #Co -] disappeared!

®

. R
}; gttty g ] [Via| = 0.97425 £ 0.00022

10 20
Z of daughter




\Vus\ K — 7wl

vV from K. decay rates

ZG 2 Ko
L(Kj3¢)) = 927;3 Sew ‘V ‘2 |fe O I (N) (142A,5UP +2A, FM )
with K=K*, K% l=e, u and Ci?=1/2for K*, 1 for K°

Inputs from theory: Inputs from experiment:

Universal short distance
Sew T(K;5) Branching ratios with

EW correction (1.0232) well determined

treatment of radiative

KO ~ . .
f+ "(()) Hadronic matrix element decays: lifetimes

at zero momentum transfer (=0)
I.(\) Phase space integral: As

A,SU) Form factor correction for SU(2) parameterize form factor
breaking dependence on t:

K,:only A, (or A,” A,”)
Ay EM  Long distance EM effects K,; : need A, and A,

6/9/09 Matteo Palutan, SM test with kaons
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V.. |f.(0) from K, data

j |V | f(O) Approx. contrib. to % err from:
g - %err BR = A Int

§ 0214 0216
N, l ] Ll Ll I L)

N K,e3 0.21652(56) 0.25 0.11 0.20 0.11 0.10

0.218 0.22
] l ] ] ] I

K,u3 0.21746(69) 0.32 0.17 0.19 0.11 0.15

Ke3 0.21572(132) 0.61 0.60 0.03 0.11 0.10

K=e3 0.21624(113) 0.52 0.31 0.06 0.41 0.09

- K*=u3 0.21676(141) 0.65 0.48 0.06 0.41 0.15

_ L o 1 .
¢ 0214 0216

Average: |V | f,(0) = 0.21660(47) x*/ndf = 3.03/4 (55%)

6/9/09 Matteo Palutan, SM test with kaons 36

L L I L L L l
0.218 0.22




Evaluations of f,(0)

Compilations: L. Lellouch, Lattice '08

T T T T T T Many evaluations available,
— J+(0)  Leuovyler& Roos 84 Quark model analytic and lattice-based

ijnens avera’ ChPT + M 1
Bijnens & Talavera 03 ChPT + ?"s ChPT results tend to give
Jamin et a ‘05 P higher values for f,(0)

ChPT + 1IN, _ _
Trend is to use lattice
N;=0 results, but which ones?

2 Wil
9 D\;vion FlaviaNet Lattice Averaging
Group (FLAG) has promised

2 Stag+Wilson to make a recommendation
RBC/UKQCD 07 (2+1) DWF

| . |
1.02 1.04 For now use:

f.(0) = 0.9644(49)
RBC/UKQCD '07

Cirigliano et al ’05

Fa
o

ref. Q°
®
ol
®
ol

JLQCD ‘05

RBC 06
FNAL/MILC 04
RBC/UKQCD 08

39
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M.Palutan, KAON’09

f+(0) dominates the error.
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K,; average: |V | f.(0) = 0.21660(47)
was 0.2167 at Kaon’07
With £.(0) = 0.9644(49) from lattice QCD:

K,; average: |V | = 0.2246(12)

Using |V, | = 0.97424(22) from average 0* — 0" 3 decays (Towner-Hardy ‘09)

V2+ V. 2-1 =-0.0004(7)
Compatibility with unitarity -0.6c
was 0031(15) in PDG04

o(V, 2)~0.0004 o(V,2)~0.0005

6/9/09 Matteo Palutan, SM test with kaons
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cb

Vig

1V, |= 0.2252
V= 1.03
|V =

0.0009
0.04

-}

V., |=0.97424 = 0.00022
V., |= 0231 = 0.010
|V l= (8.1x0.6)x10°

*

VP + 1V, P +|V, [ =1=-0.0004+0.0007 (-0.60)
IV, P+ V[P +|V,P-1= +0.11£0.08  (+1.30)
Vil +IV P +1V,F ~1= 40002020 (+0.00)
Vi F +1Va P +1V,F =12 +0.00320.005  (+0.60)
VPV P+|V, [ -1= +0.11x0.08  (+1.40)
Vo 41V P +1V,F =1 40002020 (+0.00)

From V, and Vg

CKM matrix unitarity check

(38.7+2.3)x10° |V, |= (1.00+0.10)x10°

V., |= (4.07+0.38)x10"
V., |= (40.6+1.3)x10°

Magnitudes of CKM
matrix elements
fulfill unitarity well

AN? = (40.1 = 1.1)x10°

Lepton Photon 2009 Expt. Status of the CKM Matrix (S.Prell)
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TENSIONS,ANOMALIES

and NEW PHYSICS




BR(7 — Kv)
BR (7 — 7v)

Vus| = 0.2255(23) (BaBar, 2008)

Exclusive:

Inclusive: 7 — v.X,

Vaus| = 0.2159(30exp ) (5¢n )

K,; average: |V | = 0.2246(12)




SUSY IN K gz
Lepton Flavor Unlersallty - () ; \

V-A couplings - helicity suppression
SM: (2.477+0.001)-10 SUSY
Cirigliano, Rosell, PRL99(2007)231801 |_|:\/ Ioop

+  F
e, u

(Sneutrlno)

suppressed
¥ I'(K — eyy) N LCsm (K — eve) {F(K — 6VT))

Zi P(K — ,ul/z) o FSM(K — ,uV,u,) effective

e-T coupling

Ry =

the v fla|_/or is RLFV ~ R%M
undetermined ...

experimentally constant
- (

K — T |A13|2tan6 1]
M4Hi ) Mg

Deviations between 102 ~ 103

are studied in
Masiero, Paradisi, Petronzio, JHEP0811(2008)042
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\Vcb\ excluswe Vs mcIuswe

,_ 5

a Vs Vi

. V from B - D( >Iv deca S
v ‘i’ cb y

(&)

V.. V. - :
d is tb ALEPH (excl) ‘ .
it Lok ol . B —=D’lvresults

113+ 131+18 1 ————
OPAL (excl)

|V, Pl (W=D Pw)(F(w))>  oos it
O}’_»\} (]fa:lx:,lﬁlcto)
D[-.l,l’ll{l (p:ﬁul reco)

3/2 359+ 14+ 23 T
|Vb | (my + mD)mD (w=1) (G(W)) BEle% (excl) i arXiv:0810.1657

Experiments f|t differential B — DOIv g 18 13 S
decay rate for [V |F(1) and |V |G(1) —H gjfggjggg:j
using HQET-based form factor uosoriia el e 012002 (2009
parameterizations ‘
— B — D) form factor normalizations

from lattice calculations

2
Z:—F(B Dlv)— GF

G2
—B%Dl\/ =—Fr
™ ( )

G(1)=1.074+0.018£0.016 (FNAL/MILC (2005)) : 35 v
F(1)=0.921+0.013+0.020 (FNAL/MILC (2009)) F(1) x [V [ Y

_ Preliminary result from Belle with B- B—=DN: [V, |G(1)=(423£0.7£1.3)x10”

Dlv (Dungel @ EPS'09, not  yet = |V |=(394=14(exp) = 0.9(FF))x10™
included in average):

B—D'N: |V,|F()=(3575 = 0.42)x107

F(1)=(35.00.4222)x10~
Vo [F(1)=(350=0 )x10 — |V, |=(38.8+0.5(exp) = 1.0(FF))x10">

Lepton Photon 2009 Expt. Status of the CKM Matrix
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Inclusive rate I'(B — X_lv) can be

described by expansion in powers of
1/m, (HQET, OPE)

Non-perturbative corrections up to
O(1/m?) are determined from

inclusive distributions in B decays
(Biep @and my 4 in B — X Ivand E, in
B — X,y decays)

BaBar, arXiv:0908.0415

*

.

.
B—XJlv , ., py>08GeV

entries / 80 MeV/c®

- B, BT
my [GeV/cT]

V, from inclusive B — X_Iv decay

o
o

V.

(~2.30 larger than V,, from excl.

Ll L} L] L)

0.043

0.042

N T TR M o7 W N ) B S Eow W T o R
lllllllllllllllllll

A A l A ' ' I l A A ) I l A .| A A

-

G

,|=(41.67+0.44+0.58)x10™

£
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IVub|: exclusive vs inclusive

7
7%

C

Vio

/1

dr 127 3 2 2y |2
dqz(B®ﬂ:lv)=24n3pn|I/ub| |f+(q )|

Experiments determine |V ||f.(q?)]

from measured B — 17| Vv rate

— |f,(9?)| calculated from theory
(LQCD (LCSR) at high (low) g2)

Ball-Zwicky q~ < 16 V [1 0_3]
b

u
3.3 £ 012+ 055 -0.37

HPQCDq > 16
340+ 020+ 059-039

FNALq > 16

3.62 + 0.22 4 0.63-0.41 —

WalEl FNAL/MILC + BaBar data (prelim.,
arlXiv:O811.3640): 3.38+0.36

i A

2 4 ‘
IV, [x 107

|V, from B — 11V decays

BABAR SLtag B * 5 =°1' v » 2¢,/z, PRL101, 081801 (2008)
1.80+0.28+0.1% "—""'

BABARB . . . tag. B -l vx2¢t./7, !

1.544+ 041+ 030 ey O

BELLESL tag: B * - 7% I" v x 21, /t, PLB648, 139 (2007)
143+ 026+ 015 g

BELLEB . tag. B -5 2° 1" v x 2¢, /%, © o arXiv:0812:1414
1.24 £ 0,23+ 0.05 -

BABARSLtagB " »n 1" v PRL101, 081801 (2008)
-

139+ 0.21 = 0.08 .
BELLESLtag B " 5> 1" v arXiv:0812:1414

1.38+0.19£0.1% "":""
BABARB ,_ tag: B laxl'v "
107 £0.27+0.19 vty
CLEO wmntagcged: B 7l PRLQQ! 041802 (2007)
1.38+40.15+0.11 ~o-

BABAR untagged: B — =l v PRLQS, 091801 (2007)
-

1.45 £0.07 £ 0.11 - )
BELLEB , tag:B' > n1'v . arXiv:0812:1414

1.12+0.18+ 0.05 -—o—‘
Average: B? 51" v :
1.36 £ 0.05 + 0.05 »

Lidof=5 99 (CL= 75%)

; WINTER 2009
| 1 ! 1 ] 1 S 1 A :

2 0s 2 P
BB - nl v)[x10 ]
BR(B’ = nI'v)=(1.36+0.05+0.05)x10™"
+0.6 -3
| Vi e = (3.5555) %10

Error dominated by f.(0) calculation

A

Lepton Photon 2009 Expt. Status of the CKM Matrix
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V , from incl. B—X, | v decays

4 B—1Tlv
b / ub( )

F(BeXulv)— - 3| ' | m) (1+had. corr.) e /
« Challenges 12040164022 —

— my°-dependence of ['(B—X_ Iv) HFAG Ave. (DGE

13340154018~

— b —c background: '(B—X_lv)/ [(B—X Iv)~50 | "o he o

1272016+0.15-

« Select B—X Iv enhanced region in PS HFAG Ave. (ADF]

1052014+0.24-

— use shape function from B—X,y E,-spectrum HFAG Ave (BL)

1874024402

and theory to extrapolate rate to full PS SR
« New Belle multivariate analysis R

BABAR endpomt (LLE)

— Reconstruct other B in hadronic mode 42820294048
BABAR endpomt (]

— Covers about 90% of B—X Iv PS AR 7 3
arX/v09070379 » PE N

- g% P ™ cant éverage theor/es'wﬂ use
Cls —’d;u: ] |V pline = (4.20 0. 28)X1O3 (BLNP HFA 1y

‘ 2 3 4
~ {V,, fromincl. B—X v syst. higher Vi [ 10'3] .
(-1- 20) than from B—Trlv decays A

RN 0 20 30 (4 07 = 0, 38)x10'3
M, (GeV/c?) ¢’ (GeViic?)

Lepton Photon 2009 Expt. Status of the CKM Matrix 14
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2
-

2
) f}%‘vub|2

5
mpg

f,=190+13 MeV HPQCD,
’ 0902.1815v2 B Br, (7v)=(1.20£0.25)x10™

V., |=(432£0.16£0.29)x107° HFAG |
ICHEPOS8

Exp. (Belle, BaBar)
Br(tv)=[1.73+£0.35]x10™* Tijima, LP2009
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T 1 | T T\ 1 1 T 1T
n %
~excluded area has CL > 0.95 |
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‘ fitter E q)3 sol.w/cos2p. <0 -

(excl. at CL >0.95)
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Naive world average
Br(tv)=[1.73+0.35]x10™"

Output of a CKM fit without including
Br(Tv ) sis = [0.786 jg-})gg]xlo-“/ B->1v in the fit (CKM fitter, ICHEPO8)

0.30 2195
3 CKM fit w/o BR(B — T V) -

~— Measurements (WA) 0.25 |-

LI L Y L L I L Y L B
0.20 -

0.15

BR(B — tv)

0.10

I L1l I 11 | | 11 1 | 111 | 111 I 11 1
1.2 14 1.6 1.8 2.0 2.2 2.4

BR(B — ™) x 10*

The measured Br is 2.4 ¢ higher than the value
predicted by the CKM fit. 10

N e O -2
2> e Ty Ol I
. g . -

SO
L~

240 T.lijima, LP2009
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Type-ll 2HDM (SUSY)

1000 I I I | I I I | I I I | I I I

Type-Il 2HDM

95%CL excluded
by B2>1v

"95%CL exclyded -

7’
7’

‘ /
/”

//////

6

B
>
)
2
5
>
+
T

tan 3




HFAG Average (2009 Winter)
Br(B— K (0)=(10.0£1.1)x10~’
Br(B— K(0)=(4.3£0.4)x10~’

QQ-dependence

dBF/dg” (107 GeVPic®) dBF/dg” (10°7/ GeVe/c?)

1.2F
15
osfhl\
I

oaf\ 4 |—
02F
DZ....I....I....I.
0.5
0.4F
03—
0.2f
0.1F
D _u L

S I T N e T
0 25 5 75 10 125 15 1175 20 225 25 74

g? (GeV?/c?)




Forward-Backward asymmetry in B — K*/¢/

4G
Her=— d E C.(0)0,(0)

€ o 1%
07=7¢—2 Mp(SLaTurbra) F*7

62

09 — W (S_LaYMbLa) (l_yﬂl) )

62

010=1¢2 (SzaYubra) Iy ysl).

BR(b — s7) o< |C[*

BRELLE

1

=4 657 M BB,

submitted to PRL, arXiv: 0904.0770

_F%SW- N i

C,=-C, SM + i—

L Lo R T S B
8 10 12 14 16 18 20
q (GeV?/c?)

(




 I'B'—- K 7t)-T'(BY - K~

Acp (K-

- I'(B - K—7nt)+T'(BY — K-
- I'(B- - K ) -T'(BT — KTnY)

—, 0
Acp(K7m) = "B~ — K—7m%)+T'(BT — Kt7rY)

Belle: Acp(K*=7T) = —0.094 + 0.018 -

Acp(K*7") = 0.007 & 0.03 -

KTT puzzle: AAcp = Acp(K™
= 0.164 -

Naive isospin sym. =3




* . _ =
jS ]:U,C,t

M| > [T'1a| 1 Am ~ 2|Mis|, A" =~ 2|15 cos ¢
¢s = arg(—Mi21'7,)
CDF Am,=17.77+0.12 pS_1

In the SM, ¢, ~ O(\?) ~ O(10™%)
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CPVin By — J/v¢ ¢
J/p = p p=, ¢ — K"K~

a*T

o 2c0s? (1 — sin?0cos?®)|Aq(1)]|? + sin? (1 — sin?Osin?©)|A;(1)]|? + sin? ¢rsin?6|A | (1)|?
dtd cosOded cos i 4 @)A1l W ( @)|A) ()] 1 |A L (7)]

+ (1/+/2) sin2 sin?8 sin2 pRe(Ag (1A (1)) + (1/+/2) sin24 sin26 cosIm(A%(r)A | (1))
— sin” i sin26 singIm(A} ()AL (1)).

Ao (DI = [Ag (O[T, = e ising, sin(AM1)], AL (0)> = 1AL (O)[T_ F e " sing, sin(AM,1)],
Re (A5(NA (D) = |Ag(0)[|4}(0)| cos(8, — 8;) X [T 1 = e T sing, sin(AM,1)],

Im(A;(1)A L (1) = |Ax(0)||AL(0)]] X [eT(+ sind, cos(AM, 1) F cosd, sin(AM, 1) cosd,)
— (1/2)(e 1ut — e~ Tit)sing, cosd,],

Im(Aﬁ(t)Al(t)) = |A;(0)[[AL(0)] X [eTi(+ sind, cos(AM, 1) T cosd; sin(AM, 1) cosd,)
— (1/2)(e 'nt — e~ 11t sing, cosd],

T .=(1/2)[(1 £cosd, e 11!+ (1F cosqbs)e:rHt]
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—e— SM prediction

— 68% C.L.

DJ , 2.8 fb'
m B) > Jy o
AM, = 17.77 ps™

95% C.L.

-0
— SM
A" = Al'gy, X Icos(o )|

A B A B A B B
0-2-2 15 1 05 O 0.5 1 1.5

¢_ (radian)

-0.1




New Physics Parameterization

UTfit, arXiv:0803.0659vI [hep-ph], Mar.2008

ASM 218, . ANP 2 -5 MPM 4 MNP
- ASM 216 SM
(Bs| H4"| Bs) M
(Bs|Hg'|Bs)

¢S — 2¢BS — 263
Bs = arg(—Vis Vi /Ves Vi) ~ O()‘Q)




Probability density
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SUMMARY
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W CKM scheme seems OK at ~10% accuracy.

W A few % new physics might be there.

* Several inconsistencies exit.
NP? QCD? Exp.?

Need more statistics, lattice calculations,
phenomenological ideas, etc.

W Interplay between LHC and flavor factories.

Super KEKB, JPARC K experiments,
LFV searches, EDM, neutrinos, etc.




