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Why precision CKM studies!?

® The SM accomodates flavour & CP violation, but we
have no theory of flavour

® We have reasons to expect New Physics at the EW
scale, and most models predicts additional flavour
and CP violation.

® The CKM mechanism is very successful ™ flavour
and CP problem (NP must preserve agreement
with data)

® Need for precision tests of the CKM mechanism, in
many ways a challenge for QCD understanding
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The CKM matrix

Weak and mass
eigenstates (@ ( Vig Vi Vip \ [ d ) [ a )

s 1= Vg Ves Vi = Vekm | s

) ) ) W) Ui v e b \ ¥

) 1 — %2 A 44)\3(_9 —1in)
V= A\ EESEEP + O\
A)\3(_1 — 0 — 1) —AN? 1

Wolfenstein parameterization A~0.22, A, p, n are O(l)

To improve the accuracy, define to all orders in A
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The Cabibbo angle

A [ 1 — \T A AN (o —in) )
= -\ -2 AN + O\
\ AN (1T — o —in) —AN? 1 /

A = Sin<9Cabibbo) = Vs

Universality of charged currents < CKM unitarity

Vo ‘2+‘V;4S‘2+‘Vub‘2=1

0(10-9)
Comparison between Vyq,Vys determinations of A tests unitarity of the first line of Vckm

A could also be measured from 2nd line,Vcq (DIS) at 10%,
W decays at LEP constrains ;|V;|? at 1.3% Veat 1.3%
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Superallowed Fermi transitions

(0*->0" B decay)

(ps: 0% @y, d|pi; 0F) = V2(pi + pf)u

A from Vua

neutron f3 decay not pure vector, needs

extremely precise, 9 expts, ®V.4~0.0003 dominated by galgv but no nuclear structure. dV.4~0.002, will be
RC and nuclear structure

Nucleus ft (sec) Viod
0o 3039.5(47)  0.97370(80)(14)(19)
140 3042.5(27)  0.97411(51)(14)(19)
26 A1 3037.0(11)  0.97400(24)(14)(19)
M 3050.0(11)  0.97417(34)(14)(19)
IR 3051.1(10)  0.97413(39)(14)(19)
25 3046.4(14)  0.97423(44)(14)(19)
46y 3049.6(16)  0.97386(49)(14)(19)
00N n 3044.4(12)  0.97487(45)(14)(19)
Mo 3047.6(15)  0.97490(54)(14)(19)
Weighted Ave. 0.97418(13§14) (19
AN

/ud = 0.97418(27) (superallowed)

N\

improved at PERKEQ, Heidelberg. Recent measure-
ment of n lifetime (many O away) serious problem!

Via = 0.9746(4)7,,(18)4,(2)rC

TT* decay to T1%eV th cleanest, promising in

long term but BR~10° PIBETA at PSI has
OVu4~0.003

BR(x" — etu,())]?
1.2352 x 104

V,a = 0.9749(26)

Nuclear structure Coulomb RC

distorsion
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A from K3 - Experimental progress

mtallk by Wanke

G2.MP.
_ " F'K ¢ el N 2177 12 £2 ¢
FI\"€3 — 1997‘__3 *SEH:"'(]- + OI{ =i OSUQ)C' Vus| f_}_(O)II{- BR(K_,) [%] BR(K3) [%]
B PDG 04 —e— PDG '04 —e—
PDG '06 —— PDG'06 —e—
0 .. This fit - This fit -
BR(K,;) [%] BR(K 3 [%] BR(@3r) [%] BR( ) [%] o L o .
I I I I I I | I LI | I I I LI | l 1 1 I I I I [ | I I I I I I I I I I I BR(KLIZ) [%] BR(KHZ) [%]
PDG’04 —— — —— —— PDG '04 —— PDG "04 ——
PDG '06 . . - . PDG '06 —— PDG '06 ——
This fit - This fit =
This fit - - - - . . . L .
| | | | | | | 1 1 I | I I | I | L1 1 I L1 1 1 I | 1 I L1 1 | I ooz oo oot 019 20 o218
38 40 27 27.5 20 21 2 2.1
0.215 0.2175
KLe3
Flavi A
”e{Kaon WG K
*— Lu3
Vius| % f1(0) = 0.21664(48)
- KSeS
0.25% accuracy! "
. g e3
muon channels perfectly consistent
Ki‘
f4(0)XV s ¢ =
— 0.515. — IO.2117I5 |
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A from K3 - Theoretical progress

mtallk by Mescia

0. _ SU(3) symmetry,
n 0)=1 A+ ...
f+K (0) 1+(0) Tl fat | Ademollo Gatto th

lllllll l 1 l 1 l 1 l ' F I 1 1 L L L L L
| |
Leu[wyler & Roos 44+§ i i 0.961(8) Quark M.
! | I I I
I I | | I ° °
e Tests of lattice are now possible
Jamin et al } i-—i—(—i— } 0.974(11)y ¥PT +disp.
| fnd S :
Cutan v oncs | from measurements of the shapes
| : | | |
Nf=0 SPOcdR ;I*i i i 0.960¢5)(7) Wilson
| | |
N=2 S : :
£ mc | | sk | 0.968(9)16) OWE Various lattice UKQCDRBC [T,
CP~-PACS Q0. | | I ! avil A
! ! l ! | 0.967(6) actions Nnel aon WG
CP~PACS YPT jiffyuni | ! ! | 0.952(6) Wilson < I 1 aon
OCDSF * E i @ i E i 0.9647(15)_
Nf=2+1 i | B
HPOCD-FNAL E'—Ih—ri E ! 0.962(11) Staggered
RBC-URQCD 07 | i i ! 0.9644(49) DWF
1
lllllll I I L Il | ll 1 l 1 'i l L0 1l 1 1 ! 1 | 1l
“90. d® “*)(\ “'\)'\ \\_\)‘6 QY W ——
KTeV —to—
|Vis| = 0.2246 +0.0012  [K3 only]|
f,(0)
] | ] ]
0.9 0.95 1 1.05

Paolo Gambino FPCP 2008 7



A from Kp

Ve == : '
(K m(,},)) Vs ) K (1 —m?2/m3
= (“&( ) V. x \ 1—mj/m2

Marciano (2004)

New experimental results by
Kloe, NA48/2

Ry = (2.457 +0.032) x 1077,

“1=0.2321+0.0015

u

Only K2

2
) X (1 + 5em)

Tl

Ill'll'll'll'll'l

N=2+1

=

| P
Lop i i .._..i_ i :1 192(30) Wilson: a=0.11fm->0, m_>500 MeV
JLOCD |- i |1 1148 Wilson:  m_>550 MeV
| PRI
RBC i -!Z)- i | 111750 m,_>550 MeV
Lk e
OCDSF-07 : : -:—..1— 11.219¢26) Wilson: - - -m_>300 MeV
| | | |1 227¢26) TMQCD: - :m >300 MeV
ETMC~07 | | :—ql— i (=0) 'x :
MILC-04 | | =@=! 13210014) Stag.
| | _‘ | I - a=0.06 fm >0
MILC-07 | T® 1 IL197, Stag. ;5280 MeV, Lm 550
[ 24
NPLOQCD-07 i : -!—4-: IlZlSu DWF/Stag.
PACS-CS-07* | | -:—.-}— 11.219(22) Wilson: m >210 MeV, Lm >2.9
2105
|
RBC-UKQCD- 07*} | -l | [1.205(18)
oiy
HPQOCD-UKQCD- Q7 il 1.180(7) Stag.
|
B
|

AN AN (VT VD \V
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Unitarity of the first row

[Vius| = sin 8o = A = 0.2255(7)

|Vud|2 + |Vus|2 + |‘/ub|2 -

=0.9999+0.0004 > |

Tau decays also give
a A determination with ~|% error.
Preliminary Belle and Babar data suggest
0.2165(26) but there are some doubts
on experimental analysis
Gamiz et al 2007

0.225

Paolo Gambino

lwith unitarity]

- Flavi A

netKaon wG

£+(0) = 0.9644(49)
fi/f = 1.189(7)

—V,4 (0>07)

0970
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Determination of A

(o
(1 -

7
V =

X A (A (e —in)
) 1-% (AN
0 —in) Ay !

\

/

+ O\

A can be determined from V¢ or Vi

Ci

::;;’PC v

Two roads to Vb: inclusive and exclusive
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Inclusive vs exclusive B decays

o

Simplicity: ew or em currents

INCLUSIVE

® probe the B dynamics

EXCLUSIVE

OPE: non-pert physics
described by B matrix
elemnts of local operators
can be extracted by exp
suppressed by 1/m,?

Form factors: in
general computed by non
pert methods (lattice, sum

rules,...) symmetry can
provide normalization




Exclusive semileptonic B decays

mtallk by Kakuno

At zero recoil, where rate vanishes, the ff is
f(l) — 774(]- + 51/7712)

Recent progress in the measurement of slopes and shape
parameters Despite extrapolation, exp error ~2%

Main problem is normalization F(1):The non-pert
quantities relevant for excl decays cannot be
experimentally determined

CKM 2003: F(1) = 0.91%093 4,
New unquenched Lattice QCD: F(1) =0.924(23)

Veb|=39.2(0.6)(1.0)x 1073

~20 from inclusive determination
Heavy Quark Sum rules give higher |Ve|, F(1)=0.89(4)

ALEPH (excl)

320+ 1.8+ 13 &
CLEO

416+ 1.3+ L8

OPAL (excl)

373 16 15

OPAL (partial reco)

376+ 1.2 24

DELPHI (partial reco)
359+ 14+ 23

BELLE (excl)

349+ 2.0+ L8 ' ©
DELPHI (excl) '
36.6+ 1.8+ 1.9 —

BABAR (excl) @

342+ 03% 11
36.2% 0.6 '

Average

PDG 2008 '
yfidot =33.p/17 | \ | & | \ |

Shouldn’t we eli1large a bit the error?

25 30 35 40 45,
F(1) X V| [107]

B—Dlv gives consistent but less precise results; lattice control is better




Inclusive |Vcp|: basic features

® Simple idea: inclusive decay do not depend on final state,
factorize long distance dynamics of the meson. OPE allows to
express it in terms of local operators

® The Wilson coefficients are perturbative, matrix elements of
local ops parameterize non-pert physics: double series in
0(5, A/mb

® [owest order: decay of a free b, linear A/my absent. Depends
on me,, 2 parameters at O(1/mp?), 2 more at O(1/mp3)...

1 - = . 1 _1
2 ()= D)’ 2 _ Blbto. G blB
l’l’at (H) 2MB <B|b(lD) b|B>M Ha 2J[B< | QOF" / | >
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Fitting OPE parameters to the moments
mtalk by Rotondo

L)IOOO_'"I"'I"'I"'I"'I";I"'I"
- Belle 174y ] 2200
8001 ++ ¢ ] 2000
_ _ 1800
1600
1400
1200
1000
800
600
400
_ _ 200
U T T T P T PP P R 0
040608 1 12141618 2 2224
EP (GeV/c)

BABAR

* preliminary

Entries per 0.1 Ge
3
()
|
|

I
S
T I T T T
|
entries / 80 MeV/c?

o
(@)
o

T Tl T T
|

TT{TTTfTTrf e e e ey rrryrrTyt
LR L R LU R LR L R LR L

/////./‘(_/./;/({/III’III/IIII‘II.III).,’

WO - AT A N U AT A Vi e

1 2 3 4,
my [GeV/eT]

Total rate gives CKM elmnts; global shape parameters (moments of the
distributions) tell us about B structure
HQE parameters describe universal properties of the B meson and of the quarks

Perturbative scheme: O(Xs) Wilson coefficients depend on the exact definition
of OPE parameters. They should be all short-distance parameters
In the kinetic scheme the contributions of gluons with energy below u~= [ GeV
are absorbed in the OPE parameters
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OPE fits — M. Nakao — p.16

NB [n the fits “scheme” means also a number of
different assumptions and a recipe for theory errors

Global fit (kinetic scheme) BuchmllerFlacher, new

|V(-b| - ("1’204 + O34tlt - O°59r51) % l 0_3

December 2007 mkinetic — 4 597 4 0.034¢, GeV

o ’ b
with BaBar’s m, = 1.1634 + 0.051;, GeV

Breco B — X,y and M 12 = 0.4341 + 0.033g, GV

T

p3 = 0.2927 + 0.0205 GeV’

Babar M"l"z X 3 (1.9-2.0 GeV)
Babar M, (0.9-1.5 GeV(?)) S
Babar M¢ . . . (0.6-1.5 GeV) O o8r

~i N

Ay* = 2.3 contour, 68% CL

b—2>clv+b—>sy
b—>cly
b—>sYy

0123

Belle M], (1.8-2.0 GeV)
Belle M7, (0.7-1.3 GeV)
Belle M, , , (0.6-1.4 GeV)

CLEO M! (2.0 GeV)
CLEO M, (1.0-15 GeV)

04FAY? =23 &1

DELPHI MY, . (0 GeV) |
DELPHIMZ, , (0 GeV) (68% & 39% CL

CDF Mi{?. (O7 GeV) 0.2 _%:%uﬁp.%m&” |
old HFAG 8 (0.6 GeV) B e R

M, (éeV)



Fits & Quark Masses

Assumes duality but it self-
consistently checks it

4.70
Very close results for |Vep| in 1S f

scheme (Bauer et al).

Higher order power corr.
under control Mannel et al

Constant values
of s.I. width

Melnikov, Czarnecki, Pak at fixed Ve

N [
new pert O(a?) =-0.5% in [Ves| & 460
= [

part of O(O(s/mb) Becher et al 4 55 7

Fitted |V| stable, not so the
masses

In the global HFAG fit the B— Xy
moments change significantly S Y S R
Mp,c determinations, but not in Babar 1.0 1.1 1.2 1.3
& Belle fits...Without radiative m.(GeV)

moments the masses are too high!

Radiative moments have subleading Upgrade of moments code kin

contributions without OPE! scheme under way
Paolo Gambino FPCP 2008 16




The Unitarity Triangle

Unitarity determines
several triangles
in complex plane

VV*k = 6ik VudVb +Vchb +I/tdl/tl>: =0 o)

area= measure
of CPV

C=(0,0) B=(1.0)

V.4 cannot be accessed directly:

we resort to loop transitions
FCNC sensitive to new physics

Paolo Gambino 28/3/2008 LPTHE



The Unitarity Triangle

D =0.146 + 0.028
N =0.342 + 0.016

Almost identical results by CKMfitter @ Moriond 2008

Paolo Gambino

= o
‘l_”_‘
: am, =
0.5 =
i Q
3 v,
| S—
-0.5—
1E
- | T T ST T T N 1 | |
1 0.5 0 05 1
)
UTfit inputs:

£=1.23(6) Bk=0.79(4)(8)

lA;K =0.720(39) Juttner LATO7
getting closer to 5% accuracy!

e talk by Gamiz
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Exclusive |V

T T T T LA B I B B N
2
[ fed) Ball
4. -
2.F -
Oebl v v v v b0 v 0 v b v v by b T
0. B 10. 15. 20. 25.

q* [GeV?]

Various parameterizations based on analyticity etc +
experimental data on the g* spectrum: model independently

Vb | f+(0) = (9.1£0.6(shape)£0.3(BR)) x 10~*

ff on lattice or with LC sum rules, no symmetry helps
LCSR cannot do much better

LCSR:

Ball-Zwicky

Paolo Gambino FPCP 2008

Ball-Zwicky g2 < 16

3.38 £0.13 +0.56 - 0.37

HPQCD q*2 > 16

3.47 £0.20 + 0.60 - 0.39

FNAL g"2 > 16

3.69 £0.21 +0.64 - 0.42

APE q*2 > 16

372 £0.21 + 1.43 - 0.66

| | | | | | | | FpG 2I008

2 4

lattice QCD
m talk by Gamiz

VI [x 107]

Vip| = (3.5 £0.4£0.1) x 107* [Vl = (3-5i0-4lmiO-QIShapciO-llgn) X 107

Duplancic et al
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|Vub| inclusive

V| from total BR(b—ulv) like incl [V | but we need kinematic cuts to

avoid the ~100x larger b—clv background:

my < Mp

or combined (my,q?) cuts

E,> (Mg2-Mp?)/2Mg

q*> (Mg-Mp)*...

The cuts destroy convergence of the OPE that work so well in b—c.

OPE expected to work only away from
pert singularities

Rate becomes sensitive to “local”

b-quark wave function properties %j_g
. . . . ! 04
like Fermi motion Dominant non- -,

pert contributions can be resummed
into a SHAPE FUNCTION f(k+)

In all approaches strong dependence
on input value of mp

0.8 ¢

-
"

parton model

including fermi motion (model)

kinematic limit of b—c¢

-
___-——"’

1
I
1
1
I
)
I
I
1
I
I
!
L
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L5 2
E; (GeV)

2.9

Luke, CKM2005
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SF from perturbation theory

The photon—energy spectrum: resummed perturbation theory

Resummed perturbation t
properties; stability!

heory Is qualitatively different: Support

Power corrections are small: resummed perturbation theory yields
a good approximation to the meson decay spectrum

b quark SF emerges from resummed =) T T ]
o o — — — DGE NLO i _
DGE NNLO ] i
CD but needs an IR prescription and ~ 5 i
: =~ 9| fized—ord sults: :
power corrections for b =B = T e LN, '
S Fh '
= --—-— NNLO + a&,%8,° // P '
. e = - 330 . 3 f \ ]
Dress Gluon Exponentiation (DGE) by o NNLO + a,’fo"+ as'fo .

. = B |I'I -
Gardi et al employs renormalon © S
. : . e i ]
resummation to define Fermi motion. — | v
Power corrections can be partly al Voo
accomodated. L\
Aglietti et al use Analytic Coupling (AC) E.Gardi - l \
. . . D =-|-=-=":7'-=—:_—_—_ —_—_______I _____ = = — — — —

for the IR and no power corrections:it is a = Tom > o5 e

model

I

Paolo Gambino FPCP 2008
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|Vub| from DGE

Even in the absence of

extra power corrections the
main features of the spectra
are reproduced " |V | stable

Only input other than ;s
my(myp)=4.20(7) PDG

small mp & high |Vub|

central value ~4.15x10-3 with <

moment fit mp

6.8% total error

Paolo Gambino

CLEO (E,)
3.86 £0.45+0.28 -0.27
BELLE sim. ann. (m,, q°)
444 +0.47 +0.23 - 0.21
BELLE (E,)

4.81 £0.45+0.22-0.21
BABAR (E,)

430029 +0.25-0.24
BABAR (E,, s™)

443 +0.30+0.37-0.36
BELLE m,

4291028 +0.28 -0.24
BABAR m,

4.56 £0.22 £0.30

~7verage +/- exp + theo

448 £0.16 +0.25 - 0.26

Sdof =7.9/6 (CL= 2
Dressed Gluon Exponentiation (DGE)

JHEP 0601:097,2006

| PDGI 2008

2

FPCP 2008

4

6
IV I [x107]
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Good consistency also here.

b & ¢ masses from PDG but
difficult to compare because

normalized to BR(B—XcIV)

Look at E; cuts higher than
2.3GeV because their
E|apparently does not

reproduce data

~7% total error
(no model error)

CLEO (E,)

3.47 £0.20 + 0.25 - 0.26
BELLE sim. ann. (my, q°) .
3.93 £0.42 +0.25-0.26 Tk
BELLE (E,)

3.18 £0.16 + 0.23 - 0.24
BABAR (E,)

3.44 £0.14 +0.25 - 0.26
BABAR (E,, s™) .
3.87 £0.26 +0.25 - 0.26 e
BELLE m, '

3.91 £0.26 + 0.26 - 0.27 — A
BABAR m, '

4.01 £0.20 +0.27 - 0.28 o

age +/- exp - theory
3.78 £0.13 £0.24

lietti, F. Di Lo > G. Ferrera , G. Ricciardi
[arXiv:0711.0860], and references therein (AC)
xz/d0f= 8.9/6 (CL= 18 %)

—

| PIDG 2008

2 3 4 5

VI [x107]

Paolo Gambino FPCP 2008
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Parameterizing the SF in the OPE

Fermi motion can be parameterized within the OPE like PDFs in DIS. At
leading order in my only a single function of one parameter enters (SF).

Beyond LO, there are more and the q* dependence cannot be neglected.

')

(15‘1" _ (') \;,/,’l'
dg?dgy dE, 873

{"H]—[)f —)(/(,r,-l- Wy 4+ ¢*(2E, — qo)W. }

2
ky | q 2
( ) — T - . s MU
b= ( mb*\[B> ! 'l]

This factorization formula perturbatively defines the distribution functions

Hvz ('(]O*. (]2'> — '77"2;;”'<_ :U) / dk n Fl ( /1’._|_’ (]2’ | [‘) U’I]mt

/ dky k" Fi(ky,q°) = local OPE prediction < moments fits

needs ansatz for functional form.

Paolo Gambino FPCP 2008
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IVub| in the kinetic scheme -GGOU

PG,Giordano,Ossola,Uraltsev

Good consistency & small th error.

OPE in a scheme with Wilsonian IR cutoff

~| GeV, all subleading |/mp and O(&s%fo)

terms consistently included,
careful treatment of high q? tail.

Inputs from global fit to the moments

+6.3-7.0% total error

C

CLEO (E,)
3.71 £0.43 +0.25 - 0.39

BELLE sim. ann. (m,, q°)

4.16 +0.44 + 0.33 - 0.34 ——k

BELLE (E,)

4.56 £0.42+0.23-0.31 P
BABAR (E,)
4.08 £0.23 +0.23 -

BELLE m,

0.33

3.89+0.26 +0.19 - &

BABAR m,

0.22

4.02£0.19+0.26 - 0.29

Av

394+0.15+0.20-0.23

P. Gambino, P. Giordano, G.
058 o)
x*/dof = 5.0/ 5 (CL = 41 %)

theory - theory

ola, N. Uraltsev

HFAG

PDGI 2008

2

Paolo Gambino FPCP 2008
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‘Vu b ‘ i n B L N P Bosch,Lange,Neubert,Paz

Good consistency. Uses elegant
multiscale OPE that resums
soft-collinear logs, but plethora of
largely unconstrained subleading SFs

dl = HI® S + % H!J & S [+ ...

mp taken from moments fit
without radiative moments
m higher mp with larger error

high mb & low |Vub]

central value ~4.15x10-3 with <
moment fit mp

CLEO (E,)
3.53+0.41+0.38-0.32
BELLE sim. ann. (my, q2)
3.98+0.42+0.34-0.29
BELLE (E,)
4371041+ 0.36 - 0.30
BABAR (E,)

3.90 £0.22 + 0.36 - 0.30
BABAR (E,, sy**)
3.95+20.27+0.42-0.36
BELLE (m,)

3.66 £0.24 +0.29- 0.24
BABAR (my)
3.74+£0.18 + 0.33 - 0.28

~Rverage +/- exp + theor

399+0.14+0.32-0.27

=6.5/6 (CL =
OPE-HQET-SCET (BLNP)

Phys.Rev.D72:073006,2005

m, input from b—> ¢ 1 v moments

eory

I—|—+—|—|

HFAG
I

PDGI 2008

~8% total error

Paolo Gambino

2

FPCP 2008

4

6
V| [x 107]
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Constraining Weak Annihilations

[Vup | x 10°

|
| An example
|
|

WA happen at max g%, may pollute all present estimates, and tend to decrease the
extracted Vup. Present bounds from CLEO and Babar are not yet at the required level.

Analyses with an upper cut on g? are crucial to remove this uncertainty, see Babar
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Vur cCOMMents

All frameworks interesting, not all equivalent for a precise
determination of |V

Not all observables are equivalent, some cleaner. For ex high g tail
is sensitive to VWA: drop it until WA is known!

Need spectra and/or analysis with varying cuts: only way to test
frameworks

More inclusive measurements decrease the dependence of the
results on myp

Parametric errors are (largely) experimental: let’s agree on which
input parameters to use and start quoting them as exp. HFAG has
presently 4 incoherent values for Vb

Paolo Gambino FPCP 2008
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Conclusions

* CKM is in a great shape!

* The K renaissance has brought us the
Cabibbo angle at 0.5%

— 0510 6 O
* Exclusive and inclusive |Vcb| disagreeby © b |
~20 if we take the latest FNAL lattice result = : ' 5
03 :_ ...... | i
* M)/ best |Vub| value (from Mx cut only); 0252_ L 3

|Vub|=(3.9510.17+9-20 ¢ ,3)x 103 oafh S

* No discrepancy with exclusive determination,
slight tension with UT determination

* Need better and safe mp determinations, an
to use data to test theories and models...:
information on spectra is crucial

Paolo Gambino FPCP 2008

1 | 1 i | 1
0903 0.0035

70.004 0.0045 0.005
-4
Vub[10 ]

thanks to Marcella Bona
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