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Why precision CKM studies!?

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

® We expect New Physics at the EWV scale, and most
models predict additional flavour and CP violation.

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

® To uncover small signals of physics beyond CKM, we
need precision tests, in many ways a challenge for
our QCD understanding
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Weak and mass
eigenstates

Wolfenstein barameterization

The CKM matrix
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To improve the accuracy, define to all orders in A
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The Cabibbo angle
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A = sin(fcabibbo) = Vs
Universality of charged currents < CKM unitarity

Vo |2+|I/us‘2+‘l/ub‘2=1

O(10-°)
Comparison between Vy4,Vus determinations of A tests unitarity of the first line of Vckm

A could also be measured from 2nd line,Vq4 (DIS) at 10%,
W decays at LEP constrains Z;|V;j|* at 1.3% Veat 1.3%
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A from Vua: Fermi transitions

Superallowed Fermi transitions (0*->0* B decay) (ps; 0T [avy,d|pi; 0F) = V2(pi + pr),
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Other V,4 determinations

neutron f3 decay not pure vector, needs

galgy but no nuclear structure. dV,4~0.002, will be
improved through asymmetry measuremnts at PERKEO,
Heidelberg and UCNA, LANL. 2005 measurement of n

lifetime (60 away) serious problem!
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e : times in apparatus
| Te :
Ultracold — E<E. ‘

heutrons == | frapped : Need relatively small
""""""""""""""""""""""""""""""""""""""""""" ' number of neutrons

TT* decay to T1%eV th cleanest, promising in long
term but BR~10® PIBETA at PSI has dV.4~0.003

BR(7t — et (7)) 2
1.2352 x 104

V,a = 0.9749(26)
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A from K3 - Experimental progress
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F+(0)|Vys| = 0.21673 £ 0.00046

0.25% accuracy!
muon channels perfectly consistent
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A from Kj3 - Theoretical progress

FoO) =14 fo+ f1+... SU(3) symmetry,

7 K%*(()) Ademollo Gatto
+ =0.964(5) RBC-UKQCD 07
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Cross-check of Kj;!
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Unitarity of the first row

[Vius| = sin 6 = A = 0.2255(7) lwith unitarity]

2 2 2 __
|VUd| + IVUS| + |V;tb| _ 0.230}k FJ?\LA
=0.9999+0.0006 Sl AR

f+(0) = 0.9644(49)
fi/f = 1.189(7)

Inclusive Tau decays also give A with ~1%

error but need ms(mr). 0.225
Preliminary Belle and Babar data suggest
0.2165(27) but there are some doubts
on experimental analyses (missing modes)
Gamiz et al 2007, ...

0970 0975 Vg
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Constraints on New Physics

® Bounds on non-universality : Gf*M=[.1663(4)10~ GeV~
Gu =1.166371(6)10 GeV~
GFEW =1.1656(11)107 GeV~
Can be tree-level (mixing with heavy quark)
or loop induced (squarks vs sleptons)

oo

(7)

@ tan

® Bounds on scalar currents, eg charged
Higgs interactions in Kj;

40

4

4 B 95 CLfrom K—=uv/x—=u
20F .~ [] 95%CLfromB —v

AAAAAAAAAAAAAAAAAAA

Charged Higgs mass (GeV)
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Determination of A
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A can be determined from either Ve, or Vs
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Two roads to Vb: inclusive and exclusive
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Inclusive vs exclusive B decays

Simplicity: ew or em currents

‘ ® probe the B dynamics
(B) INCLUSIVE EXCLUSIVE

OPE: non-pert physics Form factors: in

described by B matrix general computed by non
elemnts of local operators pert methods (lattice, sum
can be extracted by exp rules,...) symmetry can
suppressed by 1/m,? provide normalization

As precision increases, simplicity evaporates...




Exclusive decays: B—D"Iv

. . . ALEPH (excl)
At zero recoil, where rate vanishes, the ff is 6+ 18+ 13 D
CLEO ,
. 413+ 13+ 1.8 ! ——
f 1 — 1)} 1 O . 2 OPAL (excl) :
( ) 7‘4( + 1/771 ) 369+ 1.6+ 1.5 'y
. OPAL (partial reco) |
Recent progress in the measurement of slopes and shape 376+ 12+ 24 B
. . o DELPHI (partial reco) X
parameters Despite extrapolation, exp error ~2% 584 140 23 i
BELLE (excl) ,
. . . . 347+ 02+ 1.0 ——
Main problem is normalization F(1): non-pert DELPHI (excl) |
quantities relevant for excl decays cannot be e e
experimentally determined 3.9+ 03+ 11 S
BABAR (D*0) i
349+ 08+ 14 t—*—t—H—i:
New and only unquenched Lattice QCD: BABAR (Global Fit |
357+ 0.2+ 1.2 ]
F(1) =0.921(24) Laiho et al 2008, HQET, double ratio Average 5
354+ 05
— _3 y*fdof = 39/21 (CL = 0.01 %) HFAG
Vcb\—38.2(0.5)(|.|)x|0 | | | |
| ] h | |
~2.40 from inclusive determination 25 30 35 40 45

F(1) x IV, | [107]
NB Heavy Quark Sum rules give higher |V|:  Lattice promising alternative: step scaling, w

F(1)=0.87(4) Uraltsev in agreement with inclusive dependence, only quenched de Divitiis et al

work in progress . . .
B—Dlv gives consistent but much less precise results



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 matrix elements 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)...
d
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Fitting OPE parameters to the moments
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Total rate gives |V|, global shape parameters (moments
of the distributions) tell us about B structure

OPE parameters describe universal properties of the B
meson and of the quarks
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Global fit (kinetic scheme)

Inputs |Veo| 103 m v*/ndf In the kinetic scheme the contributions
boe & of gluons with energy below u~= [GeV are
b—>csy 4 60| (34)\ 29.7/57 absorbed in the OPE parameters
Hbere s?iéﬂ)f’:e means also a
R number of different assumptions
ITE @il 24.1/46 and a recipe for theory errors
Based on PG, Uraltsev & Benson —~ e
I R B B IR > I |
| G 05- HFAG
:l:’ ! ICHEPO8 ]
2075) % =. i i
g k. NN 2 -
. 0.4 s
| ; - X 1v i
osl H - B X Iv+ Xy T
0.351 —
ol i Lo | |C1'S|Chwlandla for II_IIFAIG—
NI | | 4.55 4.6 4.65 4.7
osl f | Upgrade of code under way, m, (GeV)
U R ML I R discrepancy reduced

Paolo Gambino La Thuile 2009 | 7



Fits & Quark Masses [

at fixed Ve

]

Assume quark-hadron duality but 7
self-consistently check it 4.70 -

Semileptonic moments identify a *
strip in (mpm¢) plane along which 4.65
the minimum is shallow. *

4.60 PDG FAG fit

Inclusion of radiative moments

controversial as OPE fails at O(Xs).
At present the role of radiative 4.55
moments in the fits is similar to 7
using PDG bound on my.

Kuhn, Steinhauser,Sturm

Incl. [Vep| looks OK 10 1 12 13
Heavy quark masses? K0 (GeV)
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The Unitarity Triangle

Unitarity determines several
V V* 5 triangles in complex plane
jitojk o Yik

Vud Vu*b + Vcd VCZ i I/l‘d I/t‘z = O 0()

pH1N

area= measure
of CPV

C=(0.0) B=(1.0)

no
V4 cannot be accessed directly:

need FCNC loops sensitive to 08
new physics eg Bq, Bs mixing | p
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The Unitarity Triangle

P =0.154 £ 0.022
N =0.342 £ 0.014

Almost identical results by CKMfitter @ ICHEP 2008

1
— "’,V'A"'n
- Y
0.5+ 3 ©_’ '
VC
o - b
0.5 P
A “
N [ ' ",l l"'
-1 -0.5 0.5 1
D

getting closer to 5% accuracy?
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UTfit inputs:
¢=1.21(4) Bk=0.75(7)

Bk=0.725(50) Lellouch LATO8
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Exclusive determination of |V

v2/d.o.f. = 0.59

High exp accuracy. Various parameterizations 12—

based on analyticity etc + experimental data on
the g° spectrum: model independently

10—

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

== simultaneous 4-parameter z-fit
O Fermilab-MILC lattice data

# BABAR data rescaled by |V,| from 2-fit ¢ .

MILC-Fermilab 08

1 1 l l‘ 1 1 1 l 1 1

2T
ff on lattice or with LC sum rules, no sk
symmetry helps. LCSR cannot be much [
improved, while lattice can i
LCSR: |V = (3.5 +£0.4+0.1) x 10~ ’

Ball-Zwicky

i
5 10 15

> (GeV?)

Vas| = (3) +0.4|, £ 0.:2|shape + 0.1|BR) x 1072

V| x 10* = 3.38 + 0.36.

Duplancic et al
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MILC-Fermilab 08

Vub|X103=3.36+0.23 Bourrelly et al 08 Combines older lattice results +LCSR with larger (!)
errors and a new parameterization

21



IVub| 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

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” 06 |
b-quark wave function properties %c%
like Fermi motion Dominant non- (GeV‘l’)M
pert contributions can be resummed sl
into a SHAPE FUNCTION f(k+)

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

q*> (Mg-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

05 | L5
E; (GeV)
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2.9

Luke, CKM2005
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SF from perturbation theory

Resummed perturbation theory is qualitatively different: Support

properties; stability! (E. Gardi)

b quark SF emerges from soft-
gluon resummed pQCD but
needs resummation of running
coupling corrections and power
corrections for b B

Dress Gluon Exponentiation (DGE) by
Gardi et al employs renormalon
resummation to define Fermi motion.
Power corrections can be partly
accomodated.

Aglietti et al (ADFR) use Analytic
Coupling in the IR

— — — DGE NLO el
DGE NNLO L
fixred—order results: '
— — — NLO

NNLO o

--—-— NNLO + a,°B," _
------ NNLO + a B+ a,'f,°
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The SF in the OPE

Local OPE has also threshold singularities and SF can be equivalently introduced
resumming dominant singularities Bigi et al, Neubert

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

Unlike resummed pQCD, the OPE does not predict the SF, only its first few
moments. One then needs an ansatz for its functional form.

F1(k: 0.1GeV)

/ dky k7 Fi(ki.q°) = local OPE prediction < moments fits

Iwo very different implementations:
PG,Giordano,Ossola,Uraltsev (GGOU)
Bosch,Lampe,Neubert,Paz (BLNP)
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1.2 DGE

ol GGOU
i BLNP
> 08 ADFR
= i
= 06!
—_ I
= 04/

| Mx
02

spectrun
0.0F w

1.0 15 20 25
My(GeV)

X Comparison at common inputs

X Overall good agreement with
one exception SPREAD
WITHIN TH ERRORS

X Precise measurement of spectra
may allow to discriminate bet-
ween them, but difficult for exp

X Strong mp dependenceVb=mp*>

V| 10°

500 . only theory errors
I ithout common parametric)
3| /\///\ |
1 2 3 4 5 6 8
Different exp analyses (cuts etc)
,s BABAR
4.§\
Vub as functien of cut
35 on electron energy
2. 2.1 2.2 2.3
Ecu(GeV)
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3
* Not all observables are equally clean. eg Average |[Vu|x 10
high q? tail is sensitive to WA DGE  |4.26(14)ext'%.13

* Need spectra: only way to test BLNP  [4.31(16)ex*3227
frameworks (see E;spectrum).
. .( °P ) GGOU |3.96(| 5)ex+20-23
e More inclusive measurements, less

dependence on mp 2.1, 1.9

(MILC-FNAL)

 Theory errors are partly parametric (mb) 3.1,2.4 from UTFit
(becatrse”of sin2 )

This includes about 90% of the rate
really inclusive measurement, no need
for SF. Only crucial input mp
needs to be confirmed!

NEW PHYSICS?
eg LR models Chen,Nam
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More

" J tensionls
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CP violation in B vs K decays

Recent lattice results for Bk and previously neglected contributions lead to
5% smaller €k, in conflict with sin23

Assuming SM, use sin2B, |Va|, A, AM/AM4,E, Bk=0.720(39) RBC-UKQCD

€M =(1.78+0.25)103 vs  |ex|*P=(2.229+0.012)107

’o8-2. ’0- depending on assigned €rrors Buras,Guadagnoli,Lunghi Soni
Easy to find new physics explanations, even in CMFV

UTfit without sin2Bexy=0.672(24) gives sin2=0.732+£0.034 m | 50
CKMfitter finds 2.5 tension between sin2Bex» and B—TV (depends strongly on Bs)
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-1.0

-0.5 0.0 05 1 0
I Lunghi, Soni 2008

Perhaps sin2f3 is simply too low...
... or inclVyp and Bk both wrong
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Conclusions

CKM is overall in a good shape

Great progress in lattice calculations

A few ~20 problems: inclusive and exclusive |Vx| tend to
clash, sin23 seems a bit low, too early to invoke new physics

We need better my determinations and to exploit data to
check theory calculations (shapes, distributions etc)

Important constraints on new physics but no time to
discuss them
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