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Outline
* |Vub| and |Vcb| estimated through SL decays

e Crucial input also for NP sensitive other estimates, f.iex = f(|VcDb])
e |Vub| possibly extracted from NP sensitive B*>t* v

« Some recent progress in inclusive and exclusive results




Exclusive B - D/D*{v decays

« Form Factors (FF) : non perturbative evaluation main theoretical uncertainty

_ _ - -
dl' (B — Div) x (? - 1j3f? VoG (w)? dl'(B — D*lv)

- ('LL'E _ 1)1,-’2
dw dn

Val*[F (w)|?

w=vp'vp 21 Wpep13 related to the energy of the outgoing O

* FF are predicted to be 1 in the limit of
— w=1 (zero recoil point, with leptons back to back and mesons at rest)

— Infinite mass limit for both b and ¢

On theory side, calculate deviations from unity at w=1 (lattice vs sum rules)
| ——

« IVcb|?x FF is fitted from data at w different from zero (due to vanishing of
phase space at zero recoil point) and then extrapolated to w=1



Lattice results

« Recent results for B — D* from unquenched Fermilab/MiLC in 2+1
flavour (CKM 2010)

F(1) = 0.908 + 0.17

H’;b‘F(lj % 103 = 36.0440.52 HFAG end of 2009 update
syst
V| = 39.7(7)(7) x 1073

stat
 results shows 1.6 o disagreement with the inclusive determination
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For B -> D unquenched Fermiiab/MILC in 2+1 fiavour (hep-iat/0409116)

G(1) = 1.074 £ 0.018 £ 0.016

G(1)\Vep| = (43.0 £ 1.9 4+ 1.4) x 103 (Babar arXiv:0904.4063)

V| = (3984 1.8+ 1.3+ 09p)x10"°

By using a quenched lattice calculation based on the Step Scaling
Method (relatively small model dependence, avoiding the large

extrapolation to w=1) (de Divitiis et al., arXiv:0707.0582 [hep-lat])

V| = (41618 +14+0.7pp) x 1073

Work in progress in the unquenched Fermilab/MILC analysis:
methods, statistical errors, and parameter coverage (arXiv:
1111.0677)



Non-Lattice FF estimates

« B D* (Gambino, Mannell, Uraltsev. 1004.2859 [hep-ph])
— Based on Zero Recoil Sum Rules
— Including full o, and up to 1/m,> F(1) =0.86 £0.04

« B—>D (Uraltsev hep-ph/0312001)

— Based on "BPS”
(Bogomol'nyi-Prasad-Sommerfield) limit g(1 ) =1.04 +0.02

OPE parameters: U2 = Hg? \(motivation: rather close values obtained
from experiment in inclusive B decay)

« Results are in better agreement with inclusive decays

Vebexel = (41.04£1.5) x 107

(Mannel, FPCP 2010)




Inclusive decays
r r

<l

« OPE factorization of short and long distance dynamics
(m» much larger than any scale in the matrix elements)

— Nonperturbative input given by matrix elements of local
operators

— Coefficients of the operators perturbatively calculated

 parameterization of heavy quark dynamics by means of
Heavy Quark Expansion (HQE)

— double series in a, and A/m,



HQE

« Sketchily (also for differential rates)

G'?;m.g’
19273

(B — X lv) = Vs |

< Os > < Og > 1
c3 < Oz > +cg 3 + g .g + O (—4>]
my m; ms,

* ¢; short distance, perturbative, calculable exp. in o

« <O non-pert. matrix elements of local operators
— dependence on quark masses and HQE parameters

(2 parameters at O(1/m,?), , < Bbioc*¥Casb|B >
Chromomagnetic moment He = 2Mpg
Kinetic energy 2 S B|b72b|B >

o 2Mp

2 more at O(1/my3)...72 at O(1/m.®)...)
— quark masses defined in a chosen scheme (1S, kinetic, ...)



Some recent th improvements in inclusive b >c |v

Tree level terms up to and including 1/m,°> [Mannel et al. arXiv:1009.4622]

O(o,2) corrections to the partonic differential rate

[Biswas et al. arXiv:0911.4142; Melnikov arXiv:0803.0951; Dowling et al. arXiv:0809.0491;
Pak et al. arXiv:0803.0960]

Short distance p 2at order O(a) (ug2still at tree level ): negligible effect on
|Vcb | [Becher et al. arXiv:0708.0855]

Term involving inverse powers of mc (Intrinsic charm):1/m21/m.?
[Bigi et al. arXiv:0911.3322]

Under the way:

Short distance pg2 at order O(a,) (in case of radiative decays effect of about 20%
on coefficients), intrinsic charm and weak annihilation contributions

reaching th uncertainty at the level of one percent.



|Vcb| determination Strategy

* measure spectrum + as many moments as possible
« Fit to HQE parameters, quark masses and |V,

Latest Fits Exp 1h
Hadronic mgueﬁ’ts/ M ergy moments
Vs (1072) 42.05+0.45+0.70 < 41.91 +0.48 +£0.70
my (GeV) 4.549 +£0.031 = 0.038  4.556 4= 0.034 = 0.041

BaBar: simultaneous fit (kinetic scheme) to 12 hadronic mass moments (or 12
combined mass-energy moments), 13 lepton energy moments (including partial
branching fractions as 'zero order' moments), and 3 photon energy moments in

B — X, y (arXiv:0908.0415)

Kinetic scheme 1S scheme

V| (1079) 4158 £0.90  41.56 £ 0.68

Belle: 14 moments of the lepton energy spectrum, 7 hadronic mass moments
and 4 moments of the photon energy spectruminin B — X, v (hep-ex/0611044)



HFAG global fit (kinetic scheme):
BaBar, Belle, CLEO, CDF and DELPHI (66 meas.)

Tnput V| (1079) met (GeV) 2 (GeV?) |
A moments | 4T85 £ 0.42 0,00 £ 050 4501 = 0,031 0451 £ 0.038
X, fvonly |41.68+0.44+0.09+0.58 4.646 £ 0.047 0.439 + 0.042

The first error on is the uncertainty from the global fit, the second is the error in the average
B lifetime and the third error is an additional theoretical uncertainty

NOTE: The kinetic scheme fitting routines are now undergoing a major
upgrade, concerning the inclusion of higher order effects, the possibility
to change the perturbative scheme, and the inclusion of additional

constraints in the fit ( e.g. independent m_ to fix m,)
( Gambino, arXiv:1102.0210)

UTfit (41.17+ 0.43) 1073 SM fit summer 2010 (pre-ICHEP)

CKMfitter | (40.7+ 0-.19_ 0 13) 1073 Lepton-photon 2011




B->nev:|V,| Exclusive determination

dr(B" — ntew)  GiL|g.*
dg? 2473

_—

theoretical predictions for the FF split into two parts:

FF normalization at g% = O & functional form of the g2
dependence

-2 2412
V|~ [ £+(a7)]

Once again

Lattice: high g2 regions q2 > 16 GeV?

QCD Light Cone Sum Rules: complementary information
low g regions 0<q2<@’max (q?>max =12 or 16 GeV?)
- analytically continue to higher value



Lattice

Two parameterizations for FF shape in g°:

— z-expansion (Arnesen et al., Boyd, Grinstein, Lebed), based on
analyticity, unitarity, and HQ symmetry (used with FNAL/mILC
data)

— Becirevic Kaidalov (BK) parameterization, 3-parameters
description given by the Mg« pole (used with HPQCD data)

.......... R R A o e R AN
O | © HPQCD 06+ BABAR "10 —
® FNAL/MILC 08 + BABAR "10 : 9 1 : —
. e FNAL/MILC 08 + BELLE 10 | _f&rc"LL\ = (3.12£0.26) x 10—3
@ = Prvaigeuvsants eq Laiho, Lunghi, Van de Water (LLV) 2010
Enal of 2000
i v b b v v v by b by by aa b L
X 28 3 3.2 34 16 3._13 4 42 44 4.6 Include Only Nf=2+1
v Ix10°
100% correlation is taken for the
330 discrepancy theory/experimental errors in calculations

with inclusive calculations using the same lattice/exp. data.



QCD Light Cone Sum Rules

latest update of estimates in the full kinematic regions

(z-parameterization): error down to 10%
Khodjamirian, Mannell, Offen, Wang 2011

(L0%

mt_*ﬂ_”w (GeV™)
BR(B -+ a*17)
o
& i‘ !
h.q“H”_iﬁ + | Vil = (3507838, £0.11|, ) x 1072
004 - P {k‘_{_ 1 0.331th.
%x
02
"-.‘~‘:~54t X agreement with lattice
SR still lower than
(colour emline) The normalized g*-distribution in B — wlv obtained from IﬂClUSIVG determlnathn

LCSR and extrapolated with the z-series parameterization (central input- solid,
uncertainiies -dashed). The erperimental doto points are fmm BABAR: fred}

squares 1], (blue) friangles /2] and Belle [3[: (mogenta) full circles. |V1:;EE| _ {4 344_3 ;gj » lﬂ_g HEAG 1010.1539



Inclusive |V |

large b — ¢ background (|V/V,,[?> =100 )

Need experimental phase space cuts to reduce background;
in general
my << Ex

Phase space regions where OPE fails become dominant; new
unwelcome effects (with respect to semileptonic b — c):

* Final gluon radiation strongly inhibited: soft and collinear
singularities
« perturbative expansion of spectra affected by large logarithms
a" log®(2 Ex/my)
to be resummed at all orders in PT

* non-perturbative effects related to a small vibration of the b
quark in the B meson (Fermi motion) enhanced at my? == Ay Ex



Possible routes

 Enlarge experimental range

— Belle results 09 access 90% data, claimed overall uncertainty of 7% on
|Vub |

 Enlarge theoretical prospective
from HFAG

— predictions based on parameterizations of shape function, and OPE
constraints

— BLNP Bosch, Lange, Neubert , Paz
— GGOU Gambino, Giordano, Ossola, Uraltsev
— predictions based on resummed pQCD

— DGE Dressed Gluon Exponentiation Andersen, Gardi
— ADFR Aglietti, Di Lodovico, Ferrera, Ricciardi

non HFAG global fit of shape function, |V | and m, (also dataonB > Xsy)
SIMBA Tackmann, Lacker, Ligeti, Stewart...



Shape function and resummed pQCD, qualitatively

 Shape function approach

— in the threshold region inclusive description is still possible, with the
introduction of a non perturbative distribution function (shape
function)

— at leading order is universal

— Subleading shape functions are difficult to constrain and are not
process independent

« ADFR approach:

— introduce nonperturbative effects by an effective, infrared-safe, low
energy QCD coupling constant, which mimics, in this specific threshold
framework, non perturbative Fermi motion effects

— the coupling is universal (radiative decay processes as well as B
fragmentation processes)

— no free parameters; the whole fragmentation process is inserted in a
perturbative framework automatically IR regulated



Some th issues

Unlike resummed pQCD, the OPE does not predict the shape
function, ansatz needed for its functional form (About 100 forms
considered in GGOU)

Shape function approach established in different contexts and allows
systematic improvements (recent NNLO corrections BNLP

[Greub, Neubert, Pecjak arXiv:0909.1609] )

pQCD approaches connects B decays and B fragmentation; more
predictive, but more rigid (ADFR—> change of the model effective
coupling)

Weak annihilation diagrams may pollute all present estimates and
tend to decrease the extracted V,

estimated at most a 2% effect at the level of the total rate
[Ligeti et al. arXiv:1003.1351, Gambino et al arXiv:1004.0114]



CAvmnn
oV ”IJ on

+ Spread among
calculations comparable
to quoted theoretical
(non-parametric) errors

* Not listed 2009 NNLO
perturbative terms for
BLNP (increase |V | by
~8%)

Vil = (434752

~-GGOU
=B=BLNP
=*=DGE
==ADFR

Kowalewski , Beauty 2011

) x 10~3 HFAG, 1010.1589




WHAT VALUE FOR |V | ?

* Inclusive determination systematically higher than exclusive

50
[V, | averages [1073]
45 :
+ L
40 ! :
| ¥ V,incl- V, excl = 1.10 +0.42
I
35 I 2.60
| .
10°|Vyel § Vi
30 | [
| Bernlocher, FPCP2011
25 - T I‘ T
10*|Vub|-incl 10*|Vub|-exd  |Vcb]-incl | Vich | -excl

Kowalewski , Beauty 2011

« Indirect determination through UT fit (includes direct measurements as
well as indirect) prefers lower central value

UTfit (3.64+ 0.11) 1073 SM fit summer 2010 (pre-ICHEP)
CKMfitter | (3.5+ 0.46 _ 0 22) 1073 Lepton-photon 2011




Experimental future? SuperFlavors

B factories unique in studying |V, |: BB pair alone (vs many
particles not associated with the two b hadrons in LHC-b)

— exploiting quantum correlation Y(4S)—>BB

— Method: fully reconstruct one the two B’s in hadronic mode (Breco)--
obtain a high purity Bbeam on the opposite side (B recoil)

— (almost) completely eliminate continuum background
— unique to study rare decays and channels with missing energy

Trading loss in statistics with reduction in systematics >

perfect tool for SuperB o
SuperB (50ab—1)+lattice improvements

i Vub i J H‘,—’ = 0.6 ]
. ; - 0.5 i o
23 % (excl) 2% (incl) -f .
; _x__'____-_._ {H[E;wp : 2 u_q: __-___L_:_:- "_'"""‘--.. y
SuperB (75 ab™) o || S
I Vcb I ;// A\ e 0.2-
. l.":::f ~._.-__I , ey
precision below the percent level (/48 | '-.I|ﬁ' o4
(both excl and incl) ! A,
. | [ wm E o]
SuperB arXiv:1008.1541 s ORI s O o oq 02 63 04 05 06

[}
[ cim . P.



Conclusions
|V.,| Tension with exclusive reduced from 2 ¢ (PDG 2010) t0 1.6 ¢
(lattice; also uncertainty reduced); even better LCSR
Inclusive computation under improvement (kinetic routine)

V| Exclusive: LCSR (2011) has reached 10% th uncertainty & Lattice
FNAL/MILC work in progress to further reduce errors
Still discrepancy with inclusive, despite recent exp progress

Inclusive: approaches needs whatever improvement you can give
Quotation from Altarelli final talk at FPCP 2011 arxiv:1108.3514

"T think that this "tension”is due to the fact that over the last 30 years
hundreds of theory papers have been devoted to the determination of V, . each
author claiming that his work led to a decrease of the theor. Error”

SuperFlavour's awaited



