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IMPORTANCE OF |V

Vep and Vi, play important role
in the determination of UT

and 1n the prediction of

FCNC:
o |ViaVisl? == [V |1+ O(V)]

Vo already dominant error
in Bs—u w, K—mvv, ex
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Since several years there 1s a tension between the exclusive and

inclusive determinations of |Vys| and |Vep|



INCLUSIVE |V



INCLUSIVE DECAYS: BASICS
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» Stmple idea: inclusive decays do not depend on final state, long
distance dynamics of the B meson factorizes. An OPE allows to
express 1t in terms of B meson matrix elements ot local operators

» 'T'he Wilson coefficients are perturbative, matrix elements of local ops
parameterize non-pert physics: double series in as, A /my

* Lowest order: decay of a free b, linear /1/m; absent. Depends on my, .,
2 parameters at O(1/my?), 2 more at O(1/mp?)...
d
u
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OBSERVABLES IN THE OPE

l\.')

OPE valid for inclusive enough
Qm ) measurements, away from
3 R [ perturbative smgularltles L g

(o) semileptonic width, moments
The fit presented here includes

6 non-pert parameters

b b mp,c, ,U27r G, ,03D LS
5 B R
+ O (ozg’, 0 —s, Qs —=, — )] and all known corrections up to
W i, g O(A° /my’)
m2 B y




EXTRACTION OF THE OPE PARAMETERS

Ei spectrum
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Global shape parameters (first moments of the distributions) tell

us about B structure, my and m, total rate about | Ve |

OPE parameters describe unwersal properties of the B meson and of
the quarks — useful in many applications (rare decays, Vi,...)



LET’S FOCUS ON:

1. Status of higher order corrections
2. Estimate of residual theoretical errors

3. Additional constraints in the fits



HIGHER ORDER EFFECTS

» Rehability of the method depends on our ability to control
higher order eftect and quark-hadron duality violations.

* Purely perturbative corrections complete at
NNLQO, small residual error Melnikoy, Biswas, Czarnech BiREE

 Higher power corrections O(1/my*3) known
Mannel, Turczyk,Uraltsev 2010

 Mixed corrections perturbative corrections to power

suppressed coefficients completed at O(as/mp?)
Becher, Boos, Lunghi, Alberti, Ewerth, Nandi, PG



HIGHER POWER CORRECTIONS

Mannel, Turczyk,Uraltsev 1009.4622

Proliferation of non-pert parameters and powers of 1/m.starting 1/m°. At 1/my*

2Msm; = (((B)?)°) 2Mgms = g*(S - (E x E))
2Mgm, = g?(E2) 2Mpmg = 92<§°( X B)>
gt 2Mam, = 9((S - F)(p- B))

- —» 2Mpms = g((S - B)(P)*)
2Mpgmy = g(p - rot B)

can be estimated by Lowest Lyin Gl
State Saturation agprox by tru%’catging <B|0102 ‘B> e Z<B‘Ol ‘n> <n|02 |B>
n

In LLSA good convergence of OV.p s
the HQE. First fit with 1/m*>: VD st

Heinonen,Mannel 1407.4384 have more systematic approach

Turczyk,PG preliminary

LLSA might set the scale of effect, not yet clear how much 1t depends on

assumptions on expectation values. Large corrections to LLLSA have been found.
Mannel, Uraltsev, PG, 2012

Allowing 80% gaussian deviations from LLSA seem to leave V¢, unaftected.



Boos,Becher,Lunéhi 2007
E h L
MATCHING AT O(Os) i

Alberti,Nandi,PG 2013

possible gluon
"~ Insertions

2 [ dtz e T @) 750) = 32 O (v,q) 01 0) M

T

Taylor expansion around on-shell b quark matched onto HOQE'T local operators.
Analytic formulae. RPI relations reproduced. Unlike iz, tc gets renormalized,
therefore Wilson coetficients scale-dependent.



NUMERICAL RESULTS

In on-shell scheme (m,=4.6GeV, m.=1.15GeV) without cuts

2 2
Ppox.e =To [(1 —1.78 %) (1 — 2“# ) = (1.94 +2.42 "8) “G(’?b)]

2
m my ™ my

(Er) = 1.41GeV [(1 —0.02%) (1 + “i) — (119+420=) “é(’;’“b)‘

™ 2mj, ™ mj

- 2
£y = 0.183 GeV? [1 — 0162 4 (4.98—0.37 %) L= (2.89 +8.44 O‘S) "G("z}b) ]
m m™/ m - m?

Similar results in the kinetic scheme. NLO corrections generally O(15-20%)
of tree level coethicients, shifts in some cases larger than
experimental error. Impact on V¢ requires new fit of semileptonic
moments.

Mannel, Pivovarov, Rosenthal (1405.5072) have computed the ¢ correction to the width in
the limit m.=0 and find compatible result.



New Contributions C’)(ozs/mg :
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THEORETICAL ERRORS
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T'heoretical errors are generally the dominant ones 1n the fits.
We estimate them 1n a conservative way by mimicking higher orders
varying the parameters by fixed amounts.

Duality violation, expected here to be suppressed, would manifest as
inconsistency in the fit.



THEORETICAL CORRELATIONS
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Correlations between theory errors of 455
moments with different cuts difficult to :
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1. 100% correlations (unrealistic but used previously)
2. corr. computed from low-order expressions Schwanda. PG 9013

3. constant factor 0<E<1 for 100MeV step
4. same as 3. but larger for larger cuts

always assume different central moments uncorrelated



THEORETICAL CORRELATIONS
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NEW SEMILEPTONIC FIT

Alberti, Healey, Nandi, PG, 1411.6560

updates the fit in Schwanda, PG, 1307.4551

kinetic scheme calculation based on 1107.3100; hep-ph/0401063

NNLO partonic: 1t includes all 0( 0652 ) COITECtIONS Crarnecki, Pak, Melnikoy, Biswas, PG
includes new O(a.;/my?) complete corrections, not the O(1/mg*)

reassessment of theoretical errors, realistic correlations

external constraints: precise heavy quark mass determinations,

mild constraints on y’c from hyperfine splitting and 0’15 from sum
rules

Previous global fits: Buchmuller, Flaecher hep-ph/0507253, Bauer et al, hep-ph/0408002 (1S scheme)



CHARM MASS DETERMINATIONS
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Remarkable improvement 1n recent years.
m. can be used as precise mput to fix minstead of radiative moments



FIT RESULTS

NEW my" me(3GeV) pz  ph  weé pis BRew
4.553 0.987 0.465 0.170 0.332 -0.150 10.65
1411.6560 |,y 0013 0.068 0.038 0.062 0.096 0.16 L 078 4

my™  mBOVu? oy pg prs BRow (%)

Sggg%ﬁ%a 1541 09087 0414 0154 0340 0147 1065
0.023 0013 0.078 0.045 0066 0.098  0.16

Without mass constraints ;" (1GeV) — 0.85m.(3GeV) = 3.714 4+ 0.018 GeV
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RESULTS: BOTTOM MASS
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The fits give mp*"(1GeV)=4.553(20)GeV, independent of th corr.
scheme translation error my™(1GeV)=mp(mp)+0.37(3)GeV
mp(myp)=4.183(37)GeV



FURTHER CHECKS
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EXCLUSIVE DECAY B—D" (v

At zero recoil, where rate vanishes, the ff is

F(1)=na [1 +0 (é?) o ]

Recent progress in measurement of slopes and shape parameters, exp error only ~1.3%

The ff F(1) cannot be experimentally determined. Lattice QCD is the best hope to
compute it. Only one unquenched Lattice calculation:

F(1) =0.906(13)  §[ Ve[ =39.04(49)cxs (53119 10°7]

Bailey et al 1403.0635 (FNAL/MILC)

1.9% error (adding in quadrature)

~2.90 or ~8% from inclusive determination

B—Dlv has larger errors: new \Vcb\=38.5(2.0)x 10-3
at non-zero recoil!  Qiuetal 13120155




COMMENTS ON Vi

Heavy quark sum rules (with BPS arguments) favor smaller
F(1)=0.86(2) leading to agreement with inclusive. Difficult to
improve, how good 1s BPS limit?

Extrapolations to zero recoil by exp. coll. use Caprini et al
parameterization, based on NLO HQUFET, and do not include a 2%
uncertainty. Only 2 parameters, fits well exp data but rigid in low
recoll region. Lattice ssmulations at non zero recoil under way:

Matching at 1/mq’ for lattice discretization effects under study

by FNAL/MILC. Other collaborations working on B—D" {I.

Indirect | Ve, | determinations assuming SM+unitarity CKM:
UTFit 42.05(65) 10° CKMFitter 41.4%2%14 10



Extrapolation to zero recoil,
possible parameterization effect (qualitative picture)

Babar form factor shape from 0705.4008



probability density

Voo VISUAL SUMMARY

o6l - UTHtSM
i prediction: -
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Latest lattice results for

exclusives (FNAL/MILC)

probability density

06
- Exclusive B—D

05} Exclusive B—D)

10° |Vep|
HQSR,HQE for

exclusives Mannel, Uraltsev, PG



NEW PHYSICS?

The difterence with FNAL/MILC 1s quite large: 30 or about 8%.

r

I'he perturbative corrections to inclusive Vg, total 5%, the power
corrections about 4%.

Right Handed currents disfavored since

~

Vcb

1 Chen.Nam.Crivellin,B G ler,Isidori,Pokorski
<7 2 en,Nam,Crivellin,Buras,Gemmler,Isidori,Pokorska...
’Vcb|incl — H/cb‘ (1 R §|5‘ )

Veo|BoD =~ |Vep| (1 i 5)

Most general SU(2) mnvariant dim 6 NP (without RH neutrino) can
explain results, but it is incompatible with Z—bb data

Crivellin, Pokorski 1407.1320

see also Mannel, Turczyk et al



THE TOTAL B—X, /v WIDTH

> 3G

_ ~ G@ Ol 0%
FBHdez]%ﬁzﬁb+?ﬁmﬂqﬂ%mwh% T

— + 8In

4+ (767 M%VA PD 4+

Using the results ot the fit, Vup
could be extracted if we had the

total width...
Weak Annihilation, severely
constrained from D decays,
see Kamenik, PG, arXiv:1004.0114




THE PROBLEMS WITH CUTS

Experiments often use kinematic cuts to avoid the ~100x larger b—clv
ackground:

my < Mp E, > (Mp*-Mp?)/2Mg q-> (Mp-Mp)* ...

L he cuts destroy convergence of the OPE that
works so well in b—>c. OPE expected to

work only away from pert singularities - ... \“

0.6 | including fermi motion (model) ""'
Rate becomes sensitive to local - Kinematic limit of b—sc :
b-quark wave function properties TdE; g4/ !
like Fermi motion. Dominant non- (GeV') ::
pert contributions can be resummed 02 f i
into a SHAPE FUNCTION f{k+). i
Equivalently the SF 1s seen to emerge from 05 | 1 5 5 o
soft gluon resummation E;(GeV) Ll



HoOW TO ACCESS THE SF?

d°T - GLVi|?
dpidp_dE, 19273

/dkC(Eeamep—’ k) F () SR (A>

mp
Subleading SFs

Prediction based on OPE constraints +

resummed pQCD parameterization
without/with resummation

DGE, ADFR GGOU, BLNP

Fit radiative data (and b—ulv)
SIMBA




FUNCTIONAL FORMS
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About 100 forms considered in

GGOU, large variety, double max

discarded. Small uncertainty
(1-2%) on V

2



A GLOBAL COMPARISON 0907.5386, Phys Rept

50

Vb |10°

analysis
% common inputs (except ADFR)

* Opverall good agreement SPREAD WITHIN
THEORY ERRORS

* NNLO BLNP still missing: will push it up a bit

* Systematic offset of central values:
normalization? to be investigated

V|10

Vi [10°

only theory errors
(without common parametric)

analysis



Viw IN THE GGOU APPROACH

PG,Giordano,Ossola,Uraltsev

Good consistency & small th error.

5% total error

strong dependence on my,

Recent experimental results _—"
are theoretically cleanest (2%)  ——
but based on background
modelling. Signal simulation also
relies on theoretical models

et 0. 23 + 0.30 - 0.32

CLEO (E) ,
393+ 046+022-029 = f
BELLE sim. ann. (mX, q?)
437 +0.46+023-026 4
BELLE (E)
475044 +0.17-0.22 - o
BABAR (E)

429 024 +0.18 -0.24
BELLE multivariate (p*)

454 +027+0.10-0.11
BABAR (m_ <1.55)

408 +0.19+0.20-0.21
BABAR (m,<1.7)
394 +0.22 16 -0.17
(m <17, q>8)
4.17+022+0.22-0.25
BABAR (P*<0.66)

R (m_, g 1it, pT>10oTY™ —
435+024 +0.
BABAR (p*>1.3GeV

+0.27+0.10-0.11
Average +/- exp + theory - theor
439+0.15+0.12-0.14
of =11.2/10 (CL = 34.00 %
JHEP 0710:058, '

1

| I‘End 0(2011\

)
ola, N. Uraltsev
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Ileklﬂﬁ
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V.| DETERMINATIONS

Inclusive: 4-3% total error Exclusive: 10-15% total error
HFAG 2012 | Average |V |x10°
DGE 4.45(15)ex™ 116 Vao| = (3.25 O'Slgejrii?;bg/MILC
BLNP 4.40(15)ex™ 1901 V| = (3.501“3;%‘% +0.11 exp.) x 1073
GGOU | 4.39(15)xt1%14 LCSR, Khodjamirian et al, see also Bharucha

NB B—nlv data poorly consistent!

2.7-30 frpm B—nlv (MILC-FNAL)
20 from B—mnlv (LCSR, Siegen)
2.5-30 from UTFit 2014

U'l" fit (without direct Vup):
Vuw=3.62(12) 103

T'he discrepancy here 1s around 25%o !!



NEW FNAL/MILC RESULTS

1411.6033

q° (GeV?)
25 20 15 10 5
1 [ [ [ [ [
% exp. data 3-param fit 1
Lattice z parameterization : : : : _ .
08 L 3 BaBar untagged 6 bins (2011) —=— | o — This analysis

Belle untagged 13 bins (2011) —<—
A BaBar untagged 12 bins (2012) +—&— § § : : :
N : | : : —
L ool Belle tagged B® 13 bins (2013) © = _ 3. | | | Exp.+Fermilab/MILC2008
& e Belle tagged B™ 7 bins (2013) "~ ! ! :
g = A —  exp. + lat. combined fit —— o [ : - EXP.+LCSR
ST SO S E==_c2 7 | | |

}—.—{ | Inclusive(BLNP)
02 :

3.2 3.6 4 4.4 4.8
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 |Vub| (X1 03)

- Vil = (3.72£0.14)

__

— — -

Only 4% error! combined exp+lat fit has p-value=0.02,
large shift wrt previous FNAL, 2.40 from inclusive



SUMMARY

Improvements of OPL approach to semileptonic decays continue.
All effects O(asA?/my?) implemented. No sign of inconsistency
in this approach so far, competitive m; determination.
Calculation of O(asA3/my?) effects ongoing, work on higher power
corrections.

Exclusive/1incl. tension in V;; remains large and mysterious (30,
8%o). It cannot be explained by right-handed current and in general
by SU(2)-invariant new physics.

Exclusive/incl tension in Vi shightly receding because of new

FNAL/MILC result. New physics explanations less constrained than
for 1V

Belle-1I will improve precision and allow for checks of consistency of
various methods. Dedicated workshop at MITP on April 20-24.



BACK-UP SLIDES



(SEMI)LEPTONIC DECAYS TO T

 fBVup can also be extracted in the SM from B—7Tv, a rare decay
mode measured at the B factories, which presently tends to

prefer a high Vi

* In the case of tau leptons charged scalars (eg from an extended
Higgs sector) can contribute at tree-level. These decays are
therefore sensitive probes of this New Physics.

* Recently BaBar measured ‘R B(F — D(*)T_Er)

: (%)) —
finding 2-30 excess over the R (D ) = WD ) ——
SM in both D and D*. B(B = D™i™m)
Hard to find a NP model that can explain this result



SF FROM PERTURBATION
THEORY

Resummed perturbation theory Is qualitatively different: Support
properties; stability! (£. Gardi)

b quark SF emerges from

resummed pQCD but needs an .

IR prescription and power < D i
corrections for b -B o | TEedTonger results
I——?
o
h-:‘-‘
.

-~ —— DGE NLO )

NNLO
--=-— NNLO + «,’8,"
------ NNLO + a.%8,°+ a *f,°

Dressed Gluon Exponentiation (DGE)
by Gardi et al employs renormalon

resummation to define Fermi motion.
Power corrections can be partly L
accomodated.

Aglietti et al (ADFR) use Analytic 0 ==
Coupling in the IR, a model | R




THE SF IN THE OPE

Local OPE has also threshold singularities and SE can be equivalently introduced

resumming dominant singularities Bigi et al, Neubert

Fermi motion can be parameterized within the OPL like PDFs in DIS. At leading

order in my only a single unwersal function of one parameter enters (SEF).

Unlike resummed pQCD, the OPE does not predict the SF, only its furst few

moments. One then needs an ansatz for its functional form.

/ dk, K Fi(k,, q°) = local OPE prediction <= moments fits

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

Several new subleading SFs appear at O(A/my)



:
0 (CVS / T, ) EFFECTS Aﬁ?ﬁfEﬁ?mﬁ,Nandi,PG 2012

Alberti,Nandi,PG 2013

(27)
2mB

Hadronic tensor WP = 254 po — ¢ — px )(B|J}*| Xe) (X| I | B)

C

mpW P = —W1g*" + Wov*P + iW3€aﬁpJUp@o + WaG®q” + Ws(v*q” + v74")

W(l)—l— ILL7T W(W 1)_|_ ILLG W(G 1)

u - u C'rog
M/ VV(O) | T IIr( ,0) G VV(G 0) et da [
me me

me me T

Wi can be computed using reparameterization invariance which relates
different orders in the HQET: e.g for (=3 at all orders

(rm) _ 5 dW§"> §2 — G2 2w

~ E e — Manohar 2010
dqo 3 dqs

Proliferation of power divergences, up to 1./u’,

G,1)

and complex kinematics (¢°,q0, mems) Wi> requires proper matching.



PERTURBATIVE EFFECTS

* O(as) implemented by all groups  pe Fazio,Neubert

e Running coupling O(a*Po) (PG,Gardiridoliy iIn GGOU, DGE lead to -5% & +2%,
resp. 1n | Vb |

o Complete O(OCSQ> in the SF region Asatrian,Greub,Pecjak-Bonciani,Ferroglia-Beneke,Huber, Li - G. Bell 2008

e In BLNP leads to up 8% increase in 1/, related to resummation, not yet included by
HFAG. It is an artefact of this approach.

o P. <0.66 GeV: Greub,Neubert,Pecjak arXiv:0909.1609
e P, <0.66 GeV:
0)
' Hh Hi Fixed-Order | T 1L
NLO | 60.37 | 352 | +3.81 NLO 49.11 | +543
NNLO | 52.92 | #1.46 [ +9.09 NNLO 49.53 | 983

NEW: full phase space O(a?) calculation

Brucherseifer,Caola,Melnikov, arXiv:1302.0444

Confirms non-BLM/BLM approx 20% over relevant phase space



Le-SCALE DEPENDENCE
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Relative NLLO correction to the coetficients of UG in the width (blue), first
(red) and second central (yellow) leptonic moments as a function of the
renormalization scale. Smaller corrections for smaller scale.



