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IMPORTANCE OF |V
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Since several years, exclusive decays prefer
smaller |Vyup| and | Ve



INCLUSIVE DECAYS: BASICS

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

‘The Wilson coethicients are perturbative, matrix elements of local ops
parameterize non-pert physics: double series in as, Almy

Lowest order: decay of a free §, linear A/m; absent. Depends on my,, 2
parameters at O(1/my?), 2 more at O(1/my?)...
;
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OBSERVABLES IN THE OPE
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NEW

OPE valid for inclusive enough measurements, away from
perturbative singularities " semileptonic width, moments

Current fits includes 6 non-pert parameters
mp,c ,Uzn, G p3D,LS

and all known corrections up to O(4%/my’)




EXTRACTION OF THE OPE PARAMETERS

Ei spectrum
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Global shape parameters (first moments of the distributions) tell
us about my, m. and the B structure, total rate about |V |
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OPLE parameters describe unwversal properties of the B meson and of
the quarks — useful in many applications (rare decays, Vis,...)



LET’S FOCUS ON:

I. Status of higher order corrections
9. Estmate of residual theoretical errors

3. How the fit 1s actually done
(assumptions, additional inputs,...)

4. Electroweak corrections



HIGHER ORDER EFFECTS

» Reliability of the method depends on our ability to control
higher order eftects. Quark-hadron duality violation would
manifest as inconsistency in the fit.

* Purely perturbative corrections complete at
N N LO, Smaﬂ r€Sidual CIrror (kln SChem€>Melnikov,Biswas,Czarnecki,Pak,PG

* Higher power corrections O(1/my*3) known
Mannel, Turczyk, Uraltsev 2010 See Sascha’s talk

 Mixed corrections perturbative corrections to power

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



NNLO PERTURBATIVE
CORRECTIONS

* Complete 2loop corrections to

° ° O_C
width and moments with cuts now
known, either in expansion m.m;

or numerically Biswas-Melnikov, Pak-Czarnecki
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* Non-BLM effects ~15-30% of BLM ones when as(my,) is used, residual th error
on V¢, O(0.5%).

* Strong cancellations between different contributions make NNLO to lept
moments small: non-accidental, numerical accuracy crucial PG 2011

2
<El>El>1GeV = 1.54 GeV [1 ER (0-96den — 093> % e (0°48den 5 046) 50 (%)
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L 1597 = L) (%)2 +O(1/m2, of;)]

lo— (B — (Ep)° = (2.479 — 2.393) GeV* = 0.087.GeV".



Lepton energy spectrum
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Suppression of hard gluon radiation makes 0

spectrum similar at any pert order.

Correction N; vanishes close to endpoint
and for same spectrum
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NNLO results

PG, JHEP 9(201 1)055

2 % 03 R
=70
tree 1.5674  0.0864  -0.0027 0.8148 - — NS
I/m} | 15426 00848  -0.0010  0.8003 % = 1GeV, 72% (3GeV)
O(c) | 1.5398  0.0835  -0.0010 0.8009 2 3 R
O(Boa?) |1.5343  0.0818  -0.0009 0.7992 tree 0.0940 -0.0043 0.8296
O(a?) | 1.5357(2) 0.0821(6) -0.0011(16) 0.7992(1) 1/m} 0.0922 -0.0020 0.8159
Tr—tGel. O(a,) 0.0894  -0.0004 0.8118
O(as) {.54? 0.0858 -0.0003 8029 O(Bya?) 0.0904 0.0004 0.8125
Oéfog)§>< 1-21122(2) 8-822@(6) 8-8882(16 0-88§g<1) O(a?) 0.0890(9) -0.0008(25) 0.8090(2)
Qg . . . 2\ * _
Oy ~L206( s oot - O(a?) 0.0889 0.0006
tot error [6] | 0.0113 0.0051 0.0022
Ecue=1GeY, md/mp=0.25
(= 1= 1GeV
Small : C llati hy ha hs Iy s hs
mall corrections. Lancellations LO 1345  0.198  -0.02 |4.345  0.198  -0.02
may be partially spoiled by choice 1/m} | 4452 0515 490 | 4452 0515  4.90
of scheme O(av) 4.563 0.814 5.96 4.426 0.723 4.50
O(Bye?) | 4.701 1.105  6.85 | 4.404  0.894  4.08
O(a?) 4.682(1) 1.066(3) 6.69(4) | 4.411(1) 0.832(4) 4.08(4)
tot error [6] 0.149 0.501 1.20
Paolo Gambino Warsaw 10/10/201 | 10



2 Boos,]?lecher,Lug(g}hi 2007
Olas/mp) EFFECTS | Gl i

Alberti,Nandi,PG 2013
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Hadronic tensor e~ 254 po — ¢ — px )(B|J1¥| X} (Xc| I7| B)
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mpW P = —W1 g% 4+ Wav*v? + iW3e*PP0,4, + WaG®¢® + Ws(v*GP + vP¢P)

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) Bsdin s [
me me

2mb me T

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

(n) 2 2~ g2177(n)
Wéﬂ = §cj o BN Bl CF G Manohar 2010
37 dqgo 3 dgs

Proliferation of power divergences, up to 7/u’,

)

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



MATCHING AT O(0s)

possible gluon
" Insertions

2 [ dies T[T (x) T2 0)] =Y 7% (v, q) O} (0)

- {a}

Taylor expansion around on-shell b quark matched onto HQE'T local operators.

Analytic formulae. RPI relations reproduced. Unlike /13,, ,ué gets renormalized,
therefore Wilson coetficients are scale-dependent.



NUMERICAL RESULTS

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

: 2 | 2/
Cpx.tr = Lo [(1 —1.78 a—) (1 - _2“"'-2> - (1.94 +2.42 Qs) 'U'G(T;Ib)]

- 2
(Eg) = 1.41GeV [(1 —0.02 %) (1 n #IZ) B (1.19 +490 as) #G(?b)]
m 2mg T m?

—7
/(9 my

' ' 2 ,, 2 (1
£, = 0.183 GeV? [1 —0.16 = + (4.98-0.37=) L5 — (2.80 + 8.44 ) “G(’"b)‘

m m my

Similar results 1n the kinetic scheme. NLO corrections generally O(15-20%)
of tree level coetficients, 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 u& correction to the width in
the limit m.=0 and find compatible result. Analytic checks under way.



Le~SCALE DEPENDENCE
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Relative NLLO correction to the coefficients 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.



New Contributions (’)(ozs/mi :

In the kinetic
scheme p=1GeV

Kristopher J. Healey ICHEP2014



THEORETICAL ERRORS
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Theoretical errors are generally the dominant ones in the fits.
We estimate them 1n a conservative way, mimicking higher orders by
varying the parameters by fixed amounts: m., 8MeV, as(mp) 0.018, 7% 1n

| /m? parameters, 30% in 1/m?° parameters
New corrections have been within theor. uncertainties so far.
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THEORETICAL CORRELATIONS
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Correlations between theory errors of
moments with different cuts difficult to
estimate
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4.55

4.50 4

1. 100% correlations (unrealistic but used previously)
2. cortr. computed from low-order expressions

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

always assume different central moments uncorrelated
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1.2

Schwanda, PG 2013




THEORETICAL CORRELATIONS
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THEREFORE: 1) USE A CONSTRAINT ON CHARM MASS
2) REDUCE THEORY ERRORS




LATEST 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
includes all O(a°) and O(a,/m;°) corrections
reassessment of theoretical errors, realistic correlations

external constraints: precise heavy quark mass
determinations, plus mild constraints on ¢ from hyperfine
splitting and 0”15 from sum rules

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



CHARM MASS DETERMINATIONS

4 .80
1 | || ! || 1 1 1 I
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McNeile et al'10
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Chetyrkin et al.'09 =
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Boughezal et al'06 =
- _ 4.60

Hoang et al ‘13
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4.55

m.(m,)

sum rules studies of o(e*e- — hadrons) 450

our default almost all at NNNLO =t i T 3
choice ' ‘ . '
mcMS(3GeV)

Remarkable improvement in recent years.
m. can be used as precise input to fix my instead of radiative moments




FIT RESULTS

mlgm me(3 GeV) = PD UE prs BRew 10“ .
1411.6560 4.553  0.987  0.465 0.170 0.332 -0.150 10.65 £42.21
0.020 0.013  0.068 0.038 0.062 0.096 0.16 &
Schwand my™  mPOeV)uZ D 1 prts  BRew (%)
chwandad 1541 0987 0414 0.154 0340 -0.147 10.65
PG 2013 0.023 0.013 0.078 0.045 0.066 0.098 0.16

WITHOUT MASS

CONSTRAINTS
045F
results depend little on 0.40
assumption for correlations 035
and choice of inputs, 1.8% ¢
determination of Ve %zzz
20-30% determination of a

the OPE parameters
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RESULTS: BOTTOM MASS
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HPQCD (2014)
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The fit gives mp*™(1GeV)=4.553(20)GeV
scheme translation error m*(1GeV)=mp(mp)+0.37(3)GeV
mp(myp)=4.183(37)GeV
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1.04,
1.03
1.02
1.01

1.00!

Dependence of fit results on

FURTHER CHECKS

strong coupling scale

42.5

41.8

0.6 0.7 0.8 0.9 1.0 1.1 1.2

Dependence on kinetic cutofts of
bottom and charm masses



ELECTROWEAK CORRECTIONS

 Short-distance log (Sirlin 1982) included, ~0.7%

* Short-distance remainder (finite contribution to Wilson
coefhicient of 4f operator) tiny it G, 1s used to normalise decay

* QED soft and collinear radiation (and possibly some other
stuff...) subtracted by experiments using PHOTOS

» QED hard radiation missing, calculation almost finished

 for By OHIYI static Goulomb 1nteraction 1+ma (Atwood, Marciano,
Ginsberg) for mixture 37%o By this brings a 0.5% suppression of
Vb Should be included, but does i1t cancel in the moments?



probability density

Ve VISUAL SUMMARY

EXCLUSIVE B—D
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Latest lattice results for
exclusives (FNAL/MILC)
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HQSR,HQE for exclusives

Mannel, Uraltsev, PG




NEW PHYSICS?

I'he difference with FNAL/MILC 1s quite large: 3o or about 8%o.

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

7

Right Handed currents distavored since

Chen,Nam,Crivellin,Buras,Gemmler,Isidori,Pokorski...

~

1
Voo inet = [Veol (1 + 51017
Veb

Ves 50+ == [Veo| (1 5 6) 6= enyf ~ 0.08

Ves -0 = Ve (1 + )

Most general SU(2) mvariant dim 6 NP (without RH n_eutrino) can
explain results, but 1t 1s iIncompatible with Z—bb data

Crivellin, Pokorski 1407.1320
see also Mannel, Turczyk et al



SUMMARY

Improvements of OPL approach to semileptonic decays continue. All

effects O(ay’ asA?/mp?) implemented. No sign of inconsistency in
this approach so far, 1.8% determination of V., competitive
mp determination.

Calculation of O(asA3/my?) effects, work on higher power
corrections (see Sascha’s talk) ongoing. QED corrections need to be
reconsidered.

Exclusive/inclusive tension in Ve, remains large (30, 8%). It cannot
be explained by right-handed current and in general by SU(2)-

Invariant new physics.

Belle-1I will improve on exp precision. We need new ways to check
and 1mprove 1nclusive approach (new observables, lattice
measurements of matrix elements or current correlators,...)



BACK-UP SLIDES



A STRIP IN THE myp-m, PLANE

Constraints from first 3
leptonic central moments |
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Semaleptonic moments a’o not measure my well. T hey rather identify a strip in (mymy)

plane along which the y

2 profile is shallow.



Relevant Observables

Leptonic Moments

Emax n dr
_ Jec EedE;9Ee

< Eé,) E[ > ECUt _ Emax dr
Jecye e dEy

E dr
Jeqe dE; 9Ee

R* (Ecut) —

E dr

(E}), (EF), (E}) Highly Correlated
Central Leptonic Moments
l1(Ecur) = (Ee)E,>Ecne

€2,3(Ecur) = ((Ee — (E2))**)Ey>Ean

Hadronic Moments
E 2 dr 2
fEC’Un:x (Mx)n de de

M2 n —
(( X) >E£>Ecut fénu,:x ﬁzdw

h1(Ecut) = (MR )Ey> Eae
h2,3(Ecut) = (Mx — (M%))**)E,>Ecwe

Kristopher J ey Porowoz2015 0/ 1




Experimental Observables

® Observables as Fx(Ecu, mg/mﬁ)

o Express mp, ptr G, pp.Ls in the
"kinetic scheme” with a
cutoff pyin = 1GeV

@ Additionally employ both kinetic
and MS definitions for m.

0 as(mp=4.6GeV) =0.22
as +=0.005 = dmp < 1MeV

® Additional Constraints:

Hyperfine Splitting
2
(83
Mg- — Mg = 2%¢ L O (Z£e 1
3 * my

pz = (0.35 4 0.07) GeV?

Heavy Quark Sum Rules
pis = (—0.15 + 0.10) GeV?

Experiment | Values of Ecy:(GeV)
R* BaBar 0.6,1.2, 15
{1 BaBar 06,08, 1,12, 15
Uy BaBar 0.6,1,15
{3 BaBar 0.8, 1.2
h BaBar 09,611,113, 15
h? BaBar 08,1,1.2, 14
h; BaBar 0.9, 1.3
R* Belle 0.6, 1.4
lq Belle 1, 1.4
ly Belle 0.6, 1.4
) Belle 0.8, 1.2
hy Belle 0.7,1.1,13,15
ho Belle 0.7,009, 1.3
hi2 CDF 0.7
h1 2 CLEO 1, 1.5
€123 DELPHI 0
hi123 DELPHI 0




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))
2M3m2 _ g2<EZ> 2Mpmg = 92<§ ' (B X é»
oMams = g2(B?) 2Mpm; = g((S - p)(P - B))

can be estimated by Lowest Lying State ik
Saturation alz})]prox by trugcatiging <B‘0102 ‘B> ol Z<B’Ol ‘n> <n’02 ’B>
mn

In LLSA good convergence of 0Vep
the HQE. First fit with 1/m*>: |74

~ —0.35%  Turczyk,PG preliminary

Heinonen,Mannel 1407.4384 have more systematic approach

LLSA might set the scale of effect, not yet clear fhow 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.



