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IMPORTANCE OF |V

: = e
Veb plays an important role s Y / \
in the determination of UT - 7\

g e ZIZ“VC[)‘4 SR

and 1n the prediction of

FCNC:
o< [VipVis|? = |V 2|1+ O(32)]

where it often dominates the
theoretical uncertainty.
Vis/ Ve constrains directly

the U'T

Since several years, exclusive decays prefer smaller |Vyup| and |Vep)
which cannot be SU(2)xU(1) invariant new physics Crivellin, Pokorski 14071320
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RECENT LATTICE B—m7 RESULTS

RBC/UKQCD 1501.05373 FNAL/MILC 1503.07839

14 HEH ggﬁ 23{3 gﬁggg:g;— 20 k- | | | Lattice INz=4 fit l _
= 12 [ i BEI..LEZBBB°(t gged) | BaBar untagged 6 bins (2011) H8—
z | -\ BELLE 2013 B (tagged) | —().0p Belleuntagoed 13bins (2011) =
S 10 L] _+o4 BELLE 2010 (untagged) _ L 15 P=U. %aeTr;nta:dogg :g:ns g:g :": -

Thi Ik z e 1agg ns 1
S g e [F }ﬁ: S ;? Belle tagged B 7 bins (2013)
X P 1 _ } - Lat.+all expt. combined N,=4 fit [N
é. i )# 3 B { Nx 10 | B )
= G.Ef Nl mpeetey | 2
T oap L T4 : N -
@q‘l i i
2 w2/dof =132, p=7% . —=
- | | P SR ST S NS S S PR | 0 : : : :
59 5 0 15 30 0 5 10 15 20 25
¢ [GeV] ¢
LI I LI I LI I LI I LI FNAL 3.72(16) 10-3
i FN AL BaBar + Belle, B — nlv Only 4_.30/0 error
Fermilab/MILC 2008 + HFAG 2014, B — ntlv 226 fl‘ m i 1 i
. B RBC/UKQCD 2015 + BaBar + Belle, B — nlv ) O NClusive
—— Imsong et al. 2014 + BaBarl2 + Bellel3, B — nlv RBC/UKQ CD 3.61(32) 10-3
; o HPQCD 2006 + HFAG 2014, B — ntlv 1 .90- from iﬂChlSiVC
—A— Detmold et al. 2015 + LHCb 2015, A, — piv 3
—e—1 |BLNP 2004 + HFAG 2014, B — X Iv LCSR 3°32(26) 10
L@ UTFit 2014, CKM unitarity 2.90 from 1nclu81ve
- '3!2' | I3I.6| ' '4.10' | '4!4' - LHCb depends
3
V)10 on V¢, employed but low
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RECENT LATTICE RESULTS

1503.07839
0.9 T T T T T I I I I I
RBC/UKQCD 2015 —n 0rr RBCIUKACD 2018~
08 |  Fermilab/MILC 2008 —e— | imsong etal (LCSR) 2014
HPQCD 2006 —— 0.6 [ This work .
. ’\/FX; _
N; 0.7 + = < 05 "N X/’ B~ -
L I . . 0.4 - RO X |
o - - N X
< 05 H % Jf ﬂ% % B Z 03 \|
N 0.2 E
o it |
0.1 A |
0.3 ' L ' L I l I L I 1
18 20 22 24 26 0.2 -0.1 0 0.1 0.2
q” (GeV?) :
Table XVI. Results of the combined lattice+experiment fits with N, = 4;.
Fit x?/dof dof pvalue bf b by b |Vas|(x103)
Lattice+exp.(all) 1.4 519(13 5) —0.43(14) 0.22(31) 3.72(16)

Lattice+BaBarll |7] 1.1 9 0.38 0.414(14

88(73) —0.24(22) 1.33 44)

95(5 ) 0.22(
(73) ) 1.33(
51(72) —0.45(18) 0.27(41) 3.97(22)
( ) 0.38(
23( ) 0.92(

Lattice+Bellell [9] 0.9 16  0.55 0.412(13

) —0.4
) —0.4
Lattice+ BaBar12 [8] 1.1 15  0.34 0.415(14) —0.5
) —0.574(65) —0.40(16) 0.38(36) 4.03(21)
) —0.6

Lattice+Belle13 [10] 1.0 23 0.42 0.406(14 73) —0.13(22) 0.92(45) 3.81(25)

Prospects: further improvements in LQCD, much more data @ Bellell, Bs—Klv and other

channels @Belle-1I and LHCb
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INCLUSIVE SEMILEPTONIC B DECAYS

OPE allows us to write 1inclusive observables as double series in A/ mb and o

=

Mz’ :Mz’(O) T %Mz(l) L (a3> M(Q) it (]\4(7T ,0) )it M(W 1))
mb

s s (s

Tir mb mb mb

u, (1) = i 1\143 <B‘5‘(i5)219JB>M e () = ;4 < bz%Gw lzl B>M

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

Current fits includes 6 non-pert parameters

2 3
Mbe  Mr G PD.LS

and all known corrections up to O(4°/my’)
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EXTRACTION OF THE OPE PARAMETERS

Ei1 spectrum hadronic mass spectrum

81000__'"|"'|"'|"'l"'l"'l"'l"'l"'"'__
E - Belle +++ 'y : “ %888 ’ BABAR
~ 800 ¢ 4 S § 1800 R ¢ preliminary
S | ++ _ 3 1600
D . 1400
600 + ¢ S 1200
b4 t = 1000
£ 400 s 5 800
w [ ’ 5 600
ot 5 400
—OO j B 200 I TGS TLIIL L 500 o
: . : O i — : A 2 STl A AT Yl y
U T T T T T TP R My [GCV/CZ]
040608 1 12141618 2 2224

E2 (GeV/c)

Global shape parameters ( first moments of the distributions) tell
us about mp, mcand the B structure, total rate about |V

OPE parameters describe universal properties of the B meson and of
the quarks — useful in many applications (rare decays, Vyp,...)
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FIT RESULTS

cb |

my'" Mc(3GeV) px  pp  pé&  prs BRew 10°]Ve
4553 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 %

WITHOUT MASS
CONSTRAINTS

results depend little on
assumption for correlations
and choice of nputs, 1.8%
determination of Ve

20-30% determination of
the OPL parameters

leptf)ni(;/

/
/
y.

‘hadronic
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Albertiét, 1411.6560

0.20]

my ™ (1GeV) — 0.85m.(3GeV) = 3.714 4+ 0.018 GeV

all cuts

ng high cuts

025 030 035 040 045 050 055
12(GeV?)



CUTS IN B—X,lv

Experiments often use kinematic cuts to avoid the b—clv background:

= MV E > (Mg>-Mp2)/2M;

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

work only away from pert singularities

Rate becomes sensitive to local
b-quark wave function properties

| dT

like Fermi motion. Dominant non- TdE, o4 !
. o =]

pert contributions can be resummed (GeV™)

into a SHAPE FUNCTION f(k+).

Equivalently the SF is seen to emerge from
soft gluon resummation

08

0.6

q>> (Mp-Mp)>...

--- parton model

including fermi motion (model)

kinematic limit of b—c¢

-
'd‘

-

0.5
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HOW TO ACCESS THE SF?

BT GL|Vi)
dp.dp_dE,  192m3
£ Subleading SFs

E 2 A®
OPE constraints / kQF(k’) dk = fals + O(—) etc.
e.g. at g*=o 3

/dkC(EeprmP—’ k) FAEFT (A>

my

— OO

Predictions based on OPE constraints +

resummed pQCD parameterization
without/with resummation

DGE, ADFR GGOU, BLNP

OPE constraints + fit semileptonic
(and radiative) data

SIMBA, NNVub
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SHAPE FUNCTIONS IN GGOU

2

mbMB

i k iF
Wi(qo,q°) ~ /dk+ e (e g R [qO — (1 ~ ) ,q2,u]

3 SFs, one for each form factor

SF depend on g2 through 0.0
moments Jos
“ 0.2 Fl(knaz)
[F; k2 dk, P
J 0.0
0.3
0.2
0.1
S N N Each SF parameterized by simple
S 2-parameter functional forms
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FUNCTIONAL FORMS

F1(k: 0.1GeV)

-1 =075 -05 -025 025 0.5

About 100 forms considered in
GGOU, large variety, double max
discarded. Small uncertainty
(1-2%) on V,

Only 2 parameters FF,
is that good enough?

:I LI J_\l LI I N L I I |:
2 - //' VARN —_— gy =y =0 —

- R\ cs=40.15,c4=0 ]

'_'l—| : l \ —— - C:;:O,C4=:t0.15 :
I> 1°5 __ A/ : - c;;::tO.l,c4=:t0.1__
QL — -

O - ’
—~ 1 _
= t .
(& N ]
005 — -

- SISSa.

0 I Y T Y T T T T T T Y i ot o e i =

0 02 04 0.6 08 1
k [GeV]

1.2 1.4 1.6

A more systematic method

by Liget1 et al. arXiv:0807.1926
Plot shows 9 Sk's that satisty all
the first three moments

see SIMBA talk in this session
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V.| DETERMINATIONS

Inclusive: 5% total error

HFAG 2014

Average IV

DGE 4.52(16)(16)

BLNP 4.45(16)(22)

GGOU

4.51(16)(15)

U'l" fit (without direct V)
Vub:3.66<1 2) 1073

Recent experimental results
are theoretically cleanest (2%)
but based on background and
signal simulation...

CLEO (E)
421+049+023-0.33 =
BELLE sim. ann. (mX, q?)
450047 +0.28-031 *
BELLE (E)
493+046+0.17-022 - &
BABAR (E)

450 +0.26+0.18-0.25
BELLE multivariate (p*)
460 +027+0.10-0.11
BABAR (m,<1.55)
429+020+021-022
BABAR (m, <1.7)

409 +023+0.18-0.19
BABAR (m,<1.7,q*>8)
432+023+0.27-0.30
BABAR (P*<0.66)
424 +0.26 +£0.32

GGOU

o
EP 0710:058 2007 (GGOU) m
| | | | i L_PDG14
-3
IV 1 [x 107
ub
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NEW Babar endpoint analysis

1611.05624

High sensitivity of the BR on the shape of the signal
in the endpoint region. Single most precise measurement to date

RO [Vas| = (3.96 £ 0.10.,, & 0.17:5) X 1S

5S¢

(109)

4.8 .
o — 1
S 4.6 — I -

m}

(b)

v 1

Total Branching(107%
NN NN
N N B OO O W

lllllllllllllllllllllllllllllllllllllll

4.2 . _ 1]
18 H 4+ | {
1.6 { ; 38 » {
1.4 3.6 |
1.2 -
1 I 1 I 3.4 t \ I
DN DGE BLNP GGOU DN DGE BLNP GGOU

What happens if same is done in other BaBar analyses?
NB Belle multivariate analysis uses GGOU+DN for the inclusive part



MAIN ISSUES IN /V,, INCLUSIVE

 Limited knowledge of leading and subleading SFs

- Nonperturbative effects in high g tail, including
Weak Annihilation (strongly constrained by charm

semileptonic decays, < 1% in Vyp) Kamenik, PG
Ligeti,Luke, Manohar

i . Bigi et al
» Potential role of NNLO corrections

Brucherseifer, Caola, Melnikov
Greub, Neubert, Pecjak
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The NNVub Project

K.Healey, CG. Mondino, PG, 1604.07598

Input Hidden Hidden Output

layer layer 1 layer 2 layer

— Fi(kt,q°)

Use Artificial Neural Networks to parameterize shape functions without bias
and extract Vyp from theoretical constraints and data, together with HQFE
parameters in a model independent way (without assumptions on functional

form). Similar to NNPDF. Applies to b—ulo, b—sy, b—>sl+I(-

Belle-II will be able to measure some kinematic distributions, thus constraining
directly the shape functions. NNVub will provide a flexible tool to analyse data.
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ARTIFICIAL NEURAL NETWORKS

X1~ bzas
Wil - 9
2
TSW2
. . @ >’
Wn " —
Xn/

NN provide unbiased parameterization of a continuous function: in the limit
of infinite nodes they are universal approximators, highly non-linear functions

- Neuron activates if weighted input is positive, sigmoid gives smooth activation

- Weights are trained to reproduce desired response: random weights undergo
random modifications, retaining only those that improve response (e.g. better

x*): genetic algorithm — replicas

- Used in pattern recognition, computationally intensive, data-driven
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Our Training Process

Q

Q

Three Neural Networks : F; 53(ky, g?) (2 in/ 1 out)
Goodness Of Fit (y?/dof ) from moments:

I'(n),pow }

2mp\"
/dk+ k_?_ Fi(k+:q2) ~ <Tb) (S"O | I(O),tree

Generated over a sampling of g € [0, 13GeV2]

X2 = Y (desired — actual);[C~1];(desired — actual);
Stopping Criteria of x?2/(dof) =1

Genetic Algorithm :
Randomly (MC) choose weights and vary them to create new
children. Vary many times, choosing "best child”, it becomes

parent, repeat. K.Healey



Selection of NN replicas trained
on the first three moments only.
They are not sufficient. But we
know photon spectrum in
bsgamma: single peak dominance,
not too steep

Beware: sampling can be biased
by implementation, e.g. random
initialization, or selection based
on training speed

)

=

E(k,,q* = 0GeV®)

3.0

251

2.0}

L5}

L0t

0.5

0.0
-20
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10’°|V,,| Comparison with 2007 Paper

Comparison with
2007 paper, same

Inputs

3.75

303 4.00

4.12

4.25

NNVub GGOU(HFAG 2014)

4.50 457

4.75

Experimental cuts (in GeV or GeV?)| |Vys| x 10° |Vub| x 10°[15]
Mx < 1.55,Ep > 1.0 Babar [44] 4.30(20)(32)1..4.29(20) (33
Mx < 1.7, Eg > 1.0 Babar [44] <[4 00(23)( 4 09(23)(19)
Mx < 1.7,¢° > 8, E; > 1.0 Babar[44] |4.23(03) 59T 132193) (50)
E; > 2.0 Babar [41] 4.47(26)(32)] 4.50(26)(35
E¢ > 1.0 Belle [45] 4.58(27)(31%)| 4.60(27)(3}

Inputs for constraints from sl fit by Albert1 et al, 2014 with full uncertainties and correlations



PROSPECTS

Learning @ Belle-II from

kinematic distributions, e.g. Mx (x*) With My Spectrum Pruning Comparison
spectrum
T A PASS FAIL
OPE parameters checked/ a0l /R N
improved in b—ulv (moments):  &f =N\
global NN+OPE fit | / 7 NN
alternative approach SIMBA o
Bernlochner, Ligeti, Stewart, F&K Tackmann ol
My SPECTRA
include all relevant information ~ *| Reweight replicas based on agreement with
with correlations 301 spectra (assuming 4% uncertainty) reduces
: 20l SF uncertainty by up to 70%

check signal dependence at - I —

. ol
endpoint I

2 i Y () S
0 20 40 6l0 8'0 lE)O 12]0

full phase space implementation
of o> and os/mp? corrections

model/exclude high g>tail

At Belle-II we can expect to bring inclusive V;, at almost the same level as V.,
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103 Vub

50

4.5

4.0

3.5

30

VISUAL SUMMARY

inclusive

Vb inclusive
'GGOU (HFAG 2014)

f B—D
i global fit

B—rn /ﬁT (sm)
FNAL/MILC : i *

Ab_’p/Ab_'Ac
WECE e o et e s Asa TR

103 Vb

Paolo Gambino CKM 16

29-11-2016

reasonable
consistency
among
exclusive
channels

not all results
at the same
level



SUMMARY

Exclusive/incl tension in V5 seems receding because of new
lattice and endpoint Babar results. Significant progress will come
with Belle-II and further LHCb data in various channels (B—tv,
baryons, ...).

NNs have proven to be a useful and flexible tool to estimate SF
uncertainties in B—X,lv. New constraints can be included by
reweighting (instant) or retraining (slow).

NNVub framework permits implementation of Belle-II
experimental data and OPE constraints, reducing the SFs
uncertainty. Comparison with data will validate inclusive
approach to Vy, in a much more stringent way.
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BACK-UP SLIDES
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50

Rept

45

=
340 2
- =
32 “ADFR
2 4 6 8
analysis

¢ common inputs (except ADFR)

* Overall good agreement SPREAD WITHIN
THEORY ERRORS

» NNNLO BLNP still missing: will push it up a bit

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

Vi [10°
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A GLOBAL COMPARISON 0907.5386, Phys

only theory errors
(without common parametric)

analysis



RH CURRENTS DON’T HELP Vg EITHER

o
4+ Can ease |Vub| tension b S |
ase [ Vil r= B X, HFAG) Berplochner, Karb :
allowing small right- x 7 I n (HFAG)
handed contribution to L It (HFAG)
K- B A, (LHCD)
Standard-Model weak >=’ 6 B e combined
current [Crivellin, PRD81 — .
(2010) 0313011 | 5
+ RH currents disfavored | 4 - .

by A, decays (taking |Veb|
from B—=D’lv + HFAG to
obtain |Vub|)

contom's hold 68% CL
1 1 1 I 1 1 1

| I |
4 -0.2 0 0.2 04

[based on Bernlochner et al., PRD 90, 094003 (2014)]

R. van de Water

Also here SU(2)xU(1) invariant NP cannot explain discrepancies 1407.1320
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