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Why [V | and |V | ?
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|V,,| provide crucial

inputs for indirect search
of New Physics
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Difference with expectations
@ about 3o.
Study of semileptonic B

decays provide Form-Factors,

crucial for SM predictions on
R(D)-R(D*) and signal model
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Understand
the QCD

Inclusive decays B — X fv,B — X {v

* Need to know QCD corrections to parton level decay rate
« Operator Product Expansion in ag and Aqcp/my
predicts the total rate I,

Exclusive decays B — D/D*{v,B — n/pfv

» QCD effects are embedded in the form factors

o Lattice-QCD, LCSR dB(B — H_lv
[ ( " ) o |Vao|* * | fB=m, (67))°
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V| with inclusive B — X 2w

« HQE is the successful tool to include perturbative and non-perturbative QCD

corrections that allow to connect measurements of semileptonic B-meson decays
to |V |2

2 2
+ Moments of the lepton spectrum
2 + Moments of the X invariant

mass squared

results since 2010

+ higher Orders] { No new experimental }

/
Gambino. Schwanda HF[_A V Latest fit in Kinetic Scheme:

PhysRevD 89,014022 (2014)

—3
Include charm- K f -rul I — T -
Frosoaramaoomy oot [Vep| = (42.19+0.78) - 10
Alberti, Gambino, Healey, Nandi S{U8 = M) = Mi== 015
PhysRevLett 114,061802 (2015) mF™® = 4544 4 0.018 GeV

i 2 2/m. 2
- Includes corrections of O(a; Aqcp</Mm,© )

2 = 0.464 £ 0.076 GeV*
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IV, | with exclusive B — D%ty

« B— Dfvand B — D*fv provide clean way to extract |V,

2 2 _ 2
_Mp +mp —4q
2mpmp

dr(B DY) v (w? = 1) F¥(w) B D"
dw TewYe (w? - 1)3/2 G*(w) B—D

« B—D{v decay is described by w

- t=e, u only one form factor is needed

« B—D*{v with D — Dal/y: requires w and helicity
angles {0,,9,,,x}

- t=e, u three form factors are required

B B —
= = +
el i
B D* W* . =
H
q2 zqfnam q2 =Q72nq,n=m§z0
w = w%1.5
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B — D*fv

Unquenched lattice FF calculation available only at
zero-recoil

|V ,| with exclusiy

« B— Dfvand B — D*fv proviq

HPQCD, Phys.Rev.D97, 054502 (2018)
F(1) = 0.895 + 0.026

2 2 _ 2
_Mp +mp —(q
2mpmp

w

MILC/FNAL Phys.Rev.D89, 115404 (2014)
F(1) = 0.906 + 0.013

Ongoing calculations at large recoil by various
lattice groups

B — D{v

Unqgquenched lattice FF calculation also at
moderately large recoill

MILC/FNAL Phys.Rev.D92, 034506 (2015)
HPQCD Phys.Rev.D92, 054510 (2015)

- FF normalization requires non

perturbative QCD calculations

» | attice-QCD reliables close to Vi D > p* <+ DO

zero-recoil w~1

» LCSRreliables atw ~w,__. 9" = Gmaa 4" = Qmin =M
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Vel @and Form Factors para

 Phase space is reduced to 0 in the zero-recoil region

* Need an extrapolation to w=1 which has to rely on a form factor parameterization

/0 BGL Boyd, Grinstein, Lebed Phys.Rev.Lett 74, 4603 (1995) )

» Generic parameterization with minimal theoretical assumptions

(2) = : Na- 2" _vuwT V2
ft()_ . d’i Z 1,ne Z(w)_\/r-}-l-{-ﬁ

Coefficient a, , are free parameters to a certain order > )
The unitarity and analyticity of the FFs assure bounds on the coefficients A;n <1
n=0
e CLN Caprini, Lellouch, Neubert Nucl.Phys.B530, 153 (1998)
.. . B —» D*fv
« Additional assumptions to reduced the
number of parameters hA, (w) _ hAl (1) [1 N 8p2z + (53;}02 - 15)32
- F(1)=has(1) - (231p% - 91)2%] ,
- R, and R, are ratios of FFs Ri(w) = R;i(1) —0.12(w — 1) 4 0.05(w — 1)?

| Ry(w) = Ry(1)+0.11(w — 1) — 0.06(w — 1)2




« Requiring a well reconstructed lepton

Events

Be”e B_)D*IV anaIySiS / 052007 BELLE

Based on 711 b’
e Using D* — D%, D°—Kn

x10°

P.>0.80 GeV
. P >0.85GeV

* * 2 2

cosbipy =

2|p5 | |py|

—+— On-Resonance Data
[ signal
. 0+

I Correlated cascade decays

I Uncorrelated

Fake lepton
Fake D*
Continuum

Electron mode

Y =D*f

Phys. Rev. D 100 (2019) {B

. N
N(B — D*ev,) = 91 - 10°

N(B — D*uv,) = 90 - 10°

Purity ~80%
-

e Signal yields extracted from a 3D fit of

cosbgy
AM=m(D*)-m(D)
P,

 In40 binsinw,0,0,,x

(10 bins for each projection)

Computation of kinematic quantities requires the
knowledge of the B direction — estimated by

COSOBY and information from the rest of the event

FPCP 2020



Phys. Rev. D 100 (2019) {B

B—D*lv: fit results e o

 Simultaneous fit of 1D projections of w, 6,,6, ,x

« CLN: F(1)|V,| + 3 f.f. parameters p?, R,(1), Ry(1)

. BGLU29: |V | and 5 f.f. coefficients, a,, a,’, a,"", a,"", a ¢

x10° x10° / \
14E Al——|=-=|_‘_|_—l=: 20— Correlations across the 4
- . [ dimensions evaluated from the
122_ 15-_ * B—>D*eV CLN .
b B e overlapping events between
2 g | each pair of bins
0 — B 0 g
2 > 10f L The 40x40 covariance matrix
o i — is properly accounted in the y2
4 5__
o~
GE ,,,,,,,,,,,,,,,,,,,, e - (LR e e | G00d ?/ndf for both CLN
105 14 145 12 125 13 135 14 145 15 1 -08 06 04 - 02 go.z 04 06 08 1 5nd BGL
w coso, K /
16?103 §1o3
C 12
14F- ___III__=.=I— E __lz’:‘—‘—l__ﬂ a
122_ | 10, . B(BO — D*_€+V)
¢ - —+— On-Resonance Data =
C o i 0 *— 1+
2 10 R S B(B° — D*—utv)
g % SRt
6F £ Fako lton 1.01 £0.01 =0.03
: . Continuum \
0

v e b Py b by by g Ty
1 08 -06 -04 02 0 02 04 06 08 1
coso) 4

10



' D
FF parameters and [V | 00 2019)

BELLE

2 — 1.106 + 0.031 + 0.007
[ch‘CLN = (38.4 +0.2+0.0+ 0.6) X 10_3J Rl(i) — 1.229 + 0.028 + 0.009
4

R5(1) = 0.852 £+ 0.021 £ 0.006

FNAL/MILC F(1)=0.906  0.013 il % 10° = —0.506 = 0.004 £ 0.008.
il x 10° = —0.65 + 0.17 % 0.09,

‘
[Vilper = (383£02£0.7£06) x 107 o <10 = -0am= oot 0z

a5y x 10° = 43.27 £ 1.25 + 0.45,
@l x 10° = —0.929 £ 0.018 4 0.013.

. Consistent results between CLN and BGL A
« With additional parameters free in the BGL
« The unitarity constrains are violated
S « Large correlations between parameters cause fit instability p.

e Spectrum is not unfolded, but information about bin-bin migration matrix
and efficiency maps are available for independent fits

M.Rotondo FPCP 29 gl



Phys.Rev.Lett. 123 (2019) -

BaBar B—D?lv analysis /, n0.9, 091801

* Analysis based on 426 fbo-! at Y(4S) ‘I'(4S) — Bt B ) ( )\ D*KVE)
ag?sig
e Hadronic B-tagging

« Suppress continuum e*e” — qq and DA
combinatorial background -
v
 Improve the resolution on the Yhai A e~
kinematics of the signal decay ,N{ o D
Bsi
- Boost kinematics in the B rest frame Brag @ : .‘ >
- Increase the signal/background .. p() j/y)
separation (@)’ Y

« Improved Btag algorithm used also in

« B—D(*)mmty PRL 116 (2016) 041801
. R(D)-R(D*) PRL 109 (2012) 101802

* Full exclusive event topology reconstructed: no additional tracks
+ B, & B*-D*{"v, with D* — D, ¢=e,p

. B,_- & B*—D*¢*v, with D*® — D, ¢=e,u - DO reconstructed in the
tag J 1) 1) . _ + _
cleanest mode: K11%, K

0, Kt

M.Rotondo FPCP 2020 12



L

// Phys.Rev.Lett. 123 (2019)
/ no.9, 091801

Signal yield
« Kinematic fit of the full event topology: e'e” — Y(4S) — Btag && B—D*fv
« Mass constraint: Btag, Bsig, D, D*, v

« Vertex constraint: beam spot, secondary vertices
« Probability of the ¥? of the kinematic fit used as discriminating variable

« Event further cleaned requiring E_. < 0.4-0.6 GeV (depending on the mode)

extra
600+ +Data | 400 ]

- Signal ﬁ ' | 1 N b
> | MBkgd J 2 300~ : Requiring |U|<90 MeV
S 400- 2 '
% 400; i::ff_ 8@ 200 i - 6112 total candidates
c | e - signal purity 98%
2 200" 8 ] gnal purity 98%

: . |« i WY - the background of 2% is

’ K'- : s, all due to BB events

-01 0 0.1 0.6

U = Eniss — ’ﬁmiss‘ =E, - ‘ﬁV‘
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FF parameters and [V, | p

 Form factors parameters extracted from an unbinned dI’
Maximum Likelihood fit using the full 4D differential rate dquQ
« BF(B°-D*f*v) included as gaussian ) BF(B = D*lv)
constraints in the likelihood to extract |V _| [yt = / ) ——dg°df) =
d df) TB
° CLN p%)* Rl(l) RZ(I) |Vcb| X 103
0.96 £ 0.08 1.29 £ 0.04 0.99 4+ 0.04 38.40 £+ 0.84

° BGL(111)

al x 102 al x 102 al* x 10?2 ad x 102 af x 10® |V_,| x 103

1.29
+0.03

1.63 0.03 2.74 8.33 38.36
+=1.00 +0.11 +0.11 +6.67 +0.90

Higher order terms
have large
uncertainties and
violate unitarity

-

- BGL and CLN give consistent |V | results

Result consistent with HFLAV average (based on CLN)

N

4

 Form Factor parameters not included in HFLAV yet
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Comments on B—>D*lv r

. . % Phys.Rev.D77:032002(2008)
 Most precise previous measurements —
from BaBar and Belle Phys.Rev.D100:052007(2019)

(- Untagged sample: high efficiency but higher background and unconstrained\
Kinematics

- Fit the projections to the 4-dimensions w, 6, 6,,

» Strong statistical correlation between the bins in the various projections need to
be considered

\ * Reduced sensitivity to form factors shapes /

« The BaBar measurement with only 1/20" of the signal yield achieved a sensitivity to
form factors similar to Belle analysis

[ - Tagged sample: better resolutions, smaller background, 4-D fit to g ,ef,ev,xj

- Caveat: for a |V | measurement, the hadronic B-tagging suffers from
systematics due to calibration of the B .__ efficiencies

tag

M.Rotondo , 5



HFLAV Average

B — D*@v
= Ao Measurements
— based on CLN
=" | 4
— 36
:"/ BABAR (Global Fit)
= AVERAGE [-4\
3 -
= BELLE 1 BABAR (D*0)
34
| BABAR (excl.)
Average includes:
"CLEO, ALEPH
~DELHI, OPAL %
1 | 1 ‘ 1 ‘ 1 1 1 | |
38.8 1 1.2 1.4
p2
NewF (1) |V (35.27 4 0.38) x 107°
p° 1.122 4+ 0.024
Rl(l) 1.270 &£ 0.026
Rg(l) 0.852 + 0.018

42

newG (1) V|

B — Dev

- AxXT=1 . Measurements

[ Average includes: based on CLN

. CLEO

- ALEPH BABAR global fit

i BELLE

l BABAR tagged

. AVERAGE

: | Spring 2019 |

i I | I I 1 ‘ I I 1 | L L L |

8 1 1.2 1.4 1.6
p2

(42.00 £ 1.00) x 1077
p? = 1.13140.033

@vcb| — (38.76 4042, + 0.555,) - 1

}ﬁ V| = (30.58 4 094z, % 0.37;3) - 107 ]
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B, semileptonic decays ==

for Lattice-QCD

Complementary measurements to those from B° and B* E ;6; Golden modes

Advantages:

|

« Lattice calculations easier due to heavier spectator quark: predictions are more precise

« Forthe B, — D_*: the zero-width approximation of the D_* should work better than the B
case (no D= pollution)

HPQCD, PRD 101 (2020) 7, 074513

BO_D. ¢*v FF in the full q? range HPQCD, PRD 99 (2019), 114512

1.2f 1 B — D*—p ) (HSQHPQCD) —O—
- ) )

L1} 2(g?) | ks (1) (NRQCDHPQCD)  ——O——
1.0}
0.9} B = D* —» 0 @mrqen) —o
0.8} ha,(1) (NRQCD, HPQCD) —o—
0.7¢ hy,(1) (Fermilab,Fermilab/MILC) —o—
0.6~ ' ' ' ‘ | J , , ‘

0 E 4 qQ[GSVQ] 8 2 05 080 085 090 0%
M.Rotondo FPCP 2020 17




Phys.Rev.D 101
(2020) 7, 072004

LHCb Measurement of |\,

] -
« Based on Run1, 3fb’ o B(B® — DI ptv,)
 Extract|V_| from B_decays B.—D_uv and B.—D_*pv -~ B(B"—= D utuy,)
0 *k— T
* Normalized to B® — Dpv and B® — D*pv R* = B(B, = D pv,)
B(B’ — D* utv,)
- The BF(B? — D™ruv) are known well from B-Factories
‘. The D" and the D, -are reconstructed h . gls)gtla)ata LHCb
in the same final state D " — K K*n % 10 II' I'” I
. : o | |
* Decrease the systematic ﬁ 10* £ | | | |
uncertainties: same particles and SE gy | |
similar kinematic in the final state o [ | | | |
N A =Y 103 L | I | I
e A : | | |
. Only the D'pv and D_" pv samples are 3 | | | |
reconstructed -é 102k | L _
| Eimaaaaeeamde %

- The D pv and the D_*uv components © = e e
(and Duv and D*-uv) are separated % \X\% 'N%\ 'N% ! '%\' :
kinematicall 1800 1850 1900 1950 2000 2050

N Y Y, Myrr- [MeV/cZ

i



LHCb Measurement of |V, B s

— External inputs
B(Bs =& Dspv) [Ny & Jd . B(D~ - KK f /f, from PRD(2019)031102

R = —
B(BO — D_/ﬂj) Nd €s fs B(Ds — KKT[‘) BFs from PDG
. N_is written in terms of |V_ | and the form factors 4 o |
More details in the dedicated
« 2-D template fittom__and p,(D,) identify the signal talk by Dawid Gerstel on
yields and provides a simultaneous measurement of | June 10" /parallel session on
the ratios R(*) and the form factors L B-anomalies

o T Q

» The transverse momentum of the ;’ 35F B'-D ; LHCb-
D, is correlated with w Ds4p 8 30b |BY~D; 8
', o) E

pl(D) ”””” ol ; 25 :' _é

o 20 S ;

8 ) E

215 ) ;

g 3 5

s 5 ':

o ol v-c —:

23 g -f

2™ 0 T YAVt g 0 b i et e I B
C 4 45 5 55 O 05 1 15 2 25

Meore [GeVIC'] p|(D3) [GeVie]



Results on |V_ |

Phys.Rev.D 101
(2020) 7, 072004 W’I
| Vop lopn = (41.4 £ 0.6(stat)  0.9(syst) = 1.2(ext)) x 1073
|V laer = (42.3 +0.8(stat) £ 0.9(syst) + 1.2(ext)) X 1073

| First measurement of |V | using B_

- First measurement of [V _ | in an
~ hadronic environment

* The results are consistent between
CLN and BGL

« Compatible with world average for
both inclusive and exclusive
determinations

/- Uncertainty not competitive with b- N

factories: limited by knowledge of f /f;
C The approach can be applied also to
=  B°decays!

/

M.Rotondo FPCP 2020 20




Results on |V_ |

| Veplorn =

| blBGL

! First measurement of V| using B,

&) First measurement of [V_ | in an
“’“ hadronic environment

* The results are consistent between
CLN and BGL

« Compatible with world average for
both inclusive and exclusive
determinations

= (41.4 = 0.6(stat)
= (42.3 = 0.8(stat)

* Uncertainty not competitive with b-
factories: limited by knowledge of f /f;
C The approach can be applied also to

=  B°decays!

~

/
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+ 0.9(syst) =
+ 0.9(syst) =

Phys.Rev.D 101 %

(2020) 7, 072004
1.2(ext)) X 1073
1.2(ext)) X 10-3

I 1 I I 1 | 1 I | 1 1 1 1 | 1 1 1 I E I I I

ALEPH [PLB 395, 373 (1997)] g
CLEO [PRL 82, 3746 (1999)] -
Belle [PRD 93, 032006 (2016)] o e

BGL -
BaBar [PRD 79, 012002 (2009)] 1_"”"_'
BaBar [PRL 104, 011802 (2010)] "‘I"’_"
ALEPH [PLB 395, 373 (1997)] i
CLEO [PRL 89, 081803 (2002)] e
OPAL [PLB 482, 15 (2000)] ""|'—'"'
-I—'—i—l

OPAL [PLB 482, 15 (2000)] =
DELPHI [PLB 510, 55 (2001)] '_'__'_f
DELPHI [EPJ C33, 213 (2004)]
BaBar [PRD 77, 032002 (2008)]
BaBar [PRL 100, 231803 (2008)]
BaBar [PRD 79, 012002 (2009)]
Belle [PRD 100, 052007 (2019)]
BaBar [PRL 123, 091801 (2019)] ey

——te—

—a—

il
=

I—h?rl—| CLN

LHCb [LHCb-PAPER-2019-041]

PR L

—Exclusive average (HFLAV 2019) | -

------- Inclusive average (HFLAYV 2019) | :

AT I BRI U | S
10 20 30 40

V.,

1 11077
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The state of the art at the 3-F

BY - a#t¢— o

B~ - 7%

Untagged provide most precise results

BELLE

Using both tagged and untagged approaches

C\'I_I I T T T | T T T T | T T T T | T T T T | T T T T I T
5 L _
© 10— v I1=[3.67 + 0.09 (exp) = 0.12 (theo) ] x 10° —$— Average Belle + BaBar  _
(O] - ub —A— LCSR (Bharucha) .

coo — Fitprob.: 47% = BCL fit (3 + 1 parameter) 7
— — Data & LQCD (FLAG) & LCSR—

Al 8 B o
g T ot —
~ B ] N
> s —¢— -

t o |
1 g | |

OT 4— ]
e L _
m - —
o] L _

2 - —
— 2018 -
0 B I 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I I_

e

N

[o)
| o N
< O
o
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T | T T T T | T T T T | T T T T
Input Measurements:

¢ B’ Belle untagged , Phys. Rev. D83, 071101 (2011)

v B Belle had. tag, Phys. Rev. D88, 032005 (2013)

A B Belle had. Tag, Phys. Rev. D88, 032005 (2013)

& B°& B* BaBar untagged, Phys. Rev. D86, 092004 (2012)
O B°& B* BaBar untagged, Phys. Rev. D83, 032007 (2011)
@ Likelihood fit average

iSue

—
N
IIIIII‘III|II

|IlI|III‘III|III|III‘II\|II—

III|I|I‘TIII°’III
T

—

Qcmn__{j
:’“ L1

HFLAV
[ 2018 |

P I B
5 10 15 20

OO

2

0

Results of the HFLAV combined fit
of the experimental data and
theoretical inputs:

« Lattice QCD (HPQCD,
MILC/FNA) at high g?

« Light Cone Sum Rules at low g?

g
V| = (3.67 & 0.094y,
+0.1245,.) - 1073

- J

S



Ab — puv : signal fits // Nature Phys.11(2015)743 %

* The b-baryon decays provided complementary information to B mesons

« Using Run1 (2 fb") - Large backgrc.)und from /.\b — A v
 LHCDb determines the ratio
S' naI N=17687 + 733
&~ 18000 |g — ~_— Signal N
L e s GeV2 p Bl —pw)*  at>15cev:
L - EED’puv ] exp — o
S v i < Normalization
n 12000F gAY 3 B(Ap = Acp) P> 7 GeV?
— Nuv
£ 9000 MMpuTV, R, = (0.92 +£0.04,., +0.07_ ) x 10
:;;t; : K exp sta sys /
= 6000 F
E 30005 Vub L Remp
N — Detmold et al.
g Ve R — PrD92 (1015) 034503
?000 4000 5000
Corrected p i~ mass [MeV/c?] N
First measurement of A, — p pv |Vub|
A 0.079 = 0.004¢z, = 0.004F F
. First |V | measurement in | cbl
W hadronic environments J

PCP2020 24
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['(b— clv)

. Z o
|V ,| from inclusive decays = R ~ 50

« Large background from B—X_{v

 Kinematics to extract the signal: m, << m_

« Cut limited region of phase space (f)

- Non perturbative shape-function needed
- Universal only at leading order in A/m

Xu
E, = lepton energy |I" | AB(B — X, 0)
2 = (P.-P.R2=(P.-P )2 ‘ub| =
X s~ Px) : PP B Arthenr}r
M, = X, hadronic mass
Not to scale!
b—c Experimental resolution
. [ leads to “irreducible”
N — U N — U b— ctf'v contamination
g \2’ - partially suppressed
E, q My  with K and D* vetos

Small f, Large f,

M.Rotondo FPCP 2020 25



['(b— clv)

|V ,,,| from inclusive decay: o u0o)
= « L arae hackground from B—X_{v

~ 00

DN De Fazio, Neubert JHEP9905,017 (1999) : _

Claimed in BLNP to be superseeded to extract the signal: m, << m,
BLNP Bosh, Lange, Neubert, Paz, _

Nulc.Phys.B699,335(2004) 2d region of phase space (f,)
GGOU Gambino, Giordano, Ossola, Uraltsev, _ _

ﬂ JHEP908 10, 058 (2007) verturbative shape-function needed

DGE Andersen, Gardi, JHEP 0601, 097 (2006) rsal only at leading order in A/m,
ADFR Aglietti, Di Ludovico, Ferrara, Ricciardi

EPJC, Vol. 59 (2009)
BLL Bauer, Ligeti, Luke Phys. Rev. D64,113004 (2001)
Only valid in the mx-g2 two-dimensions cut

| Inputs on m, and non perturbative parameters, from TR Mtlm}.
the global fit of inclusive |V |

Not to scale!

E/
os]
d
>~
%

b— c b—c Experimental resolution
leads to “irreducible”
N — U b—u b— c{'v contamination

.
L L

- partially suppressed

m - *
] X with K and D* vetos
Small fu

M.Rotondo FPCP 20 o 2



B — X ev: electron specfg 073001 (2017)

* Inclusive electron spectrum measurement <« Dataset: 467M Y(4S)

‘?

. N Large statistics: >10° events / 50 MeV bin;
Fit Strategy statistical uncertainties dominated by continuum subtraction
* Fit simultaneously on-Y(4S) and off-Y(4S) % E“mm i B On-resonance
« 5 separate b — ¢ components § oo ;_ “>«._ & Off-resonance
> F “s -- Fit to off-resonance
« Secondary leptons b -c— e ; m .
. boX,ev Z "F Use 44.4 fb! taken
- Off resonance
« Spectrum range [p., 2.7] GeV, p,., from B
CHHI -
0.8 GeV 10° e
% 10° s,
08 y 10' - Q On-off resonance oo,
© 08¢ wide — 108 , %, %
3 o7 Some bin oy & B8 MCwith SRR
G 't 10 B2>X,ev excluded oy ] ‘L
z|n.uﬁ:comp0nents . pev e TR T
T - = - 1 15 2 : 3 35
=z o5- of B2X ev /. | Electron Momentum (GeV/c)
0.4 :
0aE- Signal model obtained mixing known existing
an exclusive final states with calculations for B—X e v
TE (Hybrid model). Four different calculations
0.1 considered for B—X e v Inclusive spectrum

% 05 1 15 2 25 3
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Results on total rate and |\ 073001 (2017) ﬁ
« Highest sensitivity to B—X ev in the 0.12 o
wide bin 2.1-2.7 GeV 01 BLNE.....

* This dependence on the signal model
impacts any measurement that
extends in the B—X_ev region

8

A B(10°)/(50 MeV/c)
o
=]
=1

0.02 ki

HFLAV 2016 o
v Lo e L by b b b b by ey
= S S R 08 1 12 14 16 18 2 22 24 26 28
= 480 - | A Electron Momentum (GeV/c)
=" 46-PDG2016 4 o _ _ h
4.4 T * In the future it will be crucial to improve
[ £
4.2
aF- | « Knowledge about B—X_ composition and
38- + b kinematics: rates and FFs for D/D*/D**...
- ~ \
ot BaBar E_ 2006 « Constrain the signal model measuring
34 r : - exclusive B—nTT ev: up to now resonant
DN DGE BLNP GGOU "
A~ N and non-resonant contributions are
388=0.11%22+0.12 ﬁ4.6010.13 o5 =0.16 | combined with an ad-hoc procedure
392+0.11 "oos 403=0.11 772 750 )

M.Rotondo FPCP 2020’// 28



|: HFLA

Status of inclusive [V,

Compared with HFLAV 2016

BLNP is unchanged

DGE, GGOU decrease

ADFR is almost unchanged (not included in
the BaBar analysis)

Framework Vs [1073]
BLNP 44475757672
DGE 3.99 4+ 0.1075%
GGOU 4.32 +0.121913
ADFR 3.99 +0.137915
BLL (mx/q? only) 4.62 =+ 0.20 & 0.29

« BLNP and GGOU are based on QCD with
a mild dependence on the way the shape
functions are modeled

« DGE and ADFR are model dependent:
they compute the shape function with
assumptions on the QCD couplings

CLEO (E)

4234+049+022-0.31
BELLE sim. ann. (mX, )

452+047+025-0.28
BELLE (Ee)
495+046+0.16-0.21

BABAR (E)
3.96 £0.10 £0.17

BELLE multivariate (p*)
462+028+0.09-0.10

BABAR (m, <1.55)
430+£0.20+020-021

BABAR (m<1.7)
410+£0.23+0.16-0.17
BABAR (m,<1.7,q’>8)
433+£023+024-027

BABAR (P"<0.66)
425+026+026-027
BABAR (m{, q? fit, p*>1GeV)
4444024 +0.09-0.10
BABAR (p*>1.3GeV)
443+027+4+0.09-0.11

Average +/- exp + theory - theory
432+0.12+0.12-0.13

igz/dof: 12.7/10 (CL = 24.00 %)

. Gambino, P. Giordano, G. Ossola, N. Uraltsev

JHEP 0710:058.2007 (GGOU)
I | I

> Uncertainties are probably
underestimated

2




Ricciardi, MR, arXiv:1912.09562 Inclusive |V, |
I
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HFLAV average of the exclusive

Indirect determination of |V, | _
V. .| and [V cb —
Vol Vool D.King et al. JHEP05(2019)034 ’V | (41 6% 0. 7) 107°
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Conclusions

« Semileptonic decays require close interplay between theorists and
experimentalists

« Eagerly waiting for calculations at non-zero recoil for B—D* and B—D_*

* |nclusive-Exclusive puzzle has to be understood

 Many published results are based on 10-year old analyses and cannot
be easily re-analyzed

- Crucial to provide results in a format that can be re-analyzed
* Inclusive measurements will be dominated by Belle Il in the near future

« /\, and B decays into the game (B, in the future): many opportunities

M.Rotondo FPCP 2020 31






W L -0

og(ete” — Y (45)) = 1.06 nb

BF(Y(4S) — BB) ~ 100%

BaBar: 430 fb-"
Belle: 711 fb?
Belle-ll expected 50 ab™

« Hadron machines: high energy pp (or pp) collision

b-hadrons

o(pp — 55)7 Tev ~ 295 - 10°nb
o(pp — 55)13 Tev & 600 - 103nb

The b-quarks can hadronize in any
kind of b-hadron
By, By N\,.Bs =4 24, Q. By ..

s’ —b’

LHCb: 3 fb-! + 6 fb-"

33




B-Factories BaBar and B

 CM energy of the Y(4S5) =10.58 GeV 7 .
most of the time 31t l T;é
_ 0
» Large production of B meson 5§ | £
from Y decays E L YR m
) _ Tw0F Y(39) .

 Run at Y(5S) allows to access ° | L T e

the BS mMesons 3.44 946 10001002 1034 1037 1054 1058 1062
Mass (GeV/cz)

¢Te” = 7T(4S) - BB B-Factories: hermetic detectors, low background,
Excellent PID, access (mainly) at B%*

About (771 + 467)x10°
ete- — BB events in
the Belle+BaBar data

M.Rotondo FPCP 2020 34



B, semileptonic decays

« Advantages:

2.8

2.6

2.4

2.2

2.0

1.8

Ay
:O’_ Golden modes

for Lattice-Q

CD

Lattice calculations easier due to heavier spectator quark, so predictions are more precise

For the B, — D_*: the zero-width approximation of the D_* is more valid than the B case (no Dn

pollution)

Experimental point: different background composition from excited D states than in the B—D*

case

TTTT T T[T T T T[T T T T[T T TTTTTTT]

S S-wave
P-wave
D-—wave

mass [GeV/c?]

3.4

3.2 1

3.0 1

2.8

2.6 1

2.4 1

2.2 1

2.0

1.8

D_(2317) — D_T1° >90%
D_,(2460) — D_* T1° ~50%
DX ~50%

L=0 L=1 L=1  L=2

js=1/2 | js=1/2 | js=3/2 | js=5/2
H i : i [ }
i : : . Dy(3040)
X : e
:D},(2860) : : D5(2860]
- ; Y :
— D},(2700) : D5(2573)
— i ¥ ¥
—— o Da(25306) | DK
' D41 (2460) :
" : DK
iD(2317)
D! : :
Ds : i —— theory
- ) i
[ ) measurement
0- 1- 0* 1+ 1* 2+  3- ??
_]P
35
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Phys.Rev.Lett. 123 (2019)

L

no.9, 091801
B.Day @ EPS19
C\'>400"'|"'|"'|"'|" .§450""|""|""|"" .2400""|""I""|"" é L L e |
Tk gty | Zol, S N e
73054 ’ %350 o 1 S .00 Qﬁ 5 ER m ﬁ $
2504 % = 300 ¥ 2 250 # S 250 D*
3 § 2 250 % ﬂ,ﬁ = 3 200
5 200 z P 2 200 3 5
150 g 200 5 * = 150
150F % 3
—e— Data 150 ™ g
100 100 - 2 100
50 —- BGL-wtd Sim 30 50 50
e (GeV?) cos 6y cos 6, X
— T T T T T T T L B L
- BGL FF's differ from CLN-WA both in | al Ry 111t ]

scale and in shape

o Interms of ratios R1 and R2

« R, has positive slope, R, is flat

J — CLN BaBar |
g [ = ]
= s g el RIT" Sty
n — w—r Fy P IR I P I B
2 w—1 mpw-1)f 1 1.2 1.4 1 1.2 1.4
\%% \%%
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1.3

124

L.IL

10+

—»— Belle

—— FNALMILC

1.32- — HPQCD « Combined fit with Lattice data beyond zero-recoil

oE L using BGL parameterization .

b Y Series truncated at n=3
Lattice data NEw | Ves|[10 1 x*/nas Prob.
FNAL/MILC [15] 40.96 + 1.23 6.01/10 0.81
HPQCD [37] 41.14 + 1.88 4.83/10 0.90

FNAL/MILC & HPQCD [13] 41.10 £ 1.14 11.35/16 0.79

09 #=|

08}

07t

0.6

ENAL/MILC HPQCD

0.00 001 0.02 003 0.04 0.05 0.06
Jorm factors f.(z) (upper ploty and fi(z) (lower plot)

M.Rotondo

Z

Critical discussion on the FF parameterizations,
using both Belle and BaBar data reported in
Bigi, Gambino Phys.Rev.D 94,094008(2016)

/exp data | lattice data | N,par | 10% X |V| X’ \

all all 2.BGL | 40.62(98) | 22.1/26
all all 3,BGL | 40.47(97) | 18.2/24
all all 4,BGL | 40.49(97) | 19.0/22
Belle all 3,BGL | 40.92(1.12) | 11.6/14
\\BaBa;r all 3,BGL | 40.11(1.55) | 12.6/14 Y

BGL and CLN give consistent results. Because
of the present accurate Lattice calculation, CLN is
no longer a satisfactory parametrization

FPCP 2020




W 6 1 | | | | | | | | | | _
- u —e— BLNP _
ﬁ = —
— 55 —o— DGE —
O — -
> [ —+— GGOU .
: | [ ] -
4.5 {l l w =
4 # l [ —
— B—nlv Z
35 —
3F .
1 | l l | l I —
e e %ﬂfﬁ . & A /_\5 z_Qb A A
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