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Experimental measurements

IVerl Semileptonic
Inclusive: B—=Xclv

Exclusive: B—=D®lv

Vbl Seimileponic
Inclusive: B—X,lv
Exclusive: B—mlv
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'V | determination from inclusive B — X /v

* Total semileptonic decay width with Operator Product Expansion (OPE)
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non-perturbative input
r=mec/Mp, heavy quark parameters 12, ig:, P Par,

*  Moments of spectrums Lepton energy, hadronic mass, and photon-energy (B—XsY)
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moment of observables e.g. Lepton energy: (E}) = ! / E} ar dE;
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o Similar expansion as I'sy: f(Ecut, Me, My, Uy UGy PD s PSL)

o Use these moments to extract the quark masses and heavy quark parameters
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Experimental measurements B — X /v

« Tag B meson with hadronic decays
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« Reconstruct X. with the rest particles not used for B and lepton

 Extraction of moments of lepton energy and hadronic mass
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¢ Reconstructed spectrum — True spectrum: detectors resolution, selection efficiency, QED radiative effect

Belle: Unfolding
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Babar: Linear correction
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'Veb| determination from B — X AV

 Global Fitting: fit to the moments of lepton energy and hadronic mass with
different energy cut with some parameters constrains.

« Theoretical expressions
« Kinetic scheme, 1S
- Fit to the measurements from different experiments
« Fitting results are consistent

Veo| (109) | mb(GeV)  note

___________________________________________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________________________

Mc constrain prL 114, 061802 (2015)_
higher order correctionO(asAgep/ms)

___________________________________________________________________________________________________________________________________________________________________________________

1S  41.98+0.45 | 4.691+0.037 {combine B—Xsy HFAG 2014

Vep|=(42.212+0.78)x10-2



'Vl determination from exclusive B — D™¢y,

- Differential decay ratio in the limit of very small lepton masses :

w: the Lorentz boost of D meson in the B rest frame
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« Parameterization of the form factors in the framework of Heavy Quark Effective Theory

w:VB-VD:

F(w) : F(1), p*, Ra(1), Ra(1)
G(w) : G(1), p°

« The form factor normalisation at w=1 (zero-recoil) computed by Lattice QCD

F(1) = 0.906 + 0.013
G(1) = 1.0528 + 0.0082



Experimental measurements B — D*/y,

Belle, PRDS2, 112007 (2010)

¢ Kinematics of the decay is
characterized by four
variables w, 0, Ov, Iyl

¢ Fit to w, cos(01), cos(Ov), Iyl
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¢ Untagged (Belle), ~
determine B rest frame ©
with the rest particles . 2"
based on the feature that B & = s
direction lie on a cone ——————————
around the (D*1])-axis cos 6, |x| (degrees]
B — D't B (%) newF (1)[Ves| (10°°) pb-
CLEO untagged (Briere et al., 2002) 5.62 39.94 1 1.37 + 0.09 + 0.09
Belle untagged (Dungel et al., 2010) 4.56 34.60 1.21 £+ 0.03 £ 0.01
BABAR untagged B — D* £'v (Aubert et al., 2008b)  4.54 33.94 1.19 £ 0.05 £+ 0.03
BABAR untagged B* — D" £*v (Aubert et al., 2008d)  4.97 35.22 1.13 + 0.06 + 0.06
BABAR global fit (Aubert et al., 2009d) 4.95 35.76 1.19 £ 0.02 £ 0.06
HFAG average (Amhis et al., 2014) 4.93 35.81 1.21 +0.02 £+ 0.02

¢ Systematic errors are dominant: tracking, particle ID,
branching fractions of D(*) decay...



Experimental measurements B — D/

* Extract signals Belle: PRD 93.032006 (2016)
¢ hadronic tag another B

. . . . 2 _ 2
¢ Identify signal with Mmiss = (p(T) — p(Btag) — p(D) — pt)
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® Parameterisation of form factor G(w) §“’ oo

¢ CLN: G(1),p ol—n
newG(1) V| = (42.29 4+ 1.37) x 1073 £
p? =1.09 £ 0.05
¢ Model-independent BGL fit ot
Combined fit to experimental data and Lattice data now | Veo| 107
calculation from lattices QCD data (FNAL/ FNAL/MILC [15] 40.96 + 1.23
MILC and HPQCD) HPQCD [32] 41.14 + 1.88

FNAL/MILC & HPQCD (15, 32] 41.10+1.14




Exclusive Average

B — D*lvy

V| = (38.940.5+0.54+0.2) x 10~°

§ HFAG 2014: 7jewF (1) |Vep| = (35.81 £ 0.45) x 1072

§ LQCD: F(1) = 0.906 =+ 0.013
¢ Leading EW correction New = 1.015+£0.005

B — D/?vyy
V| = (40.0 £ 1.4+ 0.3 +£0.2) x 1073

§ HFAG 2014: newG(1)|Vy| = (42.65 + 1.53) x 1073
§ LQCD: G(1) = 1.0528 4 0.0082
¢ Leading EW correction new = 1.012+0.005

PDG 2015: average of the
results from B—DIlv and B—D*lv

V| = (39.2 £ 0.7) x 1073
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B—Xulv Experimental measurements

« Tag lepton in signal B side, fag another B meson
with Hadronic decays B—»D Y

- Kinematic properties : (Mx, q°,p;, Py, MM?, etc.)

« Challenge: background from B—X_lv,
['(b— clv) =50 x I'(b — uly)
« More kinematic variables are used to further

suppress background, Belle: BDT, Babar: Cut
based selection

* p; > 1.0GeV in the B rest frame, cover 90% of
B—X_,lv phase space

Dominent Systematic Belle(%) Babar(%)
SOUICeS
B—Xulv shape 36 54
function A R
Exclusive B—=Xulv 4.9 1.9
Background 17 2 v
simulation (DO) & R A
Detector effects 3.1 3.4

BDT 3.1 i

2 [ T T T 2 T 'B")’ B
= [ = * B”' data
[ ] B-X,lv
2 2000f : - Se~x'Iv
w ot i W2000F CJSecondaries
1500 3 [ [C]Combinatorial |
] ! ClContinuum |
IOOOE ‘: 1000} i
500¢ ; [
- | 1 ‘. |
‘ : ! : ; ] e, W T
1T 2 3 4 10 20 30
M, (GeV/c?) q? (GeV¥/c?)
Belle, PRL 104 (2010)
» ‘ 4000 |- ' (b)-
_ 1500 _ ~
5 %ww— -
§10007 2 2000 | -
= =
w500 "' 1000 - -
0 0 E
% 300 P (%5) 300 i |
‘%’ 200 @ 200 ]
2 100 S 100¢ ’
E s 2 0
o— : S -100 ‘
0 10 20 0 2 4

10

q*(GeV?)

M
Babar, PRD 86, 032004 (2012)

(GeV)



'Vl determination from B—=Xylv

AB(B — X tv)
B APtheory

|Vub| -

¥ Al theory is the predicated B—Xylv partial
rate in the given phase space region

¢ Theoretical calculations from BLNP, DGE,
ADFR, GGOU...

¢ Agreement between different calculations
PDG 2015

Vip| = (4.49 £ 0.16exp 7015 theo) X 1073

11

HFAG Ave. (BLNP)
440+0.15+0.19-0.21
HFAG Ave. (DGE)
445+0.15+0.15-0.16
HFAG Ave. (GGOU)
439+0.15+0.12-0.20
HFAG Ave. (ADFR)
403+0.13+0.18-0.12
HFAG Ave. (BLL)
462+020=0.29
BABAR (LLR)

443045029
BABAR endpoint (LLR)

428+029=048
BABAR endpoint (LNP)

440030047

HFAG
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IVl determination from B—=T11lV

Vv
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B—T1TlV Experimental Measurements

Three methods of 1dentifying signals: Untagged, Hadronic tag, Semileptonic tag

* Had. tag

¢ Hadronic decaies

¢ Missing mass

¢ efficiency: Belle: ~0.2%,
Babar:B°~0.3%, B*~0.5%

¢ Dominant Uncertainty: Tag calibration

 S.L.tag

¢ tag B—=D®1v

¢ extract signal yield by using the
kinematic feature of the double
semileptonic decay

¢ efficiency: Belle~0.2%, Babar:B9(B+)
~0.1%(0.3%)

« Untagged

¢ determine neutrino four-
momentum with the momenta of
all particles and beam particles

¢ efficiency: Belle~9%, Babar:B(B
+) ~7%(5%)

¢ Dominent uncertainty: Detector
effects, b—ulv background
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BABAR had. tag: B* = 2’1" v x 2 1/,

152 =041 =030 -
BELLE had. tag: B* = 2’1" v x 2 1/T, :
148 +0.15 = 0.08 T
BABAR sl. tag: B* = 1" v x 2 1/7, H
1.78 £+ 028 = 0.15 ——
BELLEsl.tag: B* = 2’1" v x 2 7/T, ;
1412026 £0.15 T
BABAR had. tag: B’ — 7' 1* v :
107 £027 £0.19 —
BELLE had. tag: B’ = ' 1" v :
149 £009 £007 T
BABAR sl.tag: B" = x'1* v :
138 =021 =0.08 ——
BELLEsl.tag: B = ' 1* v =
14120.19 =0.15 il
CLEO untagged: B — xlv
138 £0.15 = 0.1 -
BABAR untagged (6 q: bins): B = xlv
141 2005 =008 e
BABAR untagged (12 q* bins): B — ntlv :
1.44 + 004 + 0.06 *
BELLE untagged: B’ — x' 1 v :
148 £0.04 +0.07 »
Average: B’ = 7 1" v ‘

145 =002 =0.04
¥*/dof = 3.4/11 (CL = 98.00 %)

I ' PDG 2014 \1

2 0 "
BB’ — 7 1" v) [x 104]
13




'Vl determination from B— 1TV

- Combined fit to experimental partial rates and theoretical calculation
versus g2

¢ different experimental measurements . L -3
¢ calculation from Lattice QCD IVubI — (372 ——0-16) X 10

¢ fit to full g* region
¢ most precise determination 0~4%, o(experimental) ~ 0(QCD)

| | |

o0 | arXiv: 1503.07839 Lattice N =4 fit .
BaBar untagged 6 bins (2011) =

Belle untagged 13 bins (2011)
BaBar untagged 12 bins (2012) —=—
Belle tagged B 13 bins (2013)

Belle tagged B" 7 bins (2013)
Lat.+all expt. combined N,=4 fit EEEE

—
(&)

dB/dqg? x 108 [GeV?]
o
|

2 FNAL/MILC(2015)

q
14



'Vl determination from baryonic decay Ap,— pPUVy

Ap—pUVy @LHCD

¢ Measure |Vul/IVepl with Ap—=pHvy,

Ab—= (Ac—= pKTD) V.

¢ Cancel some of experimental uncertainties.

¢ Determine |Vl with [Vl from experiment

|Vub|

= (0.083 £+ 0.004 + 0.004
\Ves|

Ves| = (39.5£0.8) x 10~*(PDG 2014)

Vas| = (3.27 £ 0.15(exp) £ 0.16(LQCD) + 0.06(norm)) x 1077

¢ Consistent with IVl determined by exclusive B

decays
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Summary

* |Veo| and |Vup| are measured with different methods
* Inclusive B—Xclv, B—=Xulv, Hadronic tag, Semileptonic tag, Untagged.
e Exclusive B—=D0Ulv, B—=mlv

* Inclusive-Exclusive tension in both |Veo| and [Vup| still exist.

Measurements (10-3) ov/V

2 80< Vwllnc. | 4494023 | 6%
WValExe.| 372306 4%

D 90— WNollne. | 42215078 | 2%
Vel Exc. 39.2+0.7 2%

« Belle Il will provide more precise measurements.
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Back up
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Experimental measurement B—=TV+

B— TVt b 5T '
¢ SM: BB—Tvqr) o (fg|Vub|)? \
H W+

¢ Sensitive to New Physics: H* o — - — —

¢ Bgig: T (e, p)vv, (11, p)Vv, Hadronic tag By, /
¢ Evidence: Belle~3.00, Babar~3.80 ]

Belle
BB~ — 77 v,) = [0.72133](stat) = 0.11(syst)] X 10™*

Babar
B(BT — 77 v) = (1.837033(stat) +0.24(syst)) X 107*

Eextra [GeV]

Egc (GeV)



Measurements from B—'(E,w,n,n’)lv

Measurement:

1

- .-

r—ryg
M., (GeVPicY)

Entries/(0.15 GeV%/ %)

19

CLEO untagged: B" = p 1" v
2.75+0.41%0.52 =
CLEO untagged: B" =p1'v
2.93+037+0.37 e - I

BELLE Semileptonic tag: B" = p'1' v
2.17£0.54 £0.32 ¢

BELLE Semileptonictag: B' = p’'l" v
247+043+0.33 —
BABAR untagged: B" > p 1" v
1.98+0.21%0.38

BABAR untagged: B" = p'1"' v
1.87+0.19%£0.32

BELLE brecotag: B' —=p1'v
322027024

BELLE brecotag: B = p" 1" v
3.39+£0.18%0.18

Average: B’ »pl'v :
294+0.11£0.17 Wl

1 /dof = 12.8/ T (CL = 8.00 %) :

—_———,——

———

ummer 201

BB’ —p1'v)[x 107



