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CKM Quark Mixing

Importance of |Vcol and [Vl U; ‘/:L 9 d J
- Test of CKM sector

-+ So far huge success for SM

New Physics still possible within current precision

IVubl has largest error among parameters of UT ‘)‘/
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Semileptonic B decays

Parton level t" | Decay properties depend
W- i on Vel & |Vub| and mp
b perturbative regime

u.cCc

But quarks are bounded by
soft gluons: non-
perturbative

+long distance interactions
of b quark with light quark

Decay rate ['y = ['(b = xlv) « [Vypl?
[c larger than ', by a factor ~50

Extracting b — ulv signal challenging
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Semileptonic B decays
from HFLAVI]

B — D* 0y, = 5.05 +0.02 +0.14
BT — D*%%y, = 5.66 + 0.07 +0.21

B’ — D ¢y, = 2.31 +0.04 + 0.09
BT — D%y, = 2.35 + 0.03 + 0.09

B(B — X 0" 1y) = (10.65 £ 0.16)%

B(B — w0 ;) = (1.47 4+ 0.06) x 104

B(B — X, fv) = (1.86 £ 0.10 £ 0.14) x 107
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A persistent puzzle in |Vx,l determination

Inclusive Approach (B— Xclv) Exclusive Approach B— D*lv/B— nlv
B Meson acts like a b quark which means | |- Hadronic transitions for B— D*/B— 1
that the decay can be described as b—c, ﬁ(e:sscgbed with form factors. LQCD and
u quark transition. - Theoretically calculable at kinematical
Calculated with Heavy Quark Expansion. limits

Lattice QCD works if D or Ttis at rest

(Phys.Rev.Lett. 114 (2015), 061802) _ _
relative to B (arXiv:1203.1204)

Exclusive IVul Inclusive IVl Exclusive Vel  Inclusive [Vepl
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Experimental Measurements at Belle/BaBar

Tagged Measurement Untagged Measurement
One B reconstructed completely in a Initial 4 momentum known, missing 4-
known b—c¢ mode without v. “B- momentum = v
) Reconstructed B = Xq Iv
meson Beam Other side information to constrain signal B flight
direction

- High purity, very small background - High efficiency

- Low Efficiency , large stat. errors - Low purity, large background

B

Basic Analysis Steps

- Reconstruction
- Projection into bins of kinematic variables

- Fitting signal yield
- Compare measured events to expected events (Fit to calculate Vel and 1V ypl)
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Recent Semileptonic Measurements at B Factories

Xiv:1903.10002,
B — D*/v BaBar tagged 2019 (saurbrlr‘llitted to PRL)

Xiv:1809.03290,
B® — D*~ (1, Belle untagged 2018/2019  gypmitted to PRD)

Measurement of shape of A) — ATy~ 7  (arXiv:1709.01920
differential decay rate Phys. Rev. D 96, 112005 (2017))

D*~ polarisation in B’ — D* " 7Tv.  arXiv:1903.03102
« : (arXiv:1803.06444, Phys.
B — D"mly, Belle hadronic tagged 2018 Roy'b g8 012005 (2018))
Relative B~ — D°/D*?/D**° " v, branching fractions (arXiv:1807.10722,

submitted to PRD)

. (arXiv:1611.05624, Phys.
Inclusive |V,;| BaBar tagged 2019 Rev. D 95, 072001(2017))
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https://arxiv.org/abs/1904.08794v1

|Vcb|
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Semileptonic Observables

Four momentum of charged lepton

\"/
- Experimentally: good LeptonID to p @
minimise fakes W2’

Four momentum of hadronic system _—T
. . B & D*
Experimentally: slow pion momentum - B &5 &
important for measurement at low recoill
- Momentum transfer to leptonic system D
02 = (PrHpy)?
Hadronic recaoil b= -
m% +my. — q¢° < — >y
s W =VR.Vp* =
2mpBmp+ B
Y%
+ For B' - D* (v :1 < w< 1.504 —— —e—D*

Normalisation (w = 1) = 1 (Heavy quark limit)
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Differential Decay rate

dl'(B® — D*{*v,) B G4 Ve |2
dwd cos Oy cosOyd, 483

F(w7 967 (9‘/7 X)G(w)

/ /

Form factor of B— D" transition phase space (known)

In case of B — D/vr decay rate only depend on w.
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Form factor parameterisation

. arXiv:hep-ph/9712417,
Caprini, Lelouch, Neubert (CLN) Nucl.Phys. B530 (1998)
Theoretical assumptions used to reduce the number of free parameters
describing form factors: to measure |1Vl with a smaller data set

F(w,00,0v,y) ——p SNon trivial form factors A1 (w),
Az(w) and V(w)

Ri(w) = V/A4
RQ (w) = AQ/Al
p*(w) = —dF/dw|y—1

F(w) normalised at zero recoil (w=1)

: : arXiv:hep-ph/9504235,
Boyd Grinstein Lebed (BGL) Phys.Lett.B353:306-312,1995

F(w,00,0v,x) is written as the most generic parameterisation with
minimal theory assumptions, the expansion is constrained by unitarity

(can have more coefficients than CLN at O(3))
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Form factor parameterisation: CLN Vs BGL

o arXiv:hep-ph/9712417, Phys.Lett. B771 (2017)
CLN Nucl.Phys. B530 (1998) * BGL Phys.Lett. B769 (2017)
* HQET relations + corrections * No HQET input

in powers of Aqco/m, e For B— D*Iv

e For B— D’lv hay (W) = W, f(W()1+ )
mpMmp=* w
ha, (W) = hA1(1)(_Z3 (231;%* - 91) + Ru(w) = (w + Dymgme £
2 2 2 v f(w)
+ 2 (53pp — 15) — 8zpp + 1), L Fi(w)

RQ(W) —

Ri(w) = Ri(1) 4+ 0.05(w — 1)* — 0.12(w — 1) w—1 mg(w—1)f(w)

Ry(w) = Ry(1) — 0.06(w — 1)* + 0.11(w — 1) | where f, g and F1 are

A

e For B~ Dlv parameterised as ....

G(w) = G(1)(1=8phz + (1o =102 | f(2) = s D "
— (252)p2, — 84)2° =0

cut off at n=1,2 ...
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arXiv:1903.10002,

Exclusive Vel from B — D*v tagged ¢ hried to PRL

- Tag side B reconstructed (hadronically) to reconstruct unknown
neutrino momentum

Reconstruct Bsignal (comprised of D*e,D*u and D*%e ,D*0u where DO
from D*© decays to K 7", K n ", K n"7" 7" combined with m® and t+ )
Signal selection using Am = (mp« —mp) and py.,

Kinematic fitto €7e” = Y(4S) = B, B ,( — D*¢71))

600 400 T Ty
' -t BaBar 469 fb-
> 3 %0 . :
= 400 = Rss7 : Nsignals = 5932
O . o s . ]
z S 2000 :
c - — . i
O c - ot
Lﬁ 200_ Lc||>j 100j /1“ |
Ole-s 0 ——————
: : 0.2 0.4 0.6
Emiss - |?miss| [G@V] Eextra [GGV]
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arXiv:1903.10002,

Exclusive Vel from B — D*/v tagged T e o TSR

Measure Vel and form factor parameters IVebl consistent

First unbinned (ML) fit in 4-D of g2, cos®,, with CLN-WA
cosBy, X for BGL expansion (N=1)

: : : : Vep| x 10° = 38.03 + 1.05
Tension remain between inclusive and ||y | x 103 = 38.68 + 1.16

(

- (
exclusive Vel Vi x 10° = 38.59 & 1.15 (B — ¢)
Vcb X 103 = 38.24 +1.05 (

al x 10°|al x 10°[a;" x 10°|ad x 10%|a? x 10°||V,,| x 10°

1.29 1.63 0.03 2.74 8.33 38.36
+0.03 | *=1.00 +0.11 +0.11 | £6.67 +0.90

¥ (radian)
D A O

SF e LCSR
 — WA CLN
. — BaBar BGL

¥ (radian)
D A o

-1 -05 0 05 1
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arXiv:1809.03290

BY — D*~{*v, using untagged approach i omited to PRD

Measure |Veol using Belle 711fb-1-
Signal Selection using
3D - Binned Maximum Likelihood fit of
(cosBg,p)
AM = mass (D*-D9)
lepton momentum
Float Sighal & Backgrounds components from MC to extract

‘ 63,0*6

background ylelds
><106 x10°
-se T -| T~ 1 7+ T T [ T T 1 n :"'I"'I'"I"'I"'I;"I"'I"
S 0.15 ) Signal u S -
> Fake Lepton, True/Fake D* S 60—
LU Fake D* LU i
. D+ I
0.1— B Non-Signal/non-D** o 40—
B D* & | from different B B

- Off-Resonance Data 1
0 - 05 i - )

OI#...|...|T..i..?|...|7..
0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156
A M [GeV]
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arXiv:1809.03290, ‘L2

FF parameters and Vel from CLN  { itted to PRD <L

BGELLE

Simultaneous fit of 1D projections of w, cos6,, cos8y, X to extract p2, Ri(1),
R2(1) and F(1)IVepl

X
a2 e 2
W q2F w

10F

1 105 11 115 12 125 13 135 14 145 15

w coso,
m x10° <10°
B P T — signal
RS COSGV . 10; . Fake Lepton, True/Fake D*
- gl Fake D*
1o}~ R 6f B D**
s af B Non-Signal/non-D**
- 2k B D' & | from different B°
% 08 06 04 02 0 02 04 06 08 1 ot Off-Resonance Data
coso,

p? = 1.106 £ 0.031 + 0.007

Ri(1) = 1.220 +0.028 +0.009 |F(1)IVeplnewx 103= 35.1 £ 0.2 + 0.6
Ro(1) = 0.852 & 0.021 = 0.006
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arXiv:1809.03290

FF parameters and Vool from BGL (1 itted to PRD

Simultaneous fit of 1D projections of w, cosB,, cosBy, X to extract the
coefficients of the BGL expansion (up to 3rd order) and F(1)IVcol

F(1)IVeolnew x 103=34.9 £+ 0.2 + 0.6 1070500 £ D001 L 0005

il % 10° = —0.65 4 0.17 & 0.009,

« Consistent with CLN af’l % 103 = —0.270 + 0.064 %+ 0.023,
~ 3
a2 x 10% = 43.27 4+ 1.25 + 0.45,
o  Differential data is prO\xl1loged 0 % 10° — —0.920 £ 0,018 4 0,015,
305
M ' £ 30f
s T
205 20
15; 15}
10; 10F
5. 5
005 111151212513 1361414515 0 0.8.0.604020 02040608 1
w cos0,
n ~ 3
§40EL 250
“ 355 N e IR
30F & 205 .
25 : ] Signal
20 15 Fake Lepton, True/Fake D*
15 10- Fake D*
10 : . D
5 B Non-Signal/non-D**

B D’ &I from different B°
cosoY X Off-Resonance Data

Q1 -0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1
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Vool from BaBar and Belle From CLN and BGL

Last 10 years...

Vel x 103 = 38.4 + 0.6 (CLN-Belle2019) (B— D*Iv)L!
Veol X 103= 38.3 + 0.8 (BGL-Belle2019) (B— D*Iv)!!
Vool X 103= 38.4 +0.9 (BGL-BaBar2019) (B—D*Iv)2!
Veol X 103= 39.9 + 1.3 (CLN-Belle2016) (B— DIv)8@!
Veol X 103= 40.8 + 1.1 (BCL-Belle2016)(B— Div)8!
Vol x 103 = 42.2 + 0.8 (Inclusive-HFLAV)H!

- CLN and BGL agree for both Belle and BaBar
- Inclusive and Exclusive tension still persistent !!!
- CLN and BGL form factor differences at zero-recoil (minimum higher

order HQET corrections) need to be investigated further.
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arXiv:1709.01920, Phys.

Ay — Afu~ v differential decay rate  Rev.p 96, 112005 (2017)

e Differential decay rate (as function of g2) is compared with expectations
from HQET and unquenched lattice QCD predictions.

e Ay — ATu~ v, described by (6) form factors (FF) corresponding to the
vector and axial-vector components.

dl’ o T I P ORRRE SRR AR
5 P —— : S F - - :

i — ( ; 52 O 0'45_ E g)% 02F ]
dw b " Unfolded spectra - oF - L
: 0of  UNIOIAEd Spectra 4 o, Folded spectra

2 G 01:— = : :

2 4 2 E ] 05 =

G = |Vcb‘ mAg) r o : B E
3 (27‘(‘) 1 1.1 12 13 1.4 o '1'1' = '1'2' = '1'3' — '1'4'

N . . . i

fB(’w):1—p2(w—1)+%a2(w—1)2+...,

98]
T

[\
(9]

—
in .
| LIS LU UL

K(w) =m s vVw? —1 Bw(l — 2rw +r?) + 2r(w® — 1)}

p2 =1.63 + 0.07 = 0.08,

dN,. ! dg’ [GeV?]
[\®]

Lattice QCD fit for '

consistent with Lattice!, QCD?2, )]
L l: the decay :
and relativistic quark model3 ) S .é. S
[GeV?]

unfolded

Further studies with a suitable normalisation channel will lead to a
precise independent determination of the CKM parameter [V |.
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° FL Is fraction of D* polarisation in BY — D*_T+V7- decay from angular

distributionin  D*~ — DYz~
e SM prediction?: Fll?* — 0.45

)

1 dr 3 . o 3
T doos i — Z(QFII’) cos” Opet + (1 — FP7) sin® Oe1) 2
* Bhe is angle between D and direction &
opposite to B® in D*~ rest frame %J

® Rest of event information to reconstruct
Btag

e Calculate helicity angle in 3 bins

e Signal yield in bins of cos6,,, is extracted
from extended unbinned ML fit to Mtag
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Belle 711fb-1

140} \
120f }

1001

-

(o))

o
|

Qo
o
T T

60

40+ .
- — Fitwith F,"=0.6

20 = sm

—IlllllllllllllIlllIIlllIIllllllllllllllllllllllll
0-1 -09-08-07-06-05-04-03-02-01 0

cosG)hel

Fi7 =0.60 £ 0.08(stat) = 0.04(sys) | agrees within about 1.70 with SM
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Importance of B—+D** Iv Measurement

e D** is important background for both semileptonic (B—D*lv) and
semitonic (B—D*Tt v) measurements

e D™ is leading systematic error for both measurement

e Can mimic signal while measuring R(D) and R(D*) .. .. 004 0e704

Source
D** composition :
Fake D) calibration 0.19 0.11

Events / (0.12 GeV)

Biag calibration 0.07 0.05

Feed-down factors 1.69 0.44

Efficiency factors 1.93 4.12

Lepton efficiency and fake rate 0.36 0.33

Slow pion efficiency 0.08 0.08

S MC statistics 4.39 2.25
§ B decay form factors 0.55 0.28
S Luminosity 0.10 0.04
2 B(B — D™v) 0.05 0.02
& B(D) 0.35 0.13
B(D™) 0.04 0.02

B(r~ = { vw,) 0.15 0.14

O 02 04 06 08 1 12 Total 5.21 4.94

EccL (GeV)
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B — D™ r¢v hadronic tagged

arXiv:1803.06444, Phys.

Rev. D 98, 012005 (2018)

Important background for B— D*tv and R(D")
measurement

Belle 711fb-1

B — (D** — DWWty

—> D™ = Dr—» D*O — DOWO,

—> D" - D't —»D*" - D" D2t

B(BT — D~ w (")
= [4.55 + 0.27 (stat.) £ 0.39 (syst.)] x1073,

B(BY — D= ()
= [4.05 £ 0.36 (stat.) = 0.41 (syst.)]x1073,

B(Bt — D* nt{ty)
— [6.03 + 0.43 (stat.) 4 0.38 (syst.)]x 1073,

B(BY — D*n— ¢t v)
= [6.46 £ 0.53 (stat.) 4= 0.52 (syst.)]x1072.

within 10 of WA
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Relative B~ — D°/D*°/D**°u~v,, branching fractions using B~

from B.5; decays arXiv:1807.10722, submitted to PRD

e First LHCb measurement of f(D9%/D*9/D0) — distinguishes D%/D0/D"0in
semileptonic B decay

e Useful input for B production rate at +\
DO

LHCD. K / K-

® B*Osz decay used to separate the
three components

—
B*O S~ o
s2 ~

U, + X

e B.F relative to the inclusive
B~ — D°Xu 1,

Data 3 fb-1 collected at 7-8 TeV

)

o
]
(=]

700 E

B(B~ — (D**% = D°X)u~w,)

= 0.21 = 0.07.
B(B~ = D°Xu~v,)

fD**O —

600 E
500 F

Yield / (0.05 GeV?

B(B~ — D% 1,)
— = 0.25 = 0.06.
Jpe B(B~ = DX pu~1,)

Candidates / (0.05 GeV?)
—_ —_ \®] [\ (O8]
(@) 9,1 (e )} (@)
S (e} (e} (@] (e
[a) [e) () () ()

300 E

200 E

500 F 100 £

» fpo=1— fpo— fpxo

Pull
Pull
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|Vub|
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IVubI Status

e (Clean signal in missing mass for exclusive modes to measure |Vl
e Form factors f(g:) computed with Light Cone Sum Rules or LQCD
e b->ulvsignal enhanced w.r.t. b->c backgrounds in low M, and high g2

e gsystematics effects the charm background composition and u quark

fragmentation
mGZOlgl | C}'l_| _| T T T T | T T T T | T T T T | T T T T | T T T T | ]
1o L % jff Egt ;:E B E 10_— IV_1:[3.65 = 0.09 (exp) = 0.1 (theo) ] x 10° i‘:;::?::;t::alaar —
} ' FﬁAE}Dh%I(I:_I(D: (l)g m coo : Fit prob.: 61% — BCL (3 + 1 parameter) :
c R s 8 -
%~ 0.8 0 — NO' L |
= Ji RBC/UKQCD 15 2| s i _+_ —+— i
i I St it i L ey :
=06 L "Belle tggd13b!n et | £ 6 ]
= s % BE";ﬂrtiggsﬁtzf“ ma v | :
5‘304 B E % og 4_— _+—_+— _
50 ST il ﬁi = + -
0o | % il HFAG —
| . i
| l | | _
0.3 0.2 0.1 0.0 0.1 0.3 ol IIII+
20 o) 0 5 10 15 20 25
o° [GeV]
Summary of IVl determined from leptonic decay, exclusive
modes compared with lattice QCD
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arXiv:1611.05624, Phys.

Inclusive IVl from BaBar Rev. D 95, 072001(2017)

® Inclusive B =@ Xev measurement from full BaBar data set of 424 fb-

e Cut applied to electron momentum to seperate signal B — X,ev (~ 2.6 GeV/c) to
background B — X.ev (-~ 2.3 GeV/c)

® Perform fit to the inclusive electron momentum spectrum averaged over charged
and neutral B meson.

s~ 6 & 6L — 6
o - DN 2 - BLNP o C DGE
= 550 = 5.5 z -
—a —a VE — 55—
s C = Qa
> r > S - S C
= s5F = - . > N
C 5__ - 5_—
4.5 L L eemssaaa. -
E 4.5 B LT T e B TR I TR BN I N B 45—
4 -
I TR B R B B N R 4 — 41— .
3.5 o A AT e BT TR
I R T S A R R R - C
0.8 1 1.2 1.4 1.6 1.8 2 2.2 3.5 C 3.5 s
........................................................
P, (GeV/c) 08 1 12 14 16 18 2 22 08 1 12 1.4 16 18 2 22
P_. (GeV/c) p_ (GeV/c)

e |Vupl is extracted as a function of plep.

o |Vl = (3,794 + 0.107exp 4_'8:3?3 SE fg:ggg the'ory) '>< 103 (DeFazio and Neubert)

o |Vypl = (4.563 £ 0.126exp fg:ggg - jg:igg theory) w« 103 (Bosch, Lange, Neubert, Paz)

® |Vub| = (3915‘9“:‘: Olb;le;{P tg}gj SFE tggég theory) X 10_3 (DGE)
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Belle Il prospects of [Vl More Detail in Markus Prim

Talk

Improvement of experimental uncertainties expected in both inclusive
and exclusive determination

Mode and dataset Uncertainty (%) EXP. ONLY

Vbl exclusiv (tagged * Expect theory error to decrease to 1%
ub| exclusive (tagged)
Belle 3.8 for exclusive and 2-4% for inclusive
Pellells 2" e - Exclusive analyses (hadronic tags)~>
Belle 11 50 ab? 1.2

. perform clean and detailed exploration
|Vub| exclusive (untagged) .
selle > of exclusive b—>u modes spectra
Pellelsab” - - Untagged B->x | v competitive for IVl
Belle 11 50 ab? 0.9
|Vub inclusive (tagged) - Exploit at maximum the differential
Belle 6.0 distributions for a global Vyp fit
pelle 15 2b” > (inclusive measurement)
Belle 11 50 ab? 1.7
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® New B—D* | v tagged measurement from BaBar 2019 (BGL)
e |Vl x103= 38.4 +0.6 (BGL)

e BO—-D*|v untagged measurement from Belle,2018/2019 (BGL and CLN)
* Vel x 103 = 38.4 + 0.6 (CLN)
e |Vl x 103 = 38.3 +£0.8 (BGL)

® Shape parameters of dI"(A%, — A*, v, )/dq:

* D* polarisation FP" = 0.60 4 0.08(stat) & 0.04(sys)

e f(D9/D*0/D0) by LHCb

® Result of inclusive B— Xylv from BaBar

® Measurements are coming up from Belle on inclusive [Vl

e Belle Il will collect ~ 5ab-1 data by 2020, enough to look for NP

® Precise model independent measurement of Vel and [Vl
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Exclusive Vel from B - D*/v untagged

Source 2 B° — D* (") (%)

Slow pion efficiency

Lepton ID combined

B(B — D**{v) 0.002 0.001 0.002 0.26 0.52
B — D**{v form factors 0.003 0.001 0.004 0.11 0.22
f+=/ foo 0.001 0.002 0.002 0.52 1.06
Fake e/ 0.004 0.006 0.001 0.11 0.21
Continuum norm. 0.002 0.002 0.001 0.03 0.06 .
K/m ID < 0.001 < 0.001 < 0.001 0.39 0.77 CLN SyStematIC
Fast track efficiency - - - 0.53 1.05
NY(4S5) - - - 0.68 1.37
B lifetime - - - 0.13 0.26
B(D*T — D)) - - - 0.37 0.74
B(D° — Kr) - - - 0.51 1.02
Total systematic error 0.008 0.009 0.007 1.60 3.21
Source &g % af (%] aft (%] alt (%) al (%] nmewF)|Vwl| [%] B(B° — D*~ttv) (%]
Slow pion efficiency 0.79 9.59 5.61 4.46 0.18 0.79 1.57
Lepton ID combined 0.67 5.45 1.35 0.73 0.38 0.67 1.33
B(B — D**{v) 0.05 5.02 4.34 9.31 0.37 0.05 0.10
B — D**{v form factors 0.08 2.08 3.56 6.78 0.12 0.08 0.16
fi—/foo 0.56  0.46 0.50 0.48 0.56 0.56 1.05 BGL Systematic
Fake e/u 0.07 6.43 3.03 5.92 0.14 0.07 0.11
K/m ID 0.39 0.39 0.39 0.39 0.39 0.39 0.77
Fast track efficiency 0.53 0.53 0.53 0.53 0.53 0.53 1.05
N(Y(4S)) 0.69 0.69 0.69 0.69 0.69 0.69 1.37
B lifetime 0.13 0.13 0.13 0.13 0.13 0.13 0.26
B(D*t — D°r) 0.37 0.37 0.37 0.37 0.37 0.37 0.74
B(D° — K) 0.51 0.51 0.51 0.51 0.51 0.51 1.02
Total systematic error 1.65 13.93 8.69 13.77 1.40 1.65 3.26
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B — D™ r¢v hadronic tagged arXiv-1803.06444

BT - D nt¢tv BY = Dn 4w BT = D* nt¢tv B° —» D*'n (v
Charged PID 4.8 6.9 Charged PID 2.1 6.5
70 PID 1.2 6.0 7 PID 2.0 5.2
Tracking efficiency 2.6 3.6 Tracking efficiency 2.9 3.2
D** form factors 0.3 0.2 D™ form factors 0.2 0.1
D meson BRs 1.7 1.6 D meson BRs 1.8 1.1
B meson BRs 0.0 0.1 B meson BRs 0.0 0.1
Number of BB 1.4 1.4 Number of BB 1.4 1.4
Tag efficiency 4.6 3.2 I Tag efficiency 4.2 2.8 I
Y(45) BR 1.2 1.2 Y(45) BR 1.2 1.2
Combined 8.3 9.7 Combined 5.8 7.2

The table lists the relative uncertainties in the branching fractions in percent for each channel for the
combined fits. The last row gives the combined variation of all sources.
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D™ polarisation In arXiv:1903.03102

Source AFE )
Monte Carlo AR shape and peaking background +0.032
statistics CB shape +0.010
Background scale factors +0.001
Background B — D**{v +0.003
modeling B — D**rtv +0.011
B — hadrons +0.005
B — D*M +0.004
Signal modeling Form factors +0.002
cos Oy, resolution +0.003
Acceptance non-uniformity o082
Total .07
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Measurement of the relative B~ — D ID°ID™ u v, branching

fractions using B mesons from B’ Y2 decays arXiv:1807.10722

Source of uncertainty fpo f o

L OSK sample 0.025 0.027
Statistical Templates 0.047 0.052
Signal form-factors 0.006 0.004

Floating syst. Non-B~, BY backgrounds 0.004 0.004
B~, B background normalization 0.003 0.015

B fractlon and m? . shape 0.004 0.030

Fixed svst D**Y branching fractions 0.025 0.044
ROC BYSL. Relative signal efficiency 0.003 0.003

. +0.070

Total uncertainty 0.056 _0.074
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Measurement of R(D) and R(D*) with a

arXiv:1904.08794

semileptonic tac

TABLE 1. Systematic uncertainties contributing to the

R(D™)results.

Source AR(D) (%) AR(D™) (%)
| D** composition 0.76 1.41 |
Fake D'*) calibration 0.19 0.11
Biag calibration 0.07 0.05
Feed-down factors 1.69 0.44
|Efﬁciency factors 1.93 4.12 |
Lepton efficiency and fake rate 0.36 0.33
Slow pion efficiency 0.08 0.08
| MC statistics 4.39 2.25 |
B decay Torm Tactors 0.5 0.28
Luminosity 0.10 0.04
B(B — DWw) 0.05 0.02
B(D) 0.35 0.13
B(D™) 0.04 0.02
B(r™ — ¢ vw.) 0.15 0.14
Total 5.21 4.94
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B — pv  untagged at Belle arXiv:1712.04123

Source Uncertainty (%)
B — wl~ i, form-factor 0.9
B — pl~ v, form-factor 12
B~ — Kin~ 5.5
B~ = u v,y 0
Continuum shape 15
Signal peak shape 11
Trigger 3
B(B — 7l~ i) 3.4
Total 24.6
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B — nfv and B — n'¢v hadronic tagged Phys. Rev. D 96, 091102(R) 201

D
D
BELLE

Mode n — Yy n— rta x° Both n modes [n’ — n(yy)nTn
? [GeV? Al <12 >12| Al <12 >12| Al <12 >12 All
Track finding +0.35 +£0.35 £0.35|+1.05 £1.05 £1.05| £0.5 +0.5 0.5 +1.05
Photon finding +4.0 +4.0 +4.0 | £0.0 +0.0 +0.0 | £3.1 +3.1 =+3.1 +4.0
7 reconstruction +0.0 +0.0 £0.0 | £2.5 £2.5 £2.5| 0.5 £0.5 0.5 +0.0
7 veto +2.5 +25 +25|40.0 +0.0 +0.0|+2.0 +2.0 +2.0 +0.0
Pion ID +0.0 +0.0 +0.0 | +1.0 +1.0 =+1.0 |£0.20 £0.20 +0.20 +1.0
Lepton 1D +2.0 2.0 +£2.0|+2.0 +£2.0 +£2.0|+2.0 +2.0 =+2.0 +2.0
Lepton fake rate +0.36 ’:8}2 +0.11 fgég fgjg fgig fgjz +0.51 fggg “_Lig
Signal model +0.83 £0.75 +1.0 |£0.50 £0.70 +0.46|+0.88 +0.71 +2.0 +0.28
b — ulyv, form factors +1.1 £0.49 +0.72| 3% Tois U105y N7 R0 L4y
b — wlv, branching fractions t?)g?) +1.0 i}‘% t?)g‘é +0.05 fgf‘,: i?)f;@ tiZ ti’;‘ﬁ J_réz
b — clyy form factors To1s Toso £0.0 | Togs Toae £0.0| Iy, o, 0.0 023
b — clvy branching fractions |+0.14 +£0.80 +£0.29|+0.28 043 +018 14013 1064 02! +0.62
Secondary leptons FO08 012 0| 00T TR FO%R| 100 +0.08 1S 0
B(n") £0.50 £0.50 £0.50| £1.2 £+1.2 +1.2 [+0.50 +0.50 £0.50 +1.7
IHa_dronic tag +4.2 +4.2 +4.2 | +4.2 +4.2 +4.2 | +4.2 +42 +4.2 +4.2
N(BB) +1.4 +1.4 +1.4]+1.4 +1.4 +1.4]+14 +1.4 =+1.4 +1.4
Continuum Toan Toos ToZe | Tood tis Tofs |£0.47 +£0.83 Fi3 +3.9
Fit procedure +2.9 +9.8 +2.0|+6.3 +87 +9.6 | +2.2 +56 =+3.2 +5.2
Total +7.6 123 73| 38 4106 F13| 467 +87 fId ok
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Measurement of R(D) and R(D*) with a arXiv:1904.08794

semileptonic tag
B(B — D+T—D’T) B(é — D*_I_T_ﬂT)

= R(D*) = _ _
BB D7) WS BE S D) Whered =e.u

R(D) =

Signal: B%* s p®)r—, Normalisation: B+ _ p(*y—, B-tag: BY* 5 D™/

I|IIII|IIII|IIII|IIII|IIII
— Babar

FIrSt R(D) and R(D*) measurement a 0.42 LHCb Combination
with semileptonic tag = = Belle Combinand®s019 (Preliminary)
—— World Combination 2019
Most Precise Measurement till 0.38 - SMpredicion
datemt
0.34F

Results compatible with SM
expectations within 1.2 sigma
R(D) and R(D*) WA tension 0.3
reduces to 3.1sigma

I|III|III|III|,PII|III|III|II‘I\|III|III|III|I
I|III|III|III|III|IIIIII|III|III|III|III|I

0.26 . _— prdicton
] R(D) s = 0299 + 0.003
0.22 | | R(D") g = 0.258 £ 0.005
R(D) =0.307 & 0.037 £ 0.016 - 02 025 |03 035 04 045 05
R(D*) =0.283 +0.018 £0.014 R(D)
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B — nfv and B — n'¢v hadronic tagged Phys. Rev. D 96, 091102(R) 201

/
B — ntv B — n'fly,
N> 40 L . L ..Y.iellc.:l. .3.9| .:l.:.]:d T Y C\%) :' b | 'St M 'Il WL B L DL L DAL AL L B ':
To measure the G -t S 1of M L =
g 35 £ b clv g - (X3 b clv -
. . o tinuum S [ [ Conti -
I nCI u S Ive b _> u IV rate *3 30 E ::tato:lrlesonance ‘g 10 - —@— d:tr; :‘:l:;onance L -
(O] Q B -
> _ > B -
we must understand < = - o8 UKL RITE
Belle . Belle
1 i T 711 fb?
exclusive o
15 -
components. . i
= 0‘0:0:0:0:::::0:::0:0:::0 2f-
W e
nN—yy, T TTHImmT = TT 1 1
, z \E 2 :— ................................. ’ .................. . .................................................. . .
o S H [ 3
n'— Ty, Ny : 2 - aea L 2del He
< : LIPS 3
E— 0 1 2 3 , 4 ,5
M ,iss [GeV“]

BACKUP

B(B" - nttv) = (4.24+ 114 £0.35) x 107>
B(B" - n'¢'v) < 072x107* 90% C.L.

|Vib| = (3.59 4 0.585ta¢ + 0.135,6: 0 32,5..) X 107
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IVubl measurement at LHCb A, = puy,

arXiv:1503.01421

Missing neutrino momentum — B not fully reconstructed
Generally affected by much higher (x10) X, = X 1v backgrounds
Excellent u and p PID LHCb from RICH/Muon

precision vertexing and tracking used N

displaced p, vertex as signature in detector
High production fraction of Ay : ~20% of b-hadron

Normalise signal yield to a IVl decay A, = A, u7v,

cancels many systematic uncertainties — the production rate of Ap

Improved FF calculations from theory for A, = pu—v, and A, = A*; v, in high g°
reaion — there FF calculations from theorv are most precise

2.5

|Vub |2

dr'/dg?

Ny —=pp

3.0

o (ps 1 GeV?)

dr'/dg?
|Ves?

2.5}

Ay — Acp™ iy,

0 ) 10 15 20 0 2 4 6 8 10
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Analysis Strategy A\, — pPH v,

* Determine yields of A, = pp-vp and A, = (A*; = pKTT)UV,,
- Estimate relative experimental efficiency with high precision
+ Measuring B.F:

B(/\b—hD,UJ_ V,Lb)q >15 GeV?2

— (1 .00 = 0.04(stat) T 0.08(syst)) x 102

BAo =S 1™ V) 257 Gev?
with
B(Ap—pu~ vy) |Vub|2
B(Ap—AE = v,,) = RFF X Vo 12 with Rrr = 0.68 = 0.07
Implies

: W : = 0.083 4 0.004(exp.) £ 0.004(theo.)
Veb

using WA Vg, | = (39.5 + 0.8) x 1023 gives

V| = (3.27 £ 0.15(exp.) £ 0.16(theo.) £ 0.06(| Vgp|)) x 1073
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