
CKM 2016: WG2 Highlights

CKM 2016
1

Conveners:
Aoife Bharucha
Brian Hamilton
Florian Bernlochner



WG2 Parallel Sessions

●
b→cℓν

●
b→uℓν

●
●

●

Exclusive Vub 
(mostly)

Inclusive Vub 
(mostly)

Exclusive Vucb 
(mostly) 2

Exclusive Vcb 
(mostly)

Tau and leptonic 
sessions



Exclusive Vub

3



Experimental talk (LHCb) by Marcello Rotondo
● Reviewed LHCb’s 2015 Λb→pμν result
● Looked ahead at prospects for Bs→Kμν and the challenges there
● Exciting new technique to (partially) break the two-fold ambiguity in inferring 

the neutrino momentum at LHCb
● LHCb’s plans for B+→μμμν
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B-factories exclusive Vub overview by Matic Lubej
● Comprehensive overview 

of the many results 
available (see slides for 
many lovely fits)

● New ᫦→ᶢ᭧ᶟ 
B-factory+lattice+LCSR 
average for 2016 

● Reported on prospects for 
Belle 2, with hadronically 
tagged measurements 
catching up to the 
statistical power of 
untagged results
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Exclusive |Vub| from LCSR: Aoife Bharucha

The latest HFAG 
simultaneous fit uses 
two-loop  f+(0) from 
LCSR  
(AB 1203.1359)

Lower result for V
ub 

from the Bayesian 
analysis (Imsong, 
Khodjamirian, 
Mannel, van 
Dyk1409.7816)

New approach to 
choosing SR 
parameters. Fit BCL 
simultaneously to 
experimental and 
LCSR results.

New LCSR result for V
ub 

from B→ᶣlᶟ with 
comparable errors (AB, 
Straub, Zwicky 
1503.05534)

Use of equation of 
motion. Find good 
agreement with V

ub
 from 

B→ᶢ within errors 

6HFAG 2016 (B to pi lattice+LCSR): 3.65 +- 0.09 +- 0.1



Exclusive Vcb
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Exclusive Vcb from Belle - Christoph Schwanda

● B→D*+ℓν and B→Dℓν both updated to full Belle Υ(4S) dataset in 2016
● Both include differential measurements vs w (and angles for D*)

○ Fits in missing mass squared in bins of relevant kinematics -- fairly model-independent

B→D*+ℓν B→Dℓν
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Improvements from SR for Vcb: Danny van Dyk

(mainly parameter update)
Zero recoil sum rules still at odds with (some) lattice inputs

B → D MILC 2015 at ∼ 3σ tension, HPQCD 2014 compatible 

B → D∗ FNAL/MILC 2015 at ∼ 5σ tension, HPQCD prel. compatible 
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Lattice mini-review Vcb: Matthew Wingate

Harrison et al, Lattice 2016

➝
➝

➝

➝

 ➝  

 ➝
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Other b→c semileptonics - Patrick Owen

● Reviewed experimental status of b→excited charm states
● Important puzzle: 

○ Dℓᶟ + D*ℓᶟ + Dπℓᶟ + Dππℓᶟ < inclusive ᬃ, ᶞ rate
○ Dᶦᶟ + D*ᶦᶟ ≳ inclusive ᶦ

11



Semileptonic ᫦ᬁ on the lattice: Andrew Lytle
● Presented an approach to heavy quarks on the lattice, exploiting both HISQ 

and NRQCD with a fully relativistic formulation to extrapolate  ᬊᬁ≤ᬊh≤ᬊᬀ in fine 
lattices

● First target: understanding (hc) meson systems
○ Good control over full q2 of ᫦ᬁ→ᶙc form factors
○ ᫦ᬁ→᫮/ᶪ form factors are imidate output (nice for LHCb) with ᫦→᫨(*) in the future
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Inclusive semileptonics
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Experimental situation (b→u): Bob Kowaleski
● Despite inclusive-exclusive tension, results 

in different regions/techniques look quite 
consistent

● 2015: new BaBar result
● Message from experiment: fit sensitivities 

come from high El region regardless of cuts
○ Embrace the shape function region!
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Discussion of HQET Operators for b→u from Gil Paz
● No slides on indico! From my notes, so apologies if any errors or 

misrepresentations

● New systematic approach to writing down all possible HQET operators at a 
given dimension
○ Interested in objects like ͞᳂(ᬆ᫨ᶞ1 … ᬆ᫨ᶞn)᳂
○ Make use of:

■ PT Symmetry
■ Hermeticity
■ # of independent directions

○ To systematically expand in a basis of
■ ᫠ᶞ
■ ᬅᶞ1ᶞ2

■ ᶭᶞᶟᶣᶥ

● Presented all spin-dependent and spin-independent dimension 7&8 
combinations, as well as spin-independent dimension 9

● Hints at relationship between HQET and NRQCD EFT frameworks 15



NNVub: Neural networks for incl. Vub: Paolo 
Gambino

NNs useful and 
flexible tool to 
estimate Shape 
function uncertainties 
in B→Xulv. 
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At Belle-II can expect to bring inclusive Vub 
at almost the same level as Vcb. 

Learning @ Belle-II from kinematic 
distributions, e.g. MX spectrum, OPE 
parameters checked/ improved in b→ulv 
(moments): global NN+OPE fit 



Experimental status (b→c): Christoph Schwanda for Florian

● No new experimental results since 2010, but updated global fits in 2014/15
● New HFAG result for 2016:
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Improvements to inclusive Vcb: Soumitra Nandi
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The onset of SUPER-B 
(BELLE-II) factory will bring 
us to a high precision era 



Global Fit Strategy for B→XL: Frank Tackmann
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Global Fit Strategy for B→XL: Frank Tackmann
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Global Fit Strategy for B→XL: Frank Tackmann
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Leptonic B decays
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Experimental status and prospects: Youngjoon Kwon
● 2015 Belle semileptonic tag result for ᫦+→ᶦᶟ in good agreement with hadronic 

tag result - consistent picture of this mode emerging with excellent prospects 
at Belle2

● Beyond tau, Belle has a broad program of searches for ᫦+→᭧ᶟ, ᫦+→ᶕ᭧ᶟ, 
᫦+→᭧X0
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R(D) and R(D*)
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Experimental ᬀ→ᬁᶦᶟ: LHCb (Concezio Bozzi)
● 2015 LHCb measurement has similar central value to 2012/13 BaBar R(D*)
● Promising near term prospects:

○ ᫦→᫨*ᶦ[→ᶢᶢᶢᶟ]ᶟ
○ No obstacles to ᮆ(᫨) (only more complexity)
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B-factories ᬀ→ᬁᶦ[→ᶞᶟ͞ᶟ]ᶟ: (Marcello Rotondo)
● Since CKM2014, now have 3(!) new measurements from B-factories, two with 

leptonic taus:
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R(D) vs R(D*), Hadronic tag, 
leptonic tau

R(D*), Semileptonic tag, 
leptonic tau

● And we can expect good things from Belle-II



Belle result for ᬀ→ᬁᶦ[→ᶢ(ᶢ0)ᶟ]ᶟ: (Karol Adamczyk)
● New Belle result to measure R(D*) with hadronic tau decays exploits the 

angular information due to the single (left handed!) neutrino  in ᶦ→ᶢ/ᶣᶟ
● Hadronic Btag, fit in missing mass squared and EECL in two bins of tau helicity
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First measurement of the 
polarization in 
semitauonic decay!
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http://www.slac.stanford.edu/xorg/hfag/semi/summer16/main.shtml

http://www.slac.stanford.edu/xorg/hfag/semi/summer16/main.shtml
http://www.slac.stanford.edu/xorg/hfag/semi/summer16/main.shtml


New physics search in B → D(∗)τν: Andrey Tayduganov
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2HDM-III with MSSM-like Higgs potential and FV in up 
sector can explain R(D/D*) 
R(D/D∗) and RK can be explained simultaneously by LQs
 τ and D∗ polarizations/q2 dependence of dΓ/dq2 and 
RD(∗) (q2) / angular observables can be useful in 
distinguishing among NP scenarios.



᫶᫨ ᫶᫨∗ 
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⅙

• RK
NP < RK

SM 

RK*
NP > RK*

SM

• RD*
NP > RD*

SM

• 
ν 31
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Leptoquarks in SL decays: Suchismita Sahoo (Monday)

ν in the non-commutative SM: Selvaganapathy J
Several models e.g. 2HDM , Leptoquark to explain RD and RD∗ measurement
NCSM can also explain deviation without introducing any additional particle
Preliminary results: Noncommutative scale near 350 GeV to 600GeV 



Wrapping Up
Many thanks to:

○ Our speakers
○ The conference organizers
○ The LOC 33


