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Unitarity Triangle and |Vcb| 
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Angles and sides have been measured to a high 
precision.
 
Important to measure sides and angles as New 
Physics could appear in discrepancies in 
measurements Sin2β known to within ~2%
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Measurement Methods and Current Status
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Can measure through 
Inclusive decays: sum over all hadronic final states
Exclusive decays: reconstruct Xu,c

Exclusive vs. Inclusive measurements: lower signal efficiency, 
better background rejection, measure as a function of q2, BUT 
need Form Factors to describe hadronization process

Exclusive measurements systematically lower than inclusive 
for both |Vub| and |Vcb| by 5% - 10% (~3σ)

Explanations: Experimental or theoretical? Perhaps even New 
Physics.



Decay Rates and Form Factors
In	the	massless	lepton	limit	,	0Β → Dl'4υ(	amplitude	depends	on	a	single	vector	
Form	Factor	f+	(scalar	f0	Form	Factor	becomes	relevant	when	ml	>	0):
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Form Factor sometimes written as 𝐺(w)4 = 9:
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There are different methods of expressing the Form Factor parameterisations:
CLN:  𝐺 𝑤 = 𝐺(1)(1 − 8𝜌84𝑧 𝑤 + (51𝜌84 -10) 𝑧(𝑤)4 − (252𝜌84 − 84)𝑧(𝑤)3)

BGL: 𝑓= 𝑧 = "
>, ? ,A, ?

∑%BCD 𝑎%= 𝑧%  𝑖 ∈ {+, 0}
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CLN: 𝜌$%  and G(1) free parameters
BGL: 𝑎&'  free parameter, N = 2 or 3
𝑃' 𝑧 , 𝜙' 𝑧 	supplied	by	theory.

https://www.sciencedirect.com/science/article/pii/S0550321398003502?via%3Dihub
https://arxiv.org/abs/hep-ph/9508211
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BaBar at SLAC PEP-II: 1999 - 2008
• Asymmetric beam energies nominally colliding  3.1 GeV e+ and 9.0 GeV e- at (mostly) the Y(4S) resonance
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Tagging and selection
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Yhad system: charmless light hadrons
|ΔE| < 72 MeV
mES > 5.27 GeV

𝑞 = 	𝑝!!"# − 𝑝"

Btag     Btag     

𝑚!" = 𝐸#$%&∗( − 𝑝)%*∗( Δ𝐸 = 𝐸)%*∗ − 𝐸#$%&∗

arXiv:2311.15071

Signal-side decaysK



Background Subtraction
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𝑈 = 𝐸&+,,∗ − 𝑝&+,,∗

 = 𝐸-∗	−𝑝-∗

arXiv:2311.15071

Background distribution dependent on q2 and cos𝜃l
Step 1: Perform fits to simulation to observable U in bins of q2 and cos𝜃l for the 10 signal modes. 
Step 2: Fit to data with fixed parameters for tails, other parameters allowed to float

Sum of all 
signal modes

Signal Background Data

Mode 0

Mode 0 Mode 0



Binned and continuous fitting
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arXiv:2311.15071

Rather than use a binned distribution, the analysis uses:

 𝑔'1% = ∑234& 5!
" 65!

#
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%

	 (n=2, 𝑟8$ = 10	𝐺𝑒𝑉%, 𝑟!9:;% = 2)
Fit the Nc=50 nearest events, and extract a Q-factor:
𝑄' =

<"(>")
<" >" @A"(>")

  ⇒ Total	yield, 𝑦 = 	∑'𝑄'



Boyd-Grinstein-Lebed BGL results
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arXiv:2311.15071

Different 
background 
approaches



Boyd-Grinstein-Lebed BGL and HPQCD comparisons
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arXiv:2311.15071

Little difference in N=2 and N=3 
BGL expansion

Bs➝Ds distribution: comes from HPQCD [PRD 101, 074513 (2020)]
B➝D distribution: from this analysis.
If SU(3) symmetry perfect, should agree.  Mostly agree.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513


Lepton Universality
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HFLAV 2023 average  R(D)= 0.357 ± 0.029
Standard Model prediction e.g: 0.300 ± 0.008
This result: 0.300 ± 0.004

arXiv:2311.15071

𝑑Γ
	𝑑𝑞# = 𝑓(𝑞#, 𝑓$/&# , 𝑚'

#)

Can write differential decay rate as function of 
q2, Form Factors and lepton mass

https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/html/RDsDsstar/RDRDs.html
https://arxiv.org/abs/1902.08191


Summary
• First two-dimensional, unbinned angular analysis (q2, cosθl) for the process 0Β →
𝐷𝑙'𝜐̅7  using a novel event-wise signal-background separation technique.
• Shows the lepton helicity distribution follows a sin2θl distribution as expected by 

Standard Model.
• Fits to BGL and CLN Form Factor parametrisations have been performed.
• |Vcb| = (41.09 ± 1.16) x 10-3. This is closer to the inclusive value than the 

exclusive value from 0Β → D* 𝑙'𝜐̅7
• R(D) = 0.300 ± 0.004 agrees with SM prediction. HFLAV 2023 value = 0.357 ± 

0.029.
• To be published soon.
• More results to appear this year.
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Caprini-Lellouch-Neubert (CLN) results
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