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⇒ this talk:  preliminary results
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simulation setup
fully relativistic lattice QCD

w/ Möbius DW heavy quarks
• simple renormalization
• mQ < mb ⇒ need extrapolation

mQ / mc = 1.25, 1.252, …
and mQ < 0.8 a-1

independent calculation w/ (very) different systematics

1 3.6GeVa− =

1 4.5GeVa− =



B→D(*)ℓν form factors
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ratio method (Hashimoto et al. ’99)
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excited state contamination
sequential source

⇒ source-sink 
separation Δt+Δt’
fixed

4 values of Δt+Δt’ ⇒ confirm ground state saturation
⇒ simultaneous fit to extract FFs

larger Δt+Δt’
• smaller excited 
contamination

• poorer statistical 
accuracy

1 ~ 4.5GeV,  ~ 300 MeVa M−
π

( 0.7 – 2.0 fm )



continuum + chiral extrapolation
simple form based on NLO HMChPT (Randall-Wise ’92,  Savage’01)
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gD*Dπ ~ 0.53(8) (Fermilab/MILC ’14 ← Becirevic-
Safilippo’13, Can et al. ’12, Detmold et al. ’12)

Δc = MD*-MD = expt’

preliminary analysis : statistical error only



B→Dℓν form factors

 mildly depend on a, Mπ, ms, mQ ⇒ ≥ 50% error except c, cw, cb (h+)
⇒ in reasonable agreement w/ FLAG4 (Aoki et al. ’19)

 typical statistical accuracy:   Δh+ ≤ 1 - 3%,  Δh- ≥ 50 %

h w+  vs h w−  vs 
FLAG’19, phys. pt.



B→D*ℓν form factors
1Ah w vs Vh w vs 

 mild a, Mπ, ms, mQ dependence ⇒ ≥ 50 % error except c, cw , cb

 typical statistical accuracy:   ΔhA1 ~ 1 - 2 %,  ΔhV ~ 2 - 3 %
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B→D*ℓν form factors
3Ah w vs 2Ah w vs 

 hA1, hA3, hV (→ξ) ~ O(1),   hA2 (→0) ~ 0

 typical accuracy:   ΔhA2 ≥ 50 %,  ΔhA3 ~ 20 %
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B→D*ℓν differential decay rate
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phenomenological parametrizations

compare lattice data w/ HQET, BGL, CLN analyses
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R1 = hV / hA1

new data @ a-1~4.5GeV w/ 5 mQ’s

consistency among LQCD, BGL, CLN, HQET

our data favor the 
CLN results

LQCD vs BGL vs CLN vs HQET

w/ Belle tagged ‘17
BGL vs CLN, HQET

Bernlochner et al.
Bigi et al.
Grinstein-Kobach

Gambino et al ‘19
tagged+untagged



LQCD vs BGL vs CLN vs HQET
R2 = (rhA2+hA3) / hA1

less accurate, but consistent w/ BGL, CLN, HQET

no big difference 
among CLN, BGL, 
HQET...

larger uncertainty
from hA2, hA3



hA1

10% difference in normalization, but not FF shape

hA1 [B→D*]  / f+ [B→D]

not necessarily
imply |Vcb| tension
→ normalization
is fit parameter

LQCD vs HQET

used to derive 
CLN param. for hA1

V1, hA1/V1 ⇒ hA1
NLO HQET

assume 100% uncertainty 
for sub-leading IW func.s

lattice QCD



Summary
B→D(*)ℓν form factors from relativistic QCD

 several source-sink separations :  good accuracy

 small a, mb, Mπ, ms dependence → controlled extrapolation

 consistency w/ NLO HQET, CLN and BGL (except hA1 / f+) 

 extension to BSM form factors : on-going

 wide applications to B physics w/ relativistic b quarks 
• J. Koponen (Mon 16:30-) : B → πℓν
• G. Bailas (Tue 14:40-) : B→Xcℓν, D**ℓν
• K. Nakayama (Tue 15:00-) : B → Kll
• T. Ishikawa (Mon 16:50-) : NPR of bilinear / four fermion
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