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need deeper understanding of th. and/or exp't uncertainties

— theory side : form factors (FFs) describing non-perturbative QCD effects
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treatment of heavy quarks - simple renormalization
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relativistic approach *

— chiral symmetric action for all quarks og——

- no matching, automatic renormalization a” x 100 [fm’]

- simulate my < 0.7a, extrapolate to my, ., .

independent calc.s w/ very different systematics = solid prediction
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- singular correlation matrix = SVD cut, shrinkage < Fermilab/MILC
- one-loop radiative correction ny is explicitly included (Neubert '92)

* Op+p, = 0.53(8) (Fermilab/MILC "14) = small systematic error

- & - expansion : better convergence for light quark obs. (JLQCD '08)

« O((w-1)/m,) for h,y, h, & Luke's theorem 90 ; include O(1/m,?)
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2 - input: g,.,. ! INputs
—— input: m_, a, mq/ gD*Dn
/ =—p inPUt: mb ’
I 4 — fitform: g, ] | =
n—— - 7
- - — = fit form: M > polynomial COft.
Il e ——— = e fit form: M, ? add higher order
______________ 5 q
i _____..-_-::j'_..": — 7~ fit form: a” ) remove poorly
o RO = HEOHts i, determined term
e g L L L L e e e —] e . 3
o S fit form: w )
e FVEs - small by 2L's
900 1.05 1.10



uncertainties

JLQCD (individual error)

#FF#
| ##‘Fﬂ B
_——ﬂ
i N
Sl ST e
i B A et e e e e e g o —
o -t =
— — — I
PUO 1.05 1.10

Fermilab/MILC (accumulated error)

Statistics
Discretization
Extrapolation
HQ Mistuning
LQ Mistuning

Isospin
Matching
Scale setting

Finite Volume

- 3.0

Errors (%)



uncertainties

JLQCD (individual error) Fermilab/MILC (accumulated error)

3 T T I I | I T T T I ] ] ] L 3.0
Statistics Isospin
Discretization Matching
Ah W) 51 mm Extrapolation Scale setting
Aj_ HQ Mistuning I Finite Volume
LQ Mistuning
- 2.I‘
L — 6 - °
5 S
i / ':?N_r ﬁ
-~ = 5
——7 54 F2.0 5
——— — _
—
]. [— —— — — = =
_________________ L 1.5
= i == 2 7
=F - St = |
A S B el N St i S SR 1.0
b T Eadl
9 PR s e B = - 0-+— . T . 8 8
.00 1.0 1.10 1.00 1.05 1.10 1.15
w v

- h,y : largest uncertainties — statistics and discretization — but 1-2 %
mild a, m, dependences = O(1) or less ¢, = controlled extrapolation

. other FFs : larger and more dominant statistical error



BGL parameterization of FFs
synthetic data @ a=0 and physical mg’s

T T T T T T T T T T T T | T T 04 | T T T T T T T T T T T
6.0 — i
_ f(w) ] | g(w)
I 03k
sob - JLQCD % - —-= JLQCD
: O Fermilab/MILC 21 - O Fermilab/MILC 21
| I I 1 I | I I 1 1 | I I I I | I I non"n | 1 | | | | | | | ! | ! ! !
20 | T T T T | T T T T | T T T T | T T 2.5 | T T T T | T T T T | T T T
- - F(w)
18— -
L 2.0+
16~ -- JLQCD % 7 r == JLQCD
- O Fermilab/MILC "21 & - O Fermilab/MILC "21
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
1.00 1.05 110 RE LS00 1.05 110

W W



BGL parameterization of FFs
synthetic data @ a=0 and physical mg’s

T T T T T T T T T T T T | T T 04 | T T T T T T T T T T T T | T T
6.0 | i |
_ f(w) | g(w)
' 03+ § —
sob = JLQCD % - —-—= JLQCD
: QO Fermilab/MILC 21 - O Fermilab/MILC 21
| I I 1 I | I I 1 1 | I I I I | I I non"n | 1 | | | | | | | ! | ! ! ! ! | I I
20 | T T T T | T T T T | T T T T | T T 2.5 | T T T T | T T T T | T T T T | T T
18— — -
- 20 -
16 -— JLQCD % 7 - -~ JLQCD % |
- O Fermilab/MILC "21 & - O Fermilab/MILC "21 .
| 1 | ] ] | ] ] 1 I | 1 ] | | | 1 | | | | i i | i i | | | | | | | | | |
1.00 1.05 110 RE LS00 1.05 110 115
W W

« relativistic FFs from HQET FFs
« Fermilab/MILC : w = 1.03, 1.07, 1.17 (more data available on arXiv)
« JLQCD : w = 1.000, 1.050, 1.100 ( f), 1.030, 1.065, 1.100 (other FFs)



F(w)=

BGL parameterization of FFs

Boyd-Grinstein-Lebed parameterization ‘97

P (

1 < Fon
z)¢F(z)Zn:a”Z , 2

q2
_\/W+l—\/§ J (MB+MD*)2

CJwHl+42

A A

N K==

(MB—MD*)Z




BGL parameterization of FFs

Boyd-Grinstein-Lebed parameterization ‘97

F(w)=

Pe (2) e (2)

JLQCD :w = [1.0, 1.1], g% =[13.0,10.7] — z =[0.000, 0.012]

Baschke factors Pg, outer functions ¢ :

Ne
> arz,
n

2] A

NN, kil (M,

T w2

_+—)

(2

‘x—->

same as Bigi-Gambino-Schacht 17

& hadronic susceptibilities ¥ from lattice QCD : Martinelli et al. ‘21
w/ a kinematical constraint ‘F;(1) = (Mz-Mp.) f(1)
JLQCD : w/o unitarity constraint

employ quadratic fits :

JLQCD : preliminary

Ng Ny Ny, Ny = 2



BGL parametrization of FFs

coefficients &, x10 a, x10 ad x10 a’ x10
JLQCD e o — o
Fermilab/MILC —— —a— HH ——
SISTIS TS 20700 20 20 25 30 35 20 00

. consistent within 2o or so in spite of very different systematics
- JLQCD tends to favor smaller normalization and slope for f and g (h,; and hy)
- JLQCD's analysis together w/ experimental data in progress

2
a’t x10° a’2 x10 a’? x10
0.0 ) . T I PR LI TR T FE A B I LONE I E S A T
—o— o —n—
- - ——
B SR e

. = 20 consistency also for ‘f; and F,
- data for F, available = B—D®)ty, R(D")



Fermilab/MILC : impact on SM test

simultaneous fit to lat.+exp. data

0.0014
Joint Fit

Lattice QCD x|V
Belle untagged, e~
Belle untagged, p—

¢
0.0012 -
Al +
% _k ¢ BaBar synthetic
= 0.0010 ‘%
2 0.0008 *
)
N
-
= 0.0006 étﬁ
o)L
=
0.0004

lat. "0.70" © exp. "0.34"

0.0002
1.0 1.1 1.2 1.3 1.4 1.5

W
V| = 38.57(0.78) x 103

. consistent w/ previous exclusive calc.
= |V | tension still remains ...

- slight tension in slope b/w lat. & exp.??



Fermilab/MILC : impact on SM test

R(D®) from lattice QCD, and + exp.

simultaneous fit to lat.+exp. data

0.0014

0.0012

0.0010

0.0008

0.0004

0.0002

Joint Fit
¢ Lattice QCDx|V,|
4 Belle untagged, e~
4 Belle untagged, p~
¢

BaBar synthetic
R#%ES_

lat. "0.70" © exp. "0.34"

1.0

1.1 1.2 1.3 1.4 1.5

W

V| = 38.57(0.78) x 103

0.36 1

0.34 1

0.28 1

0.26 1

0.24

. consistent w/ previous exclusive calc.

= |V,| tension still remains ...

- slight tension in slope b/w lat. & exp.??

HFLAV Average
-+~ Lattice-QCD form factors
—+J+~ Joint fit form factors

_]_

HH

0.250 0.275 0.300 0.325 0.350 0.375 0.400 0.425 0.450

R(D*) = 0.266(14)

- purely theoretical estimate
. c.f. w/ exp. 0.2484(13)



beyond SM

B — D{v tensor FF (M. Faur [Paris ENS, internship] + Kou + JLQCD)

Normalized tensor form factor

<D(p’) B(p)>='(v’“v“ —v’Vv“)hT (w)

v extraction of tensor FF

wv

v continuum chiral extrapolation

v systematic uncertainties

| - renormalization in progress

h; (W)/ h; (1) VS W T. Ishikawa @ Lattice

0.7 1
Total error

—— Systematic error

— Tensor form factor . 10% stat. and 10% sys. errors
0.6 1 Tanaka, from h+ and h- lattice values

—— Melikhov with Mv = 6.74 GeV .

consistent w/ phenomenology

1.00 1.02 1.04 1.06 1.08 1.10 1.12
W

useful input for BSM interpretation of B anomalies



Summary

recent progress on B—>D™)¢y FFs from lattice QCD

. two independent calculations of B—>D*¢v FFs @ w>1

Fermilab/MILC 2105.14019; JLQCD on-going

very different systematics : EFT and relativistic approaches
mild a, m, dependences = controlled extrapolation

~ 26 consistency in FFs

can be improved
+ Fermillab/MILC : more realistic N;=4 ensembles
+ JLQCD : higher statistics / finer lattices

- BSM FFs for NP model interpretation of B anomalies
. JLQCD B—D¢v tenor FF / expect more for the future
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