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Background

FLAG 2024
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Experimental situation is a bit different now...
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Form factors contain nonperturbative information
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Definitions

« Form factorsfo,fu,fl can be obtained directly from matrix elements

D,|VO|B,)
2) 70 D8 -
fH(C]) 1% \/ZMBS
1 (Ds|V*|Bs)
) = Zyi — 2 =
fi(g”) sz \/QMBS
My — 1NN,

fO(QQ) = ZmZ4s <D8‘S‘BS>

2 2
MBS —MDS

. /. is constructed from linear combinations
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Definitions

e Consider all possible constructions

Pty = (M) (1 ) e + (B ) Bl

V2Mp My — Ep)? My —Er ) 2Myg
f+(q®) = ﬁin 1@+ (My — EL) f1(q%)],
fo(q*) = ngﬂg (My — EL) fi(¢*) + (Ef — M}) f1(¢%)].

e There is a preferred order taking continuum limit based on angular
momentum
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Simulation Details

e 2+1+1 Flavor Highly Improved Staggered Quarks (HISQ) in both
valence and sea

Follana et al., Phys. Rev. D 75, 054502 (2007),
arXiv:hep-lat/0610092

o Discretization effects begin at @(as(am)z)

o Valence heavy quark is varied from 1.5m_to m,

. Final state varied from 0.9m_. — 1.1m.

e Analysis is blinded (£5 % shift)
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Ensembles

B 2—=0.09 fm B o—0.04 fm
B o—-0.06 fm N 2=0.03 fm

. = 1000 configurations

% Physical point
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Simulation Details

~ a N3 x Ny m mp /Mg wo/a Ngre X Neonfigs T/a

fin]

0.088 643 x 96 physical 0.9.1.0.1.5,2.0 1.9579(04) 24 x 980 {14, 15, 17, 20, 21}

0.088 483 x96  m./10  0.9,1.0,1.5,2.0 1.9391(13) 24 x 697 (16, 19, 22, 25

0.088 323x96  my/5 0.9,1.0,1.5,1.75,2.0, 1.9033(14) 24 x 1006 (14,15,17,20,21}
2.25.2.5.2.75

0.057 963 x 192 physical 0.9,1.0,1.1,2.2,3.3,44  3.0119(19)  32x 877 {25, 28, 30, 34, 37}

0.057 643 x 144  m4/10  0.9,1.0,2.0,3.0,4.0 2.9478(31) 36 x 916 123, 30, 34, 37}

0.057 483 x 144 Mg /5 0.9,1.0, 2.0, 3.0,4.0 2.9041(58) 30 X 823 {23, 30, 34, 37}

0.042 643 x 192 Mg /5 0.9,1.0,2.0,3.0,4.0,4.61 3.9036(15) 24 x 1008 {34, 39, 45, 52}

0.042 1443 x 288 physical 0.9,1.0,2.0,3.0,4.0,4.61 4.0366(19) 24 x 1170 (34, 39, 45, 52}

0.03  963x288  m./5  0.9,1.0,3.0,4.0,4.58 5.2285(98) 24 x 1002 {38, 43, 50, 55 }
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Two-point Correlators @ 0.06 fm

| o
10_1 . .. 101 ‘ ) 1.4 -
10—4 | 100 3
1077 1 % 10~
_ wn
51071 - 2
— S ®@ n“=040
Q10712 - q)
Q g 1073 2
—16 |
10 = ] O T, — 1
107 4
10719 -
10—22 | 10_5 ‘ ' n2 : 2
10V - 2
®@ n°=0
1073
@ n’=12
— 1077 ;CZ 10° 2
= % ©O n* =9
Q) 10~ o
S o @ n’=16
10 g n —
10—18 Z
1074
102

E Akhil Chauhan




Correlator Analysis

» Bayesian fitting procedure
 Maximize information obtained from correlation functions

- Perform stability analysis to obtain 7,;,, Ngec> 1y,

0.6068 E} I 1.04-

I A }} e

§ { E { _|§_ 1.01 A

i 0.6065 - E { { Ci% .

S { ~ 0.

S 0.6064 A { 100
™ it fi{{{}{ll}}} -
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Correlator Analysis

» Construct ratio of two- and three-point functions

~S 2.0
mp — M, Cy _p (t,T,p)
RO(thv p) — 2\/MH3EDS <M2 — M2 ) P P ~
H. D, \/ODS (t7 p) CHS (T _ t) e—EDSte—MHs (T —t) /54
-
N 1.5

* Fit two- and three-point functions =
simultaneously to obtain <
matrix elements %05

See N. Cassar talk for more details on fitting and excited states™
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Form Factor
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Chiral Continuum Limit

Co

d
P E) —
Wy fP( ) w()(E—|— Aa;y,P)

1+ T+ CIX1 T CsXs T CcXC T CHXH + CEXE

-+ Cj2 XZZ + Cis X1 Xs T CSQX§
+ ClHXIXH — CIEXIXE -+ CsHXsXH + CsEXsXE
+ CHQX%_[ + CHEXHXE T+ CE2X2E

+ceaXe + CCEXCXE + COHXCXH + CeXiXe + CsoXsXC

_|_5f(a,—|—h—|—c) |

artifacts

NLO NNLO
tree X (1 + + 5analytic + 5analytic + 5artifacts) ‘

See Backup for explicit expressions™
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Chiral Continuum 5, — D,
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B 2=0.09 fm
Bl --0.06fm
Bl --0.04fm
B 2—=0.03fm
Bl continuum




Chiral Continuum B — D
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Z-expansion

e Take N = 3 synthetic data points and apply conformal transformation

Vit — ¢ =V =T

Z(QQ, tO) —

\/t+ o (]2 + \/t+ - t() Boyd, Grinstein & Lebed, Nucl.

. Phys. B 461, 493 (1996),

 Choose optimal 1, arXiv:hep-ph/9508211

] . Bourrely, Caprini & Lellouch,
 Explore both BCL and BGL parameterizations Phys. Reu. D 79, 013008 {2009),
£l T
Re(e?) EFL—(;)
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BCL parameterization

e Simpler choice of outer function

1 M-—1
fo(z) = 1 _ QQ(Z)/M(%_I_ 2y bz,
Fi(e) = g 3 an (7 = 21y
" 1 —¢?(2)/M7_ —= N

e Unitarity constraint given by

Z ng t() t() CLk (t()) 1
7,k=0
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When all 1s said and done...
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fo: z-expansion |
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Phenomenology
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Experimental Status

e B> D{v
e Results are pure IsoQCD. Need to include isospin breaking and QED
e Experimental data from Babar 2009, Belle 2016, Bellell 2025

10 bins of w translated into q2

B. Aubert et al. (BaBar Collaboration), Phys.Rev.Lett.104:011802,2010,
arXiv:0904.4063

® CO rre I at | O n m at rl CES p rOVl d e d Glattauer et al. (Belle Collaboration), Phys. Rev. D 93, 032006 (2016),

arXiv:1510.03657.
Belle Il Collaboration, Phys. Rev. D 112, 112009 (2025),

o B S —> Dsf L arXiv:2506.13842 (2025).
 No binned decay rates available

e« Can combine with B = Dfv

E Akhil Chauhan




Isospin Breaking & QED

| -
e Include valence correction only 0.2 mm 4,
» Sea effects are negligible 0. BsTD
S 0.
4+ (1 _ fneutral j ccharged =
. Increase errors by *=(1 10 /f+,() ) 5 00-
b)
« QED (TBD) c% —0.1 -
Preliminary
—0.2 -
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Joint Fits
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Phenomenological Results

¢ ‘ Vcb‘
e Current status: approx 1.5% uncertainty

e Experiment > Lattice > EW > Isospin Breaking

e R(D), . approx 1% uncertainty
e R(D,),,, = approx 0.5% uncertainty
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Vector Final States
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Extend Operator Structure

o Structurally the same as P — P, additional spin taste operators for
additional form factors

Om(s) Oy O Matrix element
YoYs @V2¥3 V3D Y3 V2 @2 (H'|Vi|Hs))
Y5 & Vs 71 ® 1 V5 & Vs (H'|P|Hs))

V5 @ Vs 3R v3 V3V DV3Y5 { )
V5 & V5 Y1 QY1 Y175 @ V175 ( )
VY5 @273 B3RY3 M2 ®y2  (H'|Ti2|H)
( )

( )

Y0V ®V1Y3 N1 ® 1 Y27Y3 & Y3
Y5 & V5 Y3 X Y3 YoY2 @ VY375
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Current Status
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FNAL-HISQ

e Concurrent campaign using Fermilab heavy quark
« Heavy to Heavy analyses done by A. Vaquero

e Heavy to Light analysis done by H. Jeong

® 1000 conts x src

0.06 0.09 0.12 0.15
a(fm)
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B — D¥
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Outlook

e Able to obtain percent level form factors over entire kinematic range
e Currently combining with experimental data for phenomenology
e Finalize error budgets
e Additional
e Spectator dependence
« Comparison with previous results

e Publication by end of year
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Backup Slides
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Nonperturbative Renormalization

4.0 A1
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Expansion Parameters

(M;im)Z B CLQA
— Lg2 — 9
= TR f2 Sm2wj f
sim G 2
(M) = (MEPT)? T = —amp,
Xs = 372 f2 ) (s
" 2
E T. = —ame
XE — 9 T
MD( )

- ApqQer  AHQET
XH = Mfsim MPDG’

- Apqer  AunqgEeT
XC = Msim MPDG
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Stability Analysis

g2 =5.78 GeV? g2 =8.09 GeV? g2 =10.40 GeV?

Base -

Continuum Logs -

LogLess -
N3LO -
©(a?) discretization-
LO prior 10x -

prior width 2x -

linear shrinkage 0.5 -

linear shrinkage\2\
omit 0.09 fm {

omit 0.03 fm -

0.800 0.808 0.816 0.824 0.8580.8640.8700.87®.918 0.924 0.930 0.936
st_’Ds
0
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_|_ —_—
by — pp
. Leading source of uncertainty from |V, |

BR(BY — putu~) =BR(B, = X)

.fq is a fragmentation fraction (probability for b-quark to hadronize into a

Bq meson)
- - - 2
fs TRBO epr Np_~ 1 (S)(MQ)
— =0.0743 x X — | X S pat m
fd TRO €D.7 Npk . NaNF NF (d) M2 .
7 L J0 ( K)_
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|Vcb|

e Current status: approx 1.5% uncertainty

e Experiment > Lattice > EW > Isospin Breaking
« QED?
o FLAG 2024:
.B— D¢y |V, |=40.0(1.0)x 10~
e 2.5% Uncertainty
. Global fit |V, | = 39.46(53) x 10~
e 1.3% Uncertainty
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I\ (D (S))lat

e Current status

e R(D),,, = approx 1% uncertainty

e R(D,),,, = approx 0.5% uncertainty
e Flag 2024
e R(D),,,=0.2938(54)
e 1.84 % Uncertainty
e R(D,),,, = 0.2987(46)
e 1.54% Uncertainty
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B, - D/v

e Experimentally binned differential decay rate not available

. Two g* bins for (BB, = K)/AB(B, = D,)) available to obtain
‘ Vub ‘ /‘ Vcb ‘

. 10 q2 bins for B, — K will be available O(1 year) <- N. Cassar

e Can be used for other phenomenological applications
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