Semi-leptonic decays on the lattice

Oliver Witzel

Universitat P Y Centerfor
Siegen p ) Particle Physics

Siegen

a—

¥ i

Heavy Flavours — Quo vadis?
Ardbeg, Islay, Scotland - Juni 22, 2023



introduction b — u b — c summary
®000000 0O0000000000000O0000 00000000

Motivation: CKM unitarity triangle
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| Vub| and ‘ Vcb| FLAG2021 [FLAG 2021]
» Leptonic decays B(t) — 0Ty, 45 BoD*
experimentally difficult B-D inclusive

— Only BY — 7tv, measured (large error)

™

» Semileptonic decays preferred =
— Exclusive e.g. B — wlv %
— Inclusive e.g. B — X, v >
— B, Bs, Ny initial state

» Longstanding tension between 3

exclusive and inclusive determinations

C
I\Pal\ | | |
— Novel ideas for inclusive lattice calculations 36 38 40 , 42
[Hashimoto PTEP(2017)053B03] [Hansen, Meyer, Robaina PRD96(2017)094513]  |Vebl X 10

[Bailas et al. PTEP(2020)043B07] [Gambino, Hashimoto PRL 125(2020)032001]
[Barone et al. arXiv:2305.14092]. . .

44
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Cabibbo-Kobayashi-Maskawa (CKM) matrix

Vie Vs Vi [0.97370(14)  0.2245(8)  0.00382(24)] [PDG, Workman et al. PTEP (2022) 083C01]
Vg Ve V| =| 0221(4)  0.987(11)  0.041(14)
Vie Vis Va | 0.0080(3) 0.0388(11)  1.013(30)
[0.014 0.35 6.3 » Heavy sector less well explored
OVaml _ "1 11 % i
Vo] . . 0 compared to light sector
| 38 28 30 » Large experimental efforts:
LHCb, Belle I, BESIII, ...
T — v K — tv B — wlv . .
» Typical nonperturbative
K — wly
Vida Vs Vb LQCD calculations to extract
Vea Ves Veo| | D=ty Di= ity B = Dby CKM matrix elements
Vie Vis Vi D—nlv D— Klv — ] )
_ _ » Why is the uncertainty for | V|
By <> Byg Bs <« Bs and so large?
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Heavy flavors on the lattice

00000000

|
» Quark manes

up ~ 0.002 GeV charm ~ 1.25 GeV
|

top ~ 175 GeV
\
\

\
down ~ X{.OOS GeV e strange ~ 0.095 GeV
\

bottom

~ 4.2 GeV
» Lattice simulations have a cutoff a—

1

quarks require am < 1i.e. m < a~!
— Typically a=! > 2 GeV = Mcharm

S a_l ,S Mpottom
— Charm but in particular bottom quarks require special considerations
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Simulating heavy flavors

» Traditionally: simulate charm and bottom using
— Heavy quark effective Theory (HQET), Non-Relativistic QCD,
Relativistic Heavy Quark (RHQ, Fermilab, Tsukuba)
— Allows to simulate charm and bottom quarks on coarser lattices
— Additional systematic uncertainties, partly perturbative renormalization, ...
— Few percent total errors

» State-of-the-art: simulations at a=! > 2 GeV
— Heavy Highly Improved Staggered Quarks (HISQ), Heavy Domain-Wall Fermions (DWF), ...
— Same action for light (up/down/strange) as for heavy (charm/bottom) quarks
~ Simulate heavier than charm and extrapolate
— Fully nonperturbative renormalization straight-forward, reduced systematic uncertainties
— Sub-percent precision feasible ~ QED effects become relevant

Oliver Witzel (University of Siegen) 7/34
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Overview

» Semileptonic b — u decays
(hadronic pseudoscalar final states)

» Semileptonic b — ¢ decays
(hadronic vector final states)

» Summary

Oliver Witzel (University of Siegen)
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Exclusive semi-leptonic decays: B — wlv
l } @ = M2 + M2 — 2MgE,

v

w

(el
<

B S s
u/d

» Conventionally parametrized placing the B meson at rest

dr(B — wlv)  GR|Vis? (q? — m2)?\/EZ— M2

dq? 2473 q*M2
experiment CKM known
m% 2(F2 2 2\(2 3m§ 2 242 2\(2
X 1+27q2 Mg(E; — M2)|f (a7 + W(MB—MW) 1fo(q7)]

nonperturbative input
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Exclusive semi-leptonic decays: B — wlv
l } @ = M2 + M2 — 2MgE,

v

w

o |
|

u/d

» Nonperturbative input
— Parametrizes interactions due to the (nonperturbative) strong force
— Use operator product expansion (OPE) to identify short distance contributions
— Calculate the flavor changing currents as point-like operators using lattice QCD

Oliver Witzel (University of Siegen) 9/34
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Exclusive semi-leptonic decays: B — wlv

€ ¢% = M2 + M2 — 2MgE,

i b
v
w
B ] u d
B z 7
U/d to Al tsink

» Calculate hadronic matrix element for the flavor changing vector current V#
in terms of the form factors £, (g?) and fy(q?)

2 __ A2 2 _ g2
(n|Ve1B) = £i(a) (ph + ot — M5 g ) + fo(?) M

wqu
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Exclusive semi-leptonic decays: B — wlv

C = M3+ M2 - 2M3E,
i b

v

B z T

u/d t —t— e

» Calculate hadronic matrix element for the flavor changing vector current V#
in terms of the form factors £, (g?) and fy(q?)
» On the lattice | and | are directly proportional to 3-point functions

fi(Ep) = (PIV|Bw)/\/2Ms,,  and  Fi(Ep)pf = (PIV/[Bry)/ /2,

B(6%) = w v (s, — ER)f|(E¢) + (E3 — MR)F. (Ep)]
fi(q?) = ﬁ fi(Ep) + (Mg, — Ep)fL(Ep)]
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Exclusive semi-leptonic decays: B — wlv

C = M3+ M2 - 2M3E,
i b

v

B z T

u/d t —t— e

» Calculate hadronic matrix element for the flavor changing vector current V#
in terms of the form factors £, (g?) and fy(q?)
» On the lattice | and | are directly proportional to 3-point functions

fi(Ep) = (PIV|Bw)/ /25, and  FL(Ep)ph = (PIV/|B))/ /2,

» Alternatively, express form factors in terms of 7, and /> with v = pf /Mg motivated by HQET
+ =fi(Ex)/vV2  and =fL(Er) (v pr/V2)
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average [FLAG 2021

FIAG2021

fo average
T average
. HPQCD 06 f
F+ FNAL/MILC 15 o
E £ RBC/UKQCD 15 +—+— 3
fo FNAL/MILC 15 +—o—
fo RBC/UKQCD 15 +—=—

E L o

i L L L L
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¢* [GeV?]

FIAG2021
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fo BCL fit

F+ BCL it

J+ HPQCD 06

F+ FNAL/MILC 15
£ £ RBC/UKQCD 15
Jo FNAL/MILC 15
fo RBC/UKQCD 15
- BaBar untagged 12bin
BaBar untagged 6bin
Belle tagged 13bin
Belle untagged 13bin
Belle tagged 7bin

Hitiii

7% [GeV?)
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» FLAG average: Fermilab/MILC [Bailey et al. PRD92(2015)014024], RBC/UKQCD [Flynn et al. PRD 91 (2015) 074510]

— Shown in addition HPQCD [Dalgic et al. PRD73(2006)074502][PRD75(2007)119906]

» Used effective actions only allowed determinations of form factors at large g2

» Combined fit with experimental data gives | V|

[BaBar PRD 83 (2011) 032007][PRD 86 (2012) 092004] [Belle PRD 83 (2011) 071101][PRD 88 (2013) 032005]

» Shape of lattice data largely consistent with experimental data

Oliver Witzel (University of Siegen)
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. 0.08 V¥ mom =
JLQCD 2022: B — wlv T
[Colquhoun et al. PRD 106 (2022) 054502] 0.06 oy e
. R L P
» Unitary setup oo
— MDWEF light/strange and heavy quarks 5 i |1
. < 0.02 i S R *
with am. < amg < 2.44 - am. fffff”g”””””;ggﬁ
— Additional extrapolation in the heavy quark mass 0.00% : - = % %
tla
to reach my 0.0175 § V¥ mom = 001, mg = 1.25%m,
— Fully nonperturbative renormalization — 00150 by ot 12
5 OOk I VFmom = 111, mg = 1.25%m,
200125 ;
b 3
a ~ 0.044 fm, 0.055 fm, 0.080 fm § 00100 iiliiliiiiiiiiiiiiii
< 0.0075 gy
» M, = 230 MeV S Tl .
) s0{ * T3 % k3 Lt
& om0 © 5 Cee PR Elllllig§[iif'
T R
» Comparable stat. and sys. errors 0.0000k . - - - =
D b pail

— Total errors: £, ~ 10%, fy ~ 6% ‘ t/a
a~ 0.080 fm, amy,q = 0.007,
amg = 0.68808

Oliver Witzel (University of Siegen) 11/34


https://doi.org/10.1103/PhysRevD.106.054502

introduction b —u b — ¢ summary
0000000 0O000@00000000000000 00000000 [e]

JLQCD 2022: combined chiral, heavy-quark, continuum limit

[Colquhoun et al. PRD 106 (2022) 054502]

1.2 2.0
M, ~ 500 MeV/ - & podir QO mo=m,
10 @ p=43 O mg=12"m,
{ B=447 D mo=12'm,
o8| A+ B
[ ;

0.6
0.4 /

s 0.5
0.2

= 4.35, mg = 1.25m, 72 = (27 /L)%, My ~ 300 MeV, mq = 1.25%m, 8 = 4.35, M, = 500 MeV
0.0 02 04 0.6 08 10 0.000 0.002 0.004 0.006 0.008 0010 0.0 02 04 0.6 08 10
E, [GeV] a [fm)* E; [GeV]
. . 2 .
» Extrapolate in M, » Extrapolate in a » Extrapolate in mg

» Extrapolation over the simulated range of “high ¢*”
» Extract “synthetic” data points for z-expansion from continuum-physical quark mass limit
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JLQCD 2022: error budget (coiqunoun et a1
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== 1/m} —— - a! —— tot syst
20 M} (amg)*  — stat
I n+1 e log
15 E
x
0 — - |
g 5
g e
0]— = —
_5 = =]
—10
0.0 0.2 0.4 0.6 0.8 1.0
E; [GeV]|

» Systematic uncertainties for £
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PRD 106 (2022) 054502]

—== my ——-a —— tot syst
20 M (amq) stat
B n+l - log
15 B
= 7
z 10 /
E _7
£ opl~ _——— .
E ~ .7
-5 -
—10
0.0 0.2 0.4 0.6 0.8 1.0 1.2

E, [CeV]

» Systematic uncertainties for f
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JLQCD 2022: |V,;| and comparisons

[Colquhoun et al. PRD 106 (2022) 054502]

6
" JLQCD —_—
0]l Fermilab/MILC —— !
T ] . RBC/UKQCD :
HPQCD e
Ay = plv|  ——a—— -2
| BaBar 2010
FLAG average —_— -4 ] BaBar 2012
Belle 2010
HFLAV excl -6 ' i:":xifsm
HFLAV incl e ————T ] [y
300 325 350 IVZTII L0125 450 e S e A
- DI T T OO T
» Joint fit to determine | V| » Updates from other collaborations  » Shape parameters of BCL z-fit
= |V =(3.934+0.41) - 1073 expected relatively soon — Tension with BaBar 2010

— Looking forward to
new data from Belle Il

Oliver Witzel (University of Siegen) 14 /34
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What are the challenges calculating B — 7wlv?
» Ratio of mpottom/Myp is worst

= Signal-to-noise issue

» B meson are heavy (5279 MeV), pions are light (138 MeV)
— Decay releases lots of energy - large range in g° to be covered
— Requires simulations of pions with very high momenta (noisy)

» Experimentally clean environment of B factories (strongly) preferred

» Alternative B decay modes have their own theoretical /experimental challenges e.g.

B — p(— 7r)lv on the lattice

Oliver Witzel (University of Siegen)
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Alternative: B; — K{lv or Ny, — plyv

» Experimentally not ideal for B factories
— Running at T(5s) is less efficient in creating BsB; pairs

» Abundantly created in pp collisions at the LHC - LHCb
— Normalization not straight forward at LHCb, better to consider (double-)ratios
— Determine |Vp|/|Vip| from Bs — Dslv/Bs — Klv
or Ap = Nelv /N — plyv [Detmold, Lehner, Meinel, PRD92 (2015) 034503

» Compare:
Mg = 5279 MeV : M, = 138 MeV ~ 38, g? range ~ [m?,27] GeV?
Mg, = 5367 MeV : My = 494 MeV ~ 11, ¢? range ~ [m?, 24] GeV?
~ cheaper and more precise to compute with LQCD

Oliver Witzel (University of Siegen)
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Comparison B — 7wl vs. Bs — KLU [Fiynn et 21 RO 01 (2015) 074510]

14

o
o

oy

u

Bt
+

18
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chiral-continuum extrapolation
lattice-scale uncertainty
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S

Error [%]
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Bs — K{v tensions (< 2023)

"~ 'HPQCD 14 (NRQCD) ——
sl RBC/UKQCD1?_SE,§T'?%%'E% """" il Fermilab/MILC 18
This work (Fermilab/NR) s i

——— RBC/UKQCD 16
5 ——&—— | HPQCD 14
‘% —— Khodjamirian 17 (LCSR)
o
Ll Faustov 13 (RQM)
1L ]
—A— Wang 12 (pQCD)

—K— Duplancic 08 (LCSR)

25 0 0.1 0.2 0.3 0.4
¢*(GeV?) fro(g? =0)
» HPQCD, RBC-UKQCD, ALPHA, Fermilab/MILC
[Bouchard et al. PRD90(2014)054506] [Flynn et al. PRD91(2015)074510] [Bahr et al. PLB757(2016)473]
[Bazavov et al. PRD100(2019)034501]

» Lattice form factors differ at g> = 0

Oliver Witzel (University of Siegen) 18/34
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RBC/UKQCD 2023: Update BS — Kl [Flynn et at. PRD 107 (2023) 114512]
~ J.Tobias Tsang, Andreas Jittner, Jonathan Flynn, Ryan Hill, Amarjit Soni, OW

» Effective RHQ action for b quarks S10
— SDWEF light/strange 2 °2 &
=05 o &
— Nonperturbatively tuned RHQ parameters ’ s
. . . . e
— Directly simulating physical b quarks 0 : o = % P P
— Mostly nonperturbative renormalization 6
£  ———
» 2~ 0.11 fm, 0.08, 0.07 fm S ?fwﬂﬁﬂmﬁﬁgﬂwz?%
» M, > 250 MeV Tol 2 &
0 5 10 15 2 2% 30

t/a
» a~ 0.07 fm, M, = 250 GeV

Oliver Witzel (University of Siegen) 19/34
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RBC/UKQCD 2023: Chiral-continuum extrapolation rim et ot pro 107 (2023) 11512)
30— T T T T T T T T T T T T T T
0.9F Y =
: — Central ¢ M2 Mé’ — Central ¢ M2
| ¢ C1 o M3 i
1 1
25 ' o C2 Q F1S 1 0.8F '
| M1 |
1 1
1 1
X < 0.7F
To20F 4 3 '
@ 1 @ 1
o -
; 0.6
15k 4 :
1 1
1 1
| 05F -
1 Pes 1
10 ! — :
! 1 I I I I I g4l 1 1 1 I I I
0.005 0.010 0.015 0.020 0.025 UgSO 0.035 0.040 0.045 0.005 0.010 0.015 0.020 0.025 UA(Z)SU 0.035 0.040 0.045
(Ex/Mp,) (Ex/Mp,)

» Chiral-continuum fit in terms of f, and fy over simulated range in g°
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RBC/UKQCD 2023: ﬂ. and fb VS. f|-‘ and fJ_ [Flynn et at. PRD 107 (2023) 114512]

| — I 3{ | A RBC/UKQCD 23 fi, i L3 l 1
oo fo I B HPQCD U fig ; ] g-al
o ~--- f, from f, and f, ! ¥ FNAL/MILC19 fi. | 08 ! 0.8
“=- Jofrom fy and £, i@ RBC/UKQCD 15 fi. 1 s i 1
* | & RBC/UKQCD 23 i, | 9 A, i % |
. | | <061, | f - H0.6
o 1 ¥ ! % !
e 1|2 h # |
(Ex/Msg,) 18 20 22 24 18 20 22 24
¢ [GeV] ¢? [GeV]

» Chiral-continuum fit in terms of  » Comparing literature results for Bs — K{v
f. and f, vs. fitting f| and f, » No resolved effect for £ but shift for f;

and then constructing . and fy

Oliver Witzel (University of Siegen) 21/34
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RBC/UKQCD 2023: Error budget [Flynn et at. PRD 107 (2023) 114512]

Grr T

T T T
=== (a) omit FV === (h)exclude n’ = 4

(b) omit (aA)? - -~ (i) cont. disp. rel. inc. (ap)*
5k, . () omit AM? -4~ (j) varying f;
AN === (d) omit chiral log === (k) Ay by £30MeV
= += (e) omit (a))? and chiral log statistic

(® include £,

£k [

Af

et e D
e e e

s e ; o 4
17 18 19 20 21
¢*[GeV?)

» Systematic of chiral-continuum fit

Oliver Witzel (University of Siegen)

B statistics
Il fit systematics 16
B discretization (heavy)
B renormalization
Il isospin breaking
discretization (light) {5
I RHQ inputs
3 4
8
3
2
1

20 21
2 [GevY

» Total error budget f,
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RBC/UKQCD 2023:
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6y

- (¢) omit AM? -

T
(a) omit FV
(b) omit (aA)?

(d omit chiral log
(e) omit (aA)? and chiral log

(g) exclude n* = 0

(h) elxclude n’ ll

(i) cont. disp. rel. inc. (ap)*
(j) varying [,

(k) Ag by +100MeV

statistic

0
1

] uuLuuue\mguum\:uu:ﬂ#&ayyggL_.H:\éuu LR R
2 s I
19 20 21 22 23

» Systematic of chiral-continuum fit fy
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Error budget [Flynn et at. PRD 107 (2023) 114512]

T T T T T
40 B statistics
Il fit systematics
B discretization (heavy)
- I renormalization
& B isospin breaking
N discretization (light) J
3 .
= N RHQ inputs
Al
<
T
mo
PSS

18 19 20 21
¢*[GeV?)

» Total error budget f;

22 23

=K Error [%)

iis

summary

22/34


https://doi.org/10.1103/PhysRevD.107.114512

introduction b —u b — ¢
0000000 0000000000000 00e000 00000000

Kinematical Z-eXpa nsion (BGL) [Boyd, Grinstein, Lebed, PRL 74 (1995) 4603]

» Map complex g? plane with cut g? > t, onto the unit disk in z

Vi@ Ve

_ (et 10) = b— @+t — 1o
with = (Mg + M,)? (two-particle production threshold)
ty = (MBS + MK)2 (With t_ = qrznax)
to = topt = tx — /(e —t=)  (symmetrize range of z)

» BGL express form factors fx = f,, fy as

fx(q°) = Bx (2 ¢x(q ) Zaxn to)z

» With outer function ¢x(q?, to) and Blaschke factors Bx(q?)

» Account for cut differing from pair-production threshold [Gubernari, van Dyk, Virto JHEP02 (2021) 088]

[Gubernari, van Dyk, Reboud, Virto JHEP09 (2022) 133]

Oliver Witzel (University of Siegen)
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Kinematical Z-eXpa nsion [Flynn et at. PRD 107 (2023) 114512] [Flynn, Jiittner, Tsang arXiv:2303.11285]
~ Andreas Jittner, J.Tobias Tsang, Jonathan Flynn

» Terms in the z expansion are limited:
— Number of synthetic data points plus kinematic constraint: Ky + Ko — 1 < Ny + N

» Truncation errors (e.g. large variations in f,(g? = 0) and fo(g? = 0)) when
— Varying g° values of synthetic points
— Varying ty in z-transformation

» Avoid frequentist fit introducing systematic error

— Perform Bayesian fit aiming to fit full z expansion (no truncation)
— Use unitarity constraint to control higher-order coefficients

Oliver Witzel (University of Siegen) 24 /34
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Bayesian inference for form factors (s siittner, Teong axiv2303 11285

» Compute z expansion coefficients as expectation values: (g(a)) = N/dag(a)ﬂ'(a|f, Ce )7,
» Probability for parameters given model and data

m(alf, Cr) x exp {—;Xz(a, f)} X*(a,f) = (f — Za)TCf’l(f — Za)

and prior knowledge from unitarity constraint 7, oc 0(1 — |a;|%)0(1 — |ag|?)

» Perform Monte Carlo integration using multivariate distribution a
but drop samples incompatible with unitarity

» To increase probability modify expression and correct with an accept-reject step

exp {—1/02}
exp {—aTTA‘/’Za}

Oliver Witzel (University of Siegen) 25/34
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RBC/UKQCD 2023: z-expansion

[Flynn et at. PRD 107 (2023) 114512] [Flynn, Jiittner, Tsang arXiv:2303.11285]

3.5 35
¢ /.(¢®) RBC/UKQCD 23

3.01 ©  fi(¢?) RBC/UKQCD 23 3.0
fo(q®) Bayesian inference

2.5 f+(¢®) B n inference 2.5

folq?) dispersive matrix

201 . f+(¢?) dispersive matrix 20

1.5 1.5

1.04 1.0

0.5 0.5

0.0 0.0
0 10 20

¢ [GeV?]

» Consistent with result of dispersive matrix method by Martinelli, Simula, Vitorio et al.

Oliver Witzel (University of Siegen)
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0.30(*%)
0.336(23)
0.284(14)
0.26(*3)(2)

0.25(11)

0.13(5)
0.32(6)
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Determining | V|

» Heavy-to-heavy transition ~ HQET relations

» Available channels
-~ B — Dtv
— Bs — Dfv
- B — D*v
- Bs = D} lv

pseudoscalar final states

vector final states

» D* and D7 suitable for using the narrow width approximation
— Treat as QCD-stable particle

Oliver Witzel (University of Siegen) 27/34
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Exclusive semi-leptonic decays: B — D(*S)Kz/

7 2iePoer kypo
Mg, + MD(*S)
2MD("5)5* -q
e
2 sp_ €4 p
+ Au(a”)(Ms,, + Mp;,) |€™ — 7 q

<D(*s)(k7 Eu)|VM|B(s)(p)> :V(

(D(sy(k,€0)|A*|B(s)(p)) =Ao(d?) q"

» Determine the four form factors V(q?), Ao(q?), A1(g?), A2(g?)
or in HQE convention hy(w), ha,(w), ha,(w), ha,(w)
» Narrow-width approximation i.e. D(*S) is treated as a QCD-stable particle

Oliver Witzel (University of Siegen)
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First lattice calculations over the full g? range

» B — D*lv
— 2021 Fermilab/MILC [Bazavov et al. EPJC 82(2022)1141]
— 2023 HPQCD [Harrison, Davies, arXiv:2304.03137]
— 2023 JLQCD [v. Acki et al. arXiv:2306.05657]
— Preliminary LANL/SWME [Jang et al. PoS Lattice2019 (2020) 056]

» Bs — D} lv
— 2022 HPQCD [Harrison, Davies PRD105(2022).094506] [arXiv:2304.03137]

» Some tension in the shape of the form factors
— Further scrutiny required

Oliver Witzel (University of Siegen)
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JLQCD 2023: B — D*/v [Y. Aoki et al. arXiv:2306.05657]

» Unitary setup
— MDWEF light/strange and heavy quarks
with am. < amg < 2.44 - am.
— Additional extrapolation in the heavy quark mass
to reach my

— Fully nonperturbative renormalization

» a~ 0.044 fm, 0.055 fm, 0.080 fm
» M, > 230 MeV

» Carefully checking for excited state contamination
using multiple source sink separations (e.g. for ha,)

Oliver Witzel (University of Siegen)
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JLQCD 2023: combined chjral, hea‘vy—quar‘k, contil_nuum limit

[Y. Aoki et al. arXiv:2306.05657]

» hy: sys. error dominates
» ha1 stat. and sys. error similar §>
» hao a3 stat. error dominates

~ Different setup with moving

B meson would help

» Extrapolation over simulated
range of g2

hy (W)

» Predictions consistent with
HQET-based parametrization

Oliver Witzel (University of Siegen)

¢ my=125m,
mom,= 125" m,
® m,=125"m,
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N
A : A 3'-25Gev
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A M_~300Mev A a ~36Gev
A M ~230Mev A a'~45Gev
L L L L L L
100 105 110 o 1.00 105 110
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JLQCD 2023: error budget [Y. Aoki et al. arXiv:2306.05657]
‘ ‘ T . = gutsied.
—— Covariance matrix —— covariance matrix
_ o 7 xexpansion — —- multiplicative form
ho- d . o _————T T —— ftformee, r - fittom:m?
» Ny:. Sys. error dominates e -~ B ftform: v, 2
£ o, * S o toma
» hap stat. and sys. error similar =,/ |-y s
. s — 5 1L
» hao a3 stat. error dominates & 5
— 5
~ Different setup with moving °
Pl _..]
B meson would help o
1.00 105 110
50 T T —_ sa:sn%all 20 —— statistical
» Extrapolation over simulated == Commcema == e man
P i 3 --- xexpansion
range of g -~ _// s o e,
B 301~ 4 £ =~ fitform: (am)”
= — — FVEs
g 5 1o 4
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HQET-based parametrization ~ w- __________ |
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w
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JLQCD 2023: comparison [Y. Aoki et al. arXiv:2306.05657

» Convert hy, hai, has, has

03
to relativistic convention g E sl
w
g f,Fi, P
-- gwwsvy‘oargIMch -~ thiswork
. . —- Fermi —- Fermilab/MILC
» Synthetic data points b ‘ ‘ ‘ ‘ ‘ ol ‘ ‘ ‘ ‘
10 11 12 13 14 15 10 11 12 13 14 15

in 20 agreement
with Fermilab/MILC

» Slopes/shapes differ T 2
45— 1~
-~ thiswork F -- JLQCD
—- Fermilab/MILC | —- Fermilab/MILC B
4 1‘0 E— 1‘1 E— 1‘2 — 1‘0 l‘l 1‘2 1‘3 1‘4 1‘5
w w
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JLQCD 2023: comparison

» Convert hy, hat, hao, has
to relativistic convention
g, f, F1, Fo

» Good agreement with

Belle 2019 data
[Belle PRD 100 (2019) 052007]

Oliver Witzel (University of Siegen)
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[Y. Aoki et al. arXiv:2306.05657]
T T T

[GeV]

dr / deosf6] x 10

dr/dy x 10™ [Gev]

5

IS

w

%% 05

b— ¢
000000 @0

T
— thiswork
+ Belle

e
15}

— thiswork
[+ Bele

<ot

summary
[e]

32/34


https://arxiv.org/abs/2306.05657
https://doi.org/10.1103/PhysRevD.100.052007

introduction b —u b— ¢
0000000 0O0000000000000O0000 0O000000e

HPQCD 2023: B(s) — D(*S)gV [Harrison, Davies, arXiv:2304.03137]
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» All-HISQ setup
— Updating [Harrison, Davies PRD105(2022).094506]
— Fully non-perturbative renormalization
_, Simulate heavier-than-charm — close-to-bottom |
— Directly cover most of the allowed g° range

0.5

at the finest lattice spacing

~ Parametrize pole mass for different charm masses

in a combined chiral, heavy quark, continuum,
kinematical extra-/interpolation

Ve

— Also analyzing tensor BSM operators

> h\/, hAl! hAz, hA3 for B — D*{v

Oliver Witzel (University of Siegen) 33/34
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H PQC D 2023 B(S) — D(s)gl/ [Harrison, Davies, arXiv:2304.03137]
1
H mE HPQCD B — D*(7, 4+ Belle B"— D* iy,
» Shape largely consistent L] e B e
with Fermilab/MILC 21 _ ° o
SIS SES
- l_‘\l %;O.G ——
X i =04
» Some tension with Belle N
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Summary

» Heavy flavors are challenging
— Require to accommodate another scale on the lattice
— Simulations with physical light quarks are even more challenging
— Semi-leptonic decay processes cover a large range g°
— Leptonic decays experimentally difficult

» Puzzles in heavy flavor physics

— Tension between |V, vs. | V.| and |V | vs. | Vp|ne

— Shape comparisons of form factors

Oliver Witzel (University of Siegen) 34/34
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