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B — 7,B; — K semileptonic decay form factors
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where P=n,K, H=B,B;, g =pyg — pp
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(PIVUIH) = +(8") (pros + ppow = ™70 00) + fold”)

We use the HQET] [1501.03060]] parametrization:

(PVulH) = V2mu (v by (Ep) +pl hi(Ep))

where v* is the H-meson 4-velocity and p/| = pls — (pp - v)v*.
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https://arxiv.org/abs/1501.03060

Strategy

Aim: Form factors at mj;, = my and L — oo
Strategy [2312.09811, PoS(EuroPLEx2023)005, 2603.25295]
» Interpolating to the b-sector using static and relativistic theories
via suitable observables — Neither matching nor renormalization
to the HQET is required

m(Lre/f h”(Ep)) 1n(Lre/f hy(m >) + 1“<Z((ii))>

= (I)H + TH(EP)
W (BrLythy(Bp)) = (L) fp ) +1 <EPMJEEP>>
ref ) B*
=&, +7,(Ep)

where Lot = fp L and

fre = V2(0[V4(0)| B*(0, k))
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https://arxiv.org/pdf/2312.09811
https://inspirehep.net/files/a4e815c5e7af8290480644dda637acaa
https://arxiv.org/abs/2603.25295

Strategy

Aim: Form factors at mj;, = my and L — oo

Strategy [2312.09811, PoS(EuroPLEx2023)005, 2603.25295]

P Interpolating to the b-sector using static and relativistic theories
via suitable observables — Neither matching nor renormalization
to the HQET is required (X =1,]|)

Tx(Ep) = 75 (Ep) + O (my ')
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Relativistic observables on CLS ensembles (11082
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https://doi.org/10.1016/j.nuclphysb.2013.05.019
https://arxiv.org/pdf/2010.09539
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Extracting the matrix element

ap{P(Pp)|VulH(0))BH —pptp-muty

Cu(ta, tp,
u(ta,tp,pp) 0ty tp<ts AEpmpy

» Up to 6 different

__ ,.snk src :
0 . Jr— , ts = 2™ — ¢, with
; ; 1.36 fm Sty $3.2 fm
_____ N
$omome A ’ » The insertion time of the
Vu .
7.px %o current, xy°, varies.
Sy iyt
dys » Vector current

non-perturbatively
O(a)-improved [2010.09539)
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https://arxiv.org/pdf/2010.09539

Extracting the matrix element

ap{P(Pp)|VulH(0))BH —pptp-muty

Cu(ta, tp,
u(tr;tp, PP) 0ty tp<ts AEpmpy

We isolate the matrix element employing the ratio:

Cu(tu,tp,ppP) 1 1
Ri, = VAEpmpy = ezPPiptamitn
"
VOt 0)CE (tp, pr)

The form factors are given by:

k _, (P(pp)|Vk|H(0))  Zv I
pphJ_(Ep) =2y \/7 \/7 0<<tH,tp<<ts Rk(tHvthpP)
_, (P(pp)|[VO|H(0)) _  Zv i I

h“(EP) —Z \/7 \/7 0<<tH,tP<<ts RO(tH7tP7pP)
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Summed Ratio [1108.3774]

Signal-to-Noise problem and the excited state contamination — ground
state hard to resolve:

ts—a
YA .
St(ty) = ———a g Rk tiy,ts—ty, pp) = K+h, ts+excited states,
* PpV2mu ’ ’

where K is a constant. Similarly, we define S). The form factors can
be extracted by (X =1,]|)

0., Sk (ts) = hx (Ep) + O (exp(~Aty))

with A = min{Ag,Ap} is the energy gap between the ground state
and the first excited state.

Alternatively, hx can be extracted from the slope of a linear fit to
S (ts).
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https://arxiv.org/pdf/1108.3774

Summed Ratio [1108.3774]
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https://arxiv.org/pdf/1108.3774

Summed Ratio [1108.3774]
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https://arxiv.org/pdf/1108.3774

B*P states: Static limit

The excited state contribution to the form factors can be estimated
using HMYPT [2306.02703)

W (tw,tp,pp) = hi(Ep) (1 + Ahy (b, tp, pp))

where in the static limit we have [A. Broll, PhD thesis, 2023]

5 sta 1 E
Ahl(tH,tp,pp) — Catate—AE gy _igiEié.ge—EPtH

with g = 0.492(29)[14046951] a LO LEC, and 1 = 0.20(4) GeV~lisa
NLO LEC [A. Gérardin, Lattice 2024]
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https://arxiv.org/pdf/2306.02703
https://doi.org/10.18452/28098
https://arxiv.org/pdf/1404.6951
https://conference.ippp.dur.ac.uk/event/1265/contributions/7396/attachments/5787/7619/lattice_gerardin.pdf

B* P states: Beyond the static limit

Beyond the static limit, an expression for Ak  can be derived based on
covariant Baryon XPT results [S. Szyperski, O. Bér, in preparation], by mapplng the

nucleon sector onto the heavy-light one (N — H, N7 — B*7w, ga — g):

AhL(tH,tPJ)P) — CBelefAErel tn
where AE™ (pp) = Ep(pp) + Ep+(pPp) — mu and

Ep+Ep+«—m B
( _W'F*I(EP‘FEB*—WLH))

_ 51 Ept+Ep«—mu
(1 27 E Ep+EB*+mH

& (pp) =

» Reproduces the static HMyPT result [2306.02703, A. Broll, PhD thesis, 2023] for
mpyg — OQ.

> the larger gap and the reduced |cg| suppress the excited-state
contamination with respect to the static result
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https://arxiv.org/pdf/2306.02703
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B*m states in B — wlv

The excited state contribution to the form factors can be estimated using
HMxPT

Rty te, Er) = hJ_(Eﬂ-)(]_ I CBele_AEroltH),

1 e*AErEIts
SL(tS) = KL + hl(Eﬂ-) ts — CLCBe m .

Taking a derivative with respect to ¢4

(1) — PO 05,00
1+ aci'AET! 71‘3_’(;((;(_GA£531) L+ on7

At tg &~ 2.0 fm,at m, = 135 MeV and |p,| = 480 MeV
» Physical charm we have a 675" ~ —0.1% effect.

» Physical bottom we have a §h5™® ~ —0.5% effect.
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B*m states in B — wlv

The excited state contribution to the form factors can be estimated using
HMxPT

Rty te, Er) = hJ_(Eﬂ-)(]_ I CBele_AEroltH),

1 e*AErEIts
SL(tS) = KL + hl(Eﬂ-) ts — CLCBe m .

Taking a derivative with respect to ¢4

(1) — PO 05,00
1+ aci'AET! 71‘3_’(;((;(_GA£531) L+ on7

At tg ~ 2.0 fm, mR9T ~ 0.22mP and |p,| = 480 MeV
> m, =422 MeV — we have a 675" ~ —0.04% effect.
> m, =176 MeV — we have a §h5"> ~ —0.11% effect.
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B*m states in B — wlv

The excited state contribution to the form factors can be estimated using
HMxPT

Rty te, Er) = hJ_(Eﬂ-)(]_ I CBele_AEroltH),
) eiAErdts
SL(ts) = KL + hL(Eﬂ-) ts — CLCBe m .

Taking a derivative with respect to ¢4

9S8, () /0t 08, (ts)/0t,

<p(—AE™) b
1+ acaelAErel le—epx(p(éfAEtm)l) 1+ (WlT

hsfb (Em tS) =

At tg ~ 2.0 fm, mRC! ~ 0.64mEC! and |p,| = 480 MeV
> m, =422 MeV — we have a 6h5"> ~ —0.11% effect.
> m, =176 MeV — we have a §h5"> ~ —0.26% effect.
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B*m states in B — wlv
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B*m states in B — wlv

—*— forward derivative

—&— symmetric derivative
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B*m states in B — wlv
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Continuum limit: 7, and 7

> Suitable observables to interpolate with HQET static point theory
to the physical b-quark mass:

T(Ep) = 1ﬂ<h”(EP)>, T (Ep) = 1n<EPhL(EP)>

h”(mp) LreffB*
450 B450
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Continuum limit on SU(3)-symmetric point: 7,

|pp| = 480 MeV, dashed line:

A. D’Anna

mg = my ~ 410 MeV
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Continuum limit on SU(3)-symmetric point: 7

my = my ~ 410 MeV
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Conclusion

> Excited states are under theoretical control: in the summation
method the B*r contamination is suppressed as e 2Pt with
AFE = Ep + Ep+~ — mpg. For source-sink separations, t5 = 2.0 fm,
the subtraction of B*7 from HMyPT leads to a negligible shift of
hy at |pr| = 480 MeV, down to m, = 176 MeV. Theory and data

agree.

» On the SU(3)-symmetric point, hy and k| can be extracted with
statistical precision of 1.2—2% in the considered kinematic regime.

» First results for the continuum limits of 7, 71 good scaling
behaviour in the range a = 0.039 — 0.076 fm for various heavy
masses at and above the charm sector. We observe a statistical
precision of 3—4% on exp (TH) and exp(7))

> Systematic effects are being further explored in excited-state
contamination and continuum limit.
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Outlook - 1

» B, — K/v is the first target: better statistical precision and
excited states more strongly suppressed since the heavier kaon
opens the gap AFE with, furthermore, ongoing experimental effort
on the branching fraction.

» Towards the physical pion mass and the b scale: physical point
ensemble in production; interpolation to m; between relativistic
and static data, with step scaling in volume supplying the
normalisation ®x and thus the form factors.

Static Point b-quark charm

it
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TL
[

—1.6

0.00 0.05 0.10 0.15 0.20 0.25

1/(v/Stom)
The Static Point will be crucial for the interpolation
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Outlook - 2

» Treatment of multi-hadron states:
e Computation of HMyPT LECs
o Test of HMPT against GEVP with explicit inclusion of B*r
interpolating operators.

» Target: |V
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Summed Ratio pioss with full two-point0 functions
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Summed Ratio pss with full two-point functions

0.5

R b b

pphit =

= Zv+v2Ep

E forward derivative
T symmetric derivative

pow B b

Cr(tm,tp,pp)

\/CH (te,0)Cp(tp,pp)

. ¥
I PT’\m_THTi ARY { PRELIMINARY
r
1.0 1.5 2.0 2.5 3.0 X
ty [fm]
x
te=1.4fm ¥ t,=23fm
ty=1.7fm F t,=27fm >
te=2.0 fm § t,=30fm .
>
" PRELIMINARY P-val = 0.32
YA I 1.50 1.75 2.00 2.25 2.50 2.75 3.00
V2mpy Rk (tH’ tp, pP) ts [fm]

e%EPtP-‘r%mHtH

1.7
163
2
3
15U
P

1.4

80

70
60 @
50 ~
w

40

30

J307: @ =0.049 fm, mg = m, = 422 MeV, mi¢! = 0.22mR°" |pp| = 480 MeV

A. D’Anna

(IFT UAM

3/6


https://arxiv.org/pdf/1108.3774

B*m states in B — wfv with full two-point functions
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Interpolating 7 to target my on SU(3)-symmetric point

mi = my ~ 410 MeV

e interpolated value —%— a=0.049 fm
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Interpolating 7, to target my on SU(3)-symmetric point

mi = my ~ 410 MeV
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