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Introduction and Motivation

o There exists 2.20 tension between exclusive and inclusive determination of |Vy,|.[PDG,
Review of CKM Matrix elements|

o As s quark is heavier than light u/d quarks we can expect that the statistical
uncertainty should be smaller than B — 7év determination.|[Parisi (‘84), Lepage (‘89)]

-

b U
/5 — 4 U5
o LHCb observed B,® — K~ putv, decay. [R. Aaij et al., PRL 126, 081804 (2021)]

o In this talk we report our on going study of form factors with domain-wall heavy quark.
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Form factor extraction w/ zero-momentum

e The two-point and three-point functions used are -

O3 P T) = Y0, @ TV @, 00 (0,0)1) exp [i(q.9)
cos 7l T) = i(OK(i:‘,T)Vl‘g(gj‘,t)OBS(ﬁ,O)T)
cEPRwT) = i«%@T>w7<y,t>oK<6,o>T>
Cyp 7P T) = §<OBS@T)Vb*;uzt)oss(ﬁ,O)U
z,y
CE(1) = 3 (0K (@ N0k (0,0)7) exp [~i(Fix.7)]
Gy () = iwm@wo&(dmw

With Vb’f(_x) = b(z)yHl(z), Vi (z) = z)y"b(z), V] () = [(z)y*I(z) and
Vip (@) = b(z)7#b().

° CBB;%K(L‘, T), C?ff':K(t, T), Cf;HBS (¢, T) are calculated with zero momentum
insertion, as they are needed for zero momentum analysis only.

@ Bs meson kept at rest.
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e Two-point functions are always smeared at the source but are local or smeared at the
sink while the three-point functions are always smeared at both source and sink. Needed
to cancel overlap factors in the ratio.

o We express the three-point functions as

CyEUPt,1) = > AR« AR DF ' Pe exp [~ BB« (T — t)] exp [~ EX 1]

4,nm

n,m

(0|05, (5,0)|BY)
\2EEs

o We studied the ground state saturation

—B, _ (BI|Vy(0.0|K™)

and DK

Here AES =

R3p2p = Ig:f?i; L — Df&;ii
CEWCP (T —t)  AK aD"
ey Prem el ) DR Dis N
@ Double Ratio : Cf;’K(t,T) sz—)Bs ) DfO?)K ng()—)Bs
= No need for current renormalization. [Hashimoto et al., PRD 61, 014502 (1999)]
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Comparison of R3p2, and Double Ratio for K — By data
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o The ground state contribution of R3p2, and Double Ration are related as
Rg,pgpAé< Ags Zy,, = VDouble Ratio

Here, Vi =2Zv,,\Viis Zvy = /2w, Zv,

e Comparison of numbers obtained by these two methods on 100, 323 x 64 x 12
configurations with 8 = 4.17, a ~ 0.08fm, ms=0.04, m;=0.019. For the heavy quark
mass(mq) we have three-points m.(0.44037), 1.25 X m(0.55046) and
1.252 x m.(0.68808).

mo 0.44037 0.55046 0.63808
Rapop AK AP\ /Zy,, | 1.154(12) | 1.177(12) | 1.209(13)
v/Double Ratio 1.1546(10) | 1.1802(16) | 1.2061(25)

o In the R3p2, ratio method the largest errors come from the measurement of Zvy, -
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o Comparison of 1 —+ B and K — B, data. The data is generated at four source positions
and then averaged over for both the cases.

1.8 : : : : :
om— B; T=28
1.7 oK — Bs; T=28 ||
o o) H%H%%H%%H% )
E15) %% §§ .
2 ¢ ;
gl.4f§ 3 =
Q1.37 §§§§§§§§§§§§§§§§§§§§mm |
ol
12*@@ mm N
11 ! ! ! ! !
0 5 10 15 20 25 30
t/a

@ The error bars are much smaller for K — B, data.
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Fitting

o Here we show the effective masses of K and Bs. The ground state contribution
dominates around t/a > 10.

0.29 0.87 T
0.28] " 0.86 - oM ||
0.85 " o
0.27)-% = 0.84| .
026 2 o | 0.83 |-
0.25 | y%iﬁnmm ME@E@ | 0.82 -
# 0.81]
0.24 |~ B 0.8 —|
0.23 | | | | | | 0.79 | | | | | |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t/a t/a

o The covariance matrix becomes singular for larger fit range. Apart from few eigen-values
the statistical fluctuations of the eigen-values are of the same order as the eigen-values
themselves.

o We report the result of uncorrelated fit in this talk.
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o We included only the first excited state in our analysis.
e Fit formula for double ratio —
K— B Bs—K

Gyl 7o (t,T)Cay 7 (¢, T)

CEPR @, T)CP57 P (t,T)

= Coo(1+ A" [exp [~ABxct] + exp [ AE (T — )]

+B’ [exp [-AEp t] +exp[-AEp, (T — t)]] )
o Ground state contribution

_ (Dao0)?  (Bs|(bvaw)|K) (K|(@uab)|Bs) (Mg, + Mg)*(fo(q%))”

Coo = = — = =
DEyDPsy  (Kl(@vau)|K) (Bs|(bvab)| Bs) 4Mp Mp,

o We performed a simultaneous fit of K, Bs two-point functions and all the double ratios
(T = 12,16,20, 24, 28) together.

o We used jackknife method for error calculation of the fit curve. We did binning of raw
correlators with bin size = 4.
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Fit results
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Form factor extraction for non-zero momenta

In order to extract form factors at non zero momentum we consider the following ratio —

"]
Ralge) Cia P (TP, =0.0K)  CF(t,px =0)
4 (P ) = — — =
C?{i;)Bs(t’T,sz :Oa KZO) C2I<(t’ K)
(K|V°|Bs)
Fg)= —"+
f1(Ex) TV
o We considered all possible combination (pf{,p%,p%) with p% =-1,0,4+1
L4 |ﬁK|2 =1: (+17 Oa 0)’ (_17 Oa 0)7 (0’ +17 0)7 (Oa _17 0)7 (07 Oa +1)7 (07 05 _1)
o In order to extract f; we consider the following ratio

Ri(5x) Cgf,(st (t,T,p8, = 0,Px)
i\PK ) = =
P =0,Pk)

thvﬁBs

1 (K|V?|Bs)
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Fit formulae

K— B N g ., =
RaPr) = Csiy 7 (t,T,Pp, = 0,7K) 8 O (t,px = 0)
KB, T, pp, =05k =0)  C5(t,Fx)

- Cu (1 + Aexp[-AEp, (pp, = 0)(T —t)] + Bexp [-AEx (5x = 0)4

+Fexp[-AEg (ﬁK)t])

Ri(Px) Gy P (4,1, b, = 0,pK)
i(Pr) = —
‘ Cg(:BS(tTpBSZO K)
= Cui(1+Gexp[-AEp, (Fp, = 0)(T — )] + Hexp [~ AEx (5x )]
_ CuiCaa/2MiCoo
f1(Ek) = Caa/2MK Coo;  fL(E SaAVo TR e MicCo
Pk

o We performed combined fit of R4(Pk), Ri(PK), C’QK(t,ﬁ’K = 5), C’QK(t,[)’K) and CQBS (t)
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Fit results for [p]2 = 1, Ry(Px)
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Fit results for [p]2 = 1, R;(px)
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Form factors

o For comparison with B — 7fv case [Colquhoun et al., PRD 106, 054502 (2022)] we
convert fH and f; to HQET motivated definition of form factors f1 and fa:

f1(Ek)+ f2(Ek) = %; f2(Ex) =

Ex f1(Fk)
V2
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o Fit functions are assumed to be polynomial of Ex only.
o Statistical uncertainty is ~1%. better than B — wlv by a factor of < 3.
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Summary and Outlook

e We report JLQCD’s study of Bs — K/{v form factors with Mobius domain-wall heavy
quarks
— myp < 0.7a ! to control discretization errors.
— through correlator ratios = no need for current renormalization.
— preliminary results at a=! ~ 2.5 GeV, My ~ 500 MeV

Statistical accuracy ~ 1%
— averaged over 4 source-time slices
— better than B — mlv (Lepage’s arguments).

o Ground state saturation — studied by simulating 5 source-sink separations.
e On-going analysis at a=! < 4.5 GeV and M, > 230 MeV.
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