Precision calculation of charm baryon decay constants in lattice QCD
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INTRODUCTION HYBRID RENORMALIZATION

» The renormalization constant is, in principle, independent of the external
» The origin of the matter-antimatter asymmetry in the momentum. The SMOM renormalization condition 1s defined as

Universe remains a forefront topic 1n particle

physics, hinging on two key ingredients: CP violation 20,2012 25" o lsmom = 1 (4)
and baryon number nonconservation beyond the _

ZyZ7'ry| =] (5)
Standard Model. Charm baryon decay constants serve J ) 7 VISMOM
as crucial nonperturbative inputs for calculating the & > Since the perturbative conversion factor is derived in the massless quark limit, the
former. : i non-perturbative determination of the renormalization constant must also be
We present the first calculation of charm baryon decay use performed with massless quarks. In this lattice calculation, we treat the up (u),
constants using 2+1 flavor gauge ensembles with lattice _ down (d), strange (s), and charm (c) quarks as light quarks, which simplifies the
spacings ranging from 0.05 to 0.1 fm and pion masses o charm baryon operators into the following form
between 136 and 310 MeV.
The non-perturbative renormalization 1s performed | 0, = € (I1Cysly) I3 (6)
using the symmetric momentum-subtraction scheme. Figure I: The charm baryon ]
After performing systematic chiral and continuum 0; = € (hCyula) vuysls (7)
extrapolations, we obtain the decay constants with a O3 = € (I1Cy 1) v,ysls (8)

precision 11-20%.

» The vertex functions of O, and O,~05 are shown in Fig. 2
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> The decay constants for the J°°* = (=)*charmed baryon. The renormalized 1.05{ {8 1.05- 1.05
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matrix element for the charm baryon B, 1s given by: |
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Fig. 2
where mg, fg_, and Zg are the bare mass, decay constant, and
renormalization constant of the charmed baryon, respectively, and ug_ is
1ts SpInor. ReSUIt
» In lattice QCD, operators are typically constructed based on their .
symmetries. While the A, and 2, baryons have been constructed using > The result of extrapolating the mass of the charm baryon :
diquark SU(2) symmetry, we extend this method to the 3Xx3= mp(my, a) = mpphy + 01(m% — m%’phy) + c,a’ 9)
3 @ 6 representation of SU(3) to build common charmed baryon operators. Mo Debend e Soach
.o . . ass Dependence on Lattice Spacing
The anti-triplet representation of these operators is given by : 3.0m ~ —————— | |
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pseudoscalar current vector current > g | | | | |
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| | Coan » The results of extrapolating the decay constants of charm baryons are
» To compute the bare decay matrix elements, we define the two-point correldiion resented in Fio. 4
function at the quark level as follows: P S
fp(my, @) = fppny +c1(m3 —mi ) + cpa? (10)
+
CZpt = Tr{Cop Py } (2) _ _
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where, P+ = (1 + y,) /2 represents the positive parity projection operator, which % oozso] I i g oo s o T oo m
] 1 % 0.0225- Physical'paink = 0.0225 = 0.0325-
projects out the (E)+ charmed baryon data. £ oon| T o B o e | 11
» The two-point correlation function is parameterized with the form: 3 ootss 3 ooiss g aousy o
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» In the four lattice calculations, we use CLQCD ensembles with lattice spacings B s I Do % W il
. . . 9. 0.0300 | Physical point 9, 0.0350 - Physical point
ranging from 0.05199 to 0.10524 fm, which cover pion masses between 136 and oo [ % ________ £ ooss 1.
$10 Mev o |
Conf LT a(fm) | Pion(MeV) m m; m, N_Conf | N_Src g oo 7 oomo T
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Fig 4. Charmed baryon decay constant
C32P23 323 x 64 0.105 228 -0.2790 -0.2338 0.4198 451 20 g C ry y
C48P14 323 x 96 0.105 136 -0.2825 -0.2335 0.4205 187 30 B N N 0 N 0 o n 0 0
aryon A =4 /= = /= 2T 2T Q
F32P30 323 x 96 0.077 300 -0.2295 -0.2039 0.1968 777 20 ¢ ¢ ¢ ¢ ¢ ¢ / C/ ¢ ¢
Decay constant |  0.0168(33) 0.0180(31) 0.0286(42) 0.0269(37) 0.0299(33)
H48P32 483 x 144 0.052 317 -0.1850 -0.1703 0.0533 550 12
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