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Introduction



Lifetime of (),

7(90) = 268 & 24 + 10

=069 12 fs
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Lifetime of A,

7(Ap) = (1.14 £ 0.08) ps PDG1996

7(BY) = (1.519 4+ 0.004) ps  Ppc2020
7(AD)/7(BY) = 0.75 £ 0.05
Deviated from 1 at level of 20% -- too large!

7(Ap) = (1.471 4 0.009) ps, 7(AD)/7(BY) = 0.964 + 0.007

PDG2020



HQE in 2014

Expt:
7(Ap) = (1.471 £ 0.009) ps, 7(AD)/7(B°) = 0.964 £ 0.007

PDG2020

Theory:

T(Ab) HQE 2014
T(Bd)

=1—(0.84£0.5)%1 2 — (4.2 % 3.3)%1‘%2 — (0.0 + 0.5)%f/dmg, — (1.6 4 1.2) %1 s

= 0.935 £ 0.054

Lenz
Int. J. Mod. Phys. A 30,1543005 (2015)

large!

HQE can nicely explain the lifetime of A,



Heavy Quark Expansion

T =i | d*z T[Lw(x)LY, (0)]

2 Im(Hq|T|Hg)
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Optical theorem
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CKM Uncertainty is large!?



Parameterize the baryon matrix elements

(Apl(bq)v—a(gb)v—alAe) = fB mp,mn, L1,

(Ap|(bq)s—p(qb)s+p|Ab) = f5 mp, mp, L2, \

(Ap|(bb)v—a(Gq)v—alAs) = f5,mB,mA, L3, ="
(M| (0%¢7)s—p(@°0%) sy p|Ab) = fB,mB,mA, La,




Theoretical results

TABLE I: L, predicted by different theoretical methods. This table is copied from [6].
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QCD sum rule calculation
Hadronic level



Hadronic level

(p1,p2) = i’ / d*azdty e P TP Y(0IT{J (y)T'6(0) () }0)

|

(P + M)(a+bys)(p, + M)

1" (py, pa) = A7
(PP = AT A - M)

2 * 2 * 2

" (Mo(d,8)[T6| v (g, 5)) = alq', ") (a + bys)ulg, 5)
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Hadronic level

(p, + My)(a™t + 0T 5)(p, + M)
(p5 — M3)(pi — M3)

(p, + My)(a™™ +0Ty5)(p, — M)
(p3 — M3)(p? — M2)

(p, — M_)(a=F 4+ 0" ) (p, + M)
(p5 — M2)(py — M3)

(P, —M_)(a=~ +b" ") (p, — M)
(p3 — M2)(pt — M2)

M"Y (pr,p2) = ApAg

+ AL

T

+ A

8 parameters -- 8 Dirac structures

(Ap(q,5)|T6[Av(g, 5))

u(q, s)(a+ bys)u(g, s)
= 2 a my,
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QCD sum rule calculation
QCD level



Dim-0

FF of Ab — AC
pert

dim-6 matrix elements
pert

dim-3 & dim-5~
mu/md



Qa

++

++

M2, M_, M_,1}.{BA;, BAy, BA3, BA4}
B A2 (Mg + M_)?

How can we get these 4;?

Eur. Phys. J. C 80, 568 (2020)
Eur. Phys. J. C 80, 1181 (2020)
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Numerical results



Inputs

= myp

mb(mb) — 4.18 + 0.03 GeV

AL = 0.0432 + 0.0022 GeV*
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Figure and table
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TABLE II: The predictions of (L++[<Fé_)>k£‘ :
s0/GeV2|T2/GeV?|at+[(T§ )KL /(1074 GeV?)
Optimal 6.012 20 —23.8
Suboptimal| 6.022 22 —24.9
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Results

aPHTENEY = (—23.8 £ 1.1+ 3.4+ 2.2) x 1074 GeV?

L1 = —0.0260 = 0.0012 £ 0.0037 £ 0.0025

e QCDSR parameters s, and T*
* Bottom quark mass m,
* Pole residue A,
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Theoretical results

TABLE I: L, predicted by different theoretical methods. This table is copied from [6].
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Discussions

So = (6.01 GeV)? vs s, = (5.95 GeV)? (for
two-point correlation function of Lb)
T2 = 20 GeV?, whichis ~ u;

B =1 is strictly true for dim-0,3,5
LL correction for L1 is about 13%
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Summary and outlook



Summary

QCDSR to investigate the four-quark operator matrix
elements: L1 and L3 (or L1 and B)

At the QCD level, dim-0, 3, 5 are considered, and dim-3,5
~ mu/md

LL corrections are considered

Our results are close to the lower bound of existing
theoretical predictions for L1

Our results can lead to those of Colangelo
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Outlook

More complete version for bottom baryons: Ay, Z;,

Charmed baryons

Doubly charmed baryons...

Dim-6 matrix elements
Dim-7 matrix elements
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Thank you for your attention!



