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Heavy Flavor Physics

» The charm quark was predicted by
Glashow, Iliopoulos and Maiani In
1970.

in 1973 by Kobayashi
Maskawa to explain CP violation.

» Heavy Flavor Physics: b, c, t.
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Flavor Physics Plays a Very Important Role in Particle Physics




Heavy Meson Profile

Heavy Flavor
Physics

New CP Strong
Physics Violation Interaction

Heavy Meson Profile

Heavy Meson Profile Plays a Very Important Role in Flavor Physics




Heavy Quark Effective Theory

EW theory

» The Lagrangian of HQET.
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Figure 5: Philosophy of the heavy-quark effective theory.

[Neubert, Subnucl.Ser 34, 98-165 (1997)]

HQET is Constructed to Describe Heavy Flavor Physics




Heavy Quark Effective Theory

» Using HOQET, observables can be written schematically as series.

Observable = i ZC%(N) (94 (1)) .

mn
y -

Wilson coefficients
Shape function (SF)

Light-cone distribution amplitude (LCDA)

SF and LCDA are Crucial to Describe Heavy Meson Profile




Shape Function and Light-Cone Distribution Amplitude

A heavy flavor meson consists of a pair of heavy and light quarks.

» SF characterizes the momentum » LCDA describes the momentum
distribution function of the heavy quark. distribution amplitude of the light quark.

Together, they provide the most essential information about the profile of heavy mesons.



The “|V,,; | Puzzle”

> The |V,,;| tension

Vi = (4134 0.12 T 013 +£0.18) x 1072 (inclusive), viaB - X, v [PDG (2024)]
Vis| = (3.70 £0.10 £ 0.12) x 1073 (exclusive), viaB > mfv  [PDG (2024)]

» The values derived from |V,,;,|/|V,3| ratio measurements.

V| = (3.43 £0.32) x 1073 (Bs, Ap),

Via
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The “|V,,;| Puzzle”

» The inclusive process: B - X,, ? v

dT(b—c)/dE,
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[Neubert et.al, NPB, 699 (2004)]

» The exclusive process: B - £ v
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[Khodjamirian et.al, PRD, 75 (2007)]
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Definition on Shape Functions

» The definition on SF defined in HQET

0 gt e (B) (0) WO, tr) By (4| B(v))
HQETw _ L pWwv t _ .
ST o) f o (B(0)[Tr0(0) 1oy (0)[ B(0)}

— 00

Here h,, is the heavy quark field defined in HQET, the variable has support —co < w < A, with A = mg — m,,.

» The definition on SF defined in QCD

—6_

T dzm .- (B(ps)[b(0) T W (0, 2) b(2)| B(ps))
QCD (.. ) — ixp % _ :
) /_oo 2 (B(p5)[b(0) T'0(0)| B(ps))

Here the heavy quark field is defined in QCD, the variable has support 0 < x < 1.
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Comparison Between Shape Functions in QCD and HQET

> The typical energy scales possessed by SQCP and SHRET gre different.

Perturbatively calculable
my, > matching coefficient

H = few X AQCD

Agcep

SQCD( SHQET(

X, ) w, (1)

» The SFs should be divided by different regions: “peak region” and “tail region”.
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Factorization Formula

> The factorization formula between SQCP and SHQET

(

Zpeak (T, w, ) @ SHQET(W, 1), r~1—Aqgcp/my (peak region)

S (2, ) = |

| Ztait (T, 1) r ~ Aqep/mu (tail region)

» Expand the shape functions and matching coefficient,

(0)
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asC aC
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SO ! s
+ 2 GHQETM (1, 1) + O(a?). L8O 0 ) 1 0(a?).

27 o tail

15



Factorization Formula

> Identifying momentums of the B-meson and b-quark as pp = mgv™, pf = myvt + k.

> At tree level:

S(zmpv T —myvT— k+):] dw 7V (z,w, p)d(wvT—Ek™).

peak

With

7(0)

+ %—)
peak :

(z,w, 1) = 5(wvT +mpv™ — zmpo

0
Zéai)](ac,w,u) =0.

» Therefore the shape function defined in QCD has a typical support in a small region
close to the endpoint

w 4+ my 1

r =

mas 16



Factorization Formula
» At one-loop level:

1. This necessitates a region-separated
calculation.

2. Work in the space-time dimension d =
4 — 2¢€ and use MS scheme.

3. Keep v - k non-zero and use plus
function

F(w,k+) — [F (w,k+)]@+6(w—k+) /OAth(w,t).
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Factorization Formula

» The matching function at one-loop

1 1422 w2
zN — —1+1 .
tail (5 1) mpvt 1 — { i (1— :U)2mg]

| 1 ) MQ 3 “2 7.{.2
peak(afj,w,u) = (5 In m—g — 5].11 mg + 12

— 2) S(xmpv™ —mpvT —woT) .

1. This result implies the validity of the factorization formula.

2. The plus distributions cancel out in the matching, yielding remarkably simple form of
factorization formula.

3. The “refactorization framework” developed in this work 1s in a similar spirit to LCDAs

defined in QCD and HQET.
[Yu Jia, De-Shan Yang et.al, PRL, 125 (2020)] [Beneke, Yan-Bing Wei et.al, JHEP, 09 (2023)]
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The Two-Step Matching Scheme for Shape Function

» Two-step factorization to access heavy meson LCDA.

my
” == feW X AQCD

Aqcp

bHQET

SFin QCD

* SFin HQET

} Matching

SP (x, ) SHET (w, )
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The Two-Step Matching Scheme for Shape Function

» Two-step factorization to access heavy meson LCDA.

LaMET

bHQET

Quasi-SF in QCD

PZ

my
u = few X AQCD

Agcp

* SF in QCD

SP (x, )

} Matching

* SFin HQET

} Matching

SP (x, ) SHET (w, )
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Determining QCD Shape Function from Model

> ltis instructive to understand the characteristic feature of QCD shape function and beneficial for
future lattice simulations.

» Taking advantage of a widely adopted model of HQET shape function at the soft scale y; = 1.5 GeV,
[Neubert et.al, NPB, 699 (2004)]
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Mass Spin Lattice
Dependence Symmetry Progress

[Shuai Z
2411.

nao et.al, [Jun Zepget.al, [Xue-Yipg Han’s talk]

7101]  PRD, 110 (2024)] [Qi-An Ehang’s talk]

|

Heavy Meson LCDA

|
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Mass Spin Lattice
Dependence Symmetry Progress
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Heavy Meson LCDA
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Simulation

Heavy Meson SF

|
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Dependence
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Symmetry Progress Simulation | | 77
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Heavy Meson LCDA

Heavy Meson SF

|
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|

Heavy Meson Profile

\

CKM New CP Strong
Matrix Physics Violation Interaction

Thanks!
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