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OUTLINE

* Introduction
* Model setup

* Non-perturbative parameters in quark models

e Results and discussion




Krauter Quark

INTRODUCTION Herb quark

Towards charmed baryons

* Charm quark is special for its mass implying the theoretical challenge.

* Baryons provide a good platform to study charm physics.

SU(4) 20-plet with an SU(3) decuplet ~ SU(4) 20-plet with an SU(3) octet ki

Charm 2025 ?



INTRODUCTION

Doubly charmed baryon family

PRL 119, 112001 (2017)
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Observation of the doubly charmed baryon decay
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INTRODUCTION

Extracting information of Z " decays from experimental results

LHCb JHEP 05 (2022), 038
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KINEMATICS

* Partial wave amplitudes

CM frame

dynamics

* Physical observables

- decay width or
__ D¢ (m; + mf)2 — mp , (m; —mg)* — mp

I > A|? A . BI*|] branching fraction

- 87| m;

absolute size of amplitudes

_ 2kRe(A*B) | longitudinal polarization
A]* + x*|BJ?

a

relative size and phase of amplitudes
:




DYNAMICS: TOPOLOGICAL DIAGRAMS & POLE MODEL

* topological diagram method

* a tool to manipulate fit ( meson case: Chau & Cheng PRL56(1986)1655 )
* a tool to assist in analyzing dynamics

non-factorizable
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DETAILED AMPLITUDES

A summary of all amplitudes

factorizable AR = \/_ial’ZVZdVCSfP(mB « ~ms)f1lg).

: G
amplitudes Bfec — —\/—gal,zvdecsfp(mb +mg.)g1(@%)] non-perturbative parameters
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MIT BAG MODEL (STATIC BAG MODEL)

R
Ny = ( /O drr?(ji (pr) + i (pr))

N ( —isgn(ngl((:?-a)r)jl'(w ) >X

MIT bag model

abc

Baryon wave function: = |BT) = —eam/xs oo :I:l,ajz,xg)\IfB(qlqzqg)(CBh:I?z,ivg)[d?’:v”())

\IIB(CI1Q2Q3)($17 L2, 333) ¢Q1 (xl)qu ($2)¢q3 (553)
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NON-RELATIVISTIC QUARK MODEL

2 2 2
T oM 2m, " 2m, " 2ePRPT M
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(B.(p2)|cr,(1=ys)u|B..(p1)) =1, [ 1(g%)y, _fZ(qz)iG””M+f3(q2)Z4_#_

MODEL ESTIMATIONS
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app = <BI|H£f(E 1B) =
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2V/2

MODEL INPUTS
(Bo(p)|er,(1=75)ulBoc(pr)) = [fl (@)1= o)

VcsVZdC— <Bl|0— |B>
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O-yuﬁ+f3 (qz)_ﬂ_

M

A(m)

(2p1,002)  fi(mp) g1(m%)  gpyp (BrlO-|Bi)

mH _ mt gt

CccC C
MBM 0577 0222  -0217 0.0214
NRQM

Case 1 (0.50,0.21) 0.709 0236  -0.333  0.0310

Case 2 (0.51,0.19) 0.574  0.191  -0.333  0.0247

Case 3 (0.53,0.17) 0425  0.141  -0.333  0.0191
Eee — Bon®
MBM 038 0703  -0217 8.4x107°
NRQM

Case 1 (0.50,0.21) 0.397 0.662  —0.333 0

Case 2 (0.51,0.19) 0.323  0.538  —0.333 0

Case 3 (0.53,0.17) 0240  0.400  —0.333 0

4m.(mg + m,,)?
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RESULTS

Afac Anf Atot Bfac an Btot 1 02 B a,
B Eat
MBM 740 -10.79 -3.38 -15.06 18.91 3.85 0.69 -0.41
NRQM Case 1 0.1 —-156 -6.5 -16.0 274 11.4 3.01 -0.78
Case2 ' 74 -124 -50 @ -13.0 21.8 8.8 1.83 -0.78
Case3 74 -108 -34 @ -15.1 18.9 3.8 0.69 -0.41
2 Bt
MBM 4.49 —0.04 445 -48.50 0.06 -48.44 465 -0.84
NRQM Case 1 4.6 0 4.6 —-45.6 0 -45.6 4.32 -0.89
Case2 3.7 0 3.7 -37.1 0 -=31.0 2.86 -0.89
Case 3 2.8 0 2.8 -27.6 0 =27.6 2.16 -0.89
LHCb 1.41 +£0.20

[15] J.G. Korner, Octet behaviour of single-particle matriz elements (B'|Hw|B) and (M’'|Hw|M)
using a weak current-current quark Hamiltonian, Nucl. Phys. B 25 (1971) 282 [INSPIRE].

NF amplitudes are suppressed for Ej 7T mode, due to Korner-Pati-Woo theorem. s o rismaci wo, ar— 3 re vis ermion marks, s e '3 197 202

[INSPIRE] .

» Both S- and P-wave NF amplitudes in Z7 7" dominate and have destructive interference with factorizale ones

» MIT bag model estimation gives small E"z™ and large ratio R.
* NR quark model estimation can reach experimental requirement, taking Case 2 as an example.

* The sizes of non-factorizable amplitudes: bag model <]L\IRQM.




COMPARISON

Afac Anf Atot Bfac an Btot B a R
B — Bt
MBM [11] 7.4 —10.8 -34 —-15.1 18.9 3.8 | 0.69 -0.41
NRQM
Case 1 9.1 —-15.6 -6.5 -16.0 27.4 114 | 3.01 -0.78
Case 2 7.4 -12.4 -5.0 -13.0 21.8 8.8 | 1.83 -—-0.78
Case 3 5.5 -9.6 —4.1 -9.6 16.8 7.2 | 1.20 -0.78
Gutsche et al. [5] —-38.1 11.5 34 13.0 -18.5 -5.6 | 0.71 -0.57
Sharma & Dhir [8]
NRQM 7.38 0 738 —16.77 2495 -41.72 | 6.64 -0.99
HQET 9.52 0 952 -1945 -2495 -4440 | 9.19 -0.99
Shi et al. [6]
LCSR+HQET 952 -16.67 -7.18 -1945 -2047 -3992 | 6.22 +0.99
Ke & Li [9]
0 =16.27° 2.14 -0.09
0 = 85.54° 2.14 -0.95
Liu & Geng [31]*
SB (0 = —24.7°) _ 516 _ 5.6 136 188 | 224 -0.93 = mixing
HB (6 =24.7°) —-20.3 -13.2 -22.1 33.0 10.9 —0.30

10.3
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 current data on Br and R
o future measurement of «

help to discriminate
theoretical studies




SUMMARY

* |t is the time to study charmed baryon decays.

+ The decays Z+ — EV%z" have been studied theoretically in the pole model with
the assistance of topological diagrams.

* Non-tactorizable contributions play an essential role in charmed baryon decays.

» Two quark model have been investigated in the calculation of non-perturbative
parameters contributing to non-factorizable amplitudes.

* Current data (R and one branching fraction) can be explained in proper parameter

space of NR quark model or bag model with sizable ZE_. mixing. ﬁ@““

* More experimental and theoretical progresses are anticipated.
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R=2I'E) 5> Z e'v,)/3T'(A] — AeTv,)

Bgee(Z, — 2 €etv,) = (1.31 £0.04 £ 0.07 £ 0.38)%,
Barioe(E2 = E-et,) = (243 4£0.25 £0.35 £ 0.72)%,| BAZ = AeTwe) = (3.56 £0.11 +0.07)%

C

BLQCD(ES — Z7e' ) = (2.38+0.44)% l BESIII

R(Belle) = 0.33+£0.10, R(ALICE) =0.60+0.21, R(LQCD)=0.59+0.11

L |
o

R =0.46+0.07, Rg =0.5940.10 =.) = cos 6.

=) = cos 0.

R(SU3)r) =1
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