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Research Motivation - Nonleptonic decays

channel data SU(3)rp Current Algebra PRD 101 014011 (2020); PRD 97 074028 (2018)
Cheng, Xu '

104B(Af — nt)? | 66412404  85+20 2.7 q,
a(Af — pKY)e 0.184+0.434+0.14  —0.8970%¢ —0.90
a(AF = AKT)? | —0.585 £ 0.049 + 0.018 0.32 &+ 0.32 —0.96 C 19
—0.55 + 0.18 + 0.09 . q;
Chau, Cheng, Tseng
ql ql _ PRD 54, 2132 (1996)
| 1 — —/ —/ —
100R(E9 — x0K9)/ 84 0.6+ 0. 3+1. . O = 5 Z Vg Vi ((39)(§'c)+(q'q)(ac))
10R(Z0 —» StK-)/ | 1.23+0.07+0.10 2.7+0.5 0.71 9,9'=d,s . .
(Ze ) Korner-Pati-Woo theorem
100B(ZF — =27 1) 1.6+ 0.8 0.38 £ 0.20 1.72

Contents lists available at ScienceDirect

R(ZF — Z07T) 1.1+ 0.6 0.17 £ 0.09 0.27
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“Phys. Rev. D 100, 072004 (2019).
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“Phys. Rev. Lett. 122, 082001 (2019). Asymmetries of anti-triplet charmed baryon decays
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Research Motlvatlomleptomc decays

channel data U(3)r Current Algebra PRD 101 014011 (2020); PRD 97 074028 (2018)

2= 10*B(Af — XOKT)e

10*B(Af — ©TKY)®

AB, 5B, M) =
|

aoH(6)i;(BL)* (B, > (M)} + ay H(6)i;(BL)*(B,)L(M)! + ay H(6),;(BL)™* (M) (B,)! +
a3 H (6):;(Bn)i,(M)] (BL)™ + ap(Bo)i (M) H(T5)I* (Be)x + aaH(15){(Be); (M)I(B.)f H+
_+a6<Bn>i< )" H (15)% (B.); + an(Ba)i(M);H(15){*(Bo)x, |

S — e T —— R e —

* Jest the KPW theorem directly

* Protected by the isospin symmetry

» The only two channels in B, — SAP.

1

Cheng, Xu '

Chau, Cheng, Tseng
ql ‘ PRD 54, 2132 (1996)

Better than SU(3) flavor symmetry.

= Y ViV (B0)(@<) (g a)(ac)

q,9'=d,s

Korner-Pati-Woo theorem

B(A7 — X°K™)

QCD corrections [2]
MIT bag model [3]

Diagrammatic analysis [4] 5O ELG

SU(3)r flavor symmetry [5] 5.4+ 0.7

IRA method [6]
PDG 2020 [28]
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Research Motivation - Nonleptonic decays

channel

2= 10*B(AF — XOKT)e
10*B(Af — ©TKY)®
104B(A; — nat)b
a(Af — pK2)©
a(Af — AKT)4
(AT — XOKT)
\e

— 27 KT)

=

100B(Z0 —

$ <

100R(ZY
0

100R(EY — XVK9)/

data

SU(3)r Current Algebra PRD 101 014011 (2020); PRD 97 074028 (2018)
Cheng, Xu

6.6 = 1.2

0.18 £0.43 £0.14

QS’(E? — ZOKSO) is found to be 20
e —8()58;282? _2’;0 times smaller than (2, — =~ xt
—0.985 % 0.049 £ 0.018 0.32 £ 0.32 —0.96
+0.00 1 073 Cabibbo-favored J

—0.95 = 0.18

1.43 = 0.

2.75x0.51 =0.25

32 2.21 =0.11 6.47

4.4

. 2
6.0 Cabibbo-suppressed, V-, ~ 0.05 ]

Cabibbo-favored; large destructive interferencej

10R(E? - X+tK~)/ | 1.234+£0.07+£0.10 2.7£0.5 0.71
100B(ZF — =27 1) 1.6+ 0.8 0.38 £ 0.20 1.72
R(ES — =209T) 1.1£0.6 0.17 £ 0.09 0.27 Inconsistencies qre maimy
found in the E, decays,
L R0 1= BE) > 5 | 10BN - EED=52208 } \whereas the A ones fit well.

100 (Eg —

E 7)) =1.80=x0.52




Research Motivation - Semileptonic decays

F-ﬂ() p— — _F.
2. Ee'y,

Q’TA;" %methOd(Eg — He I/e)

FBelle = (1.31 £0.04 £0.07 £ 0.38) % R(method) =
PRL 127 121803 (2021) 37=0 BN, — Netv,)
‘%ALICE =(243+025x035x0.72)% 19
PRL 127 272001 (2021) ' R,
BLacp = (2.38+£0.30 £0.32+0.07) % 1.0/ t R(method) .
CPC 46 011002 (2022)
‘Eigéil/(B) — (41.()f5 :i: ().]_f;) 9%5 ()°23'-
From B(AF - Aetrv,) = (3.56 £0.11 +0.07)% 0.6- ! .
PRL 129, 231803 (2022)

0.4-
I T(DF — K%*u,)

(DT — getu,
Dy = oeve) 11006, = —0.94 +0.10, !

(Dt — F*Oeﬁ/e)

2 I'(Dt — 7lety,) , . .
Belle ALICE LQCD SU(3) i

X. G. He, Fei Huang, W. W., Zhi-Peng Xing
PLB 823, 136765 (2021)



2. Ee'y,

BRelle = (1.31 £0.04 £ 0.07 £ 0.38) %

PRL 127 121803 (2021)

Ba| 1GE = (243 £0.25 £ 0.35 £ 0.72) %

PRL 127 272001 (2021)

BLQcp = (2.38 £0.30 £0.32 £ 0.07) %

CPC 46 011002 (2022)

From B(AT - Ae™v,) = (3.56 £0.11 £ 0.07) %

['(Df — ¢etuv,)

D(D+ — K etr,)

= 0.91

- 0.006,

PRL 129, 231803 (2022)

1 T(DF — K% *tu,)
— - =0.9440.10
2 I'(D+ — wlety,) ’

X. G. He, Fei Huang, W. W., Zhi-Peng Xing
PLB 823, 136765 (2021)
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6 : symmetricin u,d,s

Categorized according to the SU(3), group
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cos 0.2 + sin 0

—6 .
cosf .=’ —sin 0,



Model-Independent Bottom Baryon Mass Predictions in the 1/N,
Phys. Rev. D 54, 4515 (1996), Phys. Rev. D 55, 10 (1997),

Mass relations Bxpansion [V hen 03 0 L

Breaking Elizabeth E. Jenkins
operators Orders of errors
(SU(3), Jo) Mass Combination Theory Q=cq=b (N eA)=(300,225) MeV

(1,0) (AQ + 95 Q) mo + N.A | 2380% 5687
(1,00 | -3 (Ag+28]) + & [3 (D +255) +2 (2§ + 255) + (e + 2% )| 2L A 207 207
(1,1) L3(Zp-%e) +2(35-28) + (2 - 90 3 A 66* 20
(8,0 (g -=5) Sehy) | —195 —195 [ B2 = 2.5600(11) GeV
8,0 | —3(Ae—5%) +4[3(Za+25p) - (85 +255) —2(R+2%)| | ;aEa(eA | 206 406 | = =2.5784(4) GeV
(8,1) =8 ivmg(eh) | 118 35 B =6 =50315(18) GeV
1) s[3(%0-%0) - (Bo-58) -2 (% -%)] - %58 | Za¥iday| 13 34 | = =593502(5) GeV
(27,1) 1 [(Z5 -2, EH—E8) + () —Q0)| SNz o (Ay) | 023 0.07

)
D

S AN

1
=B - (ZF -2+ QF-Q.) @ B=—(5+Q) - (T - 288 +QF)



Model-Independent Bottom Baryon Mass Predictions in the 1/N,

Phys. Rev. D 55, 10 (1997),

(A, €A,) ~ (300, 225) MeV

—6

= 2.5600(11) GeV

10| =0.137(05)x

= 5.9315(18) GeV

\Hb\ = 0.049(13)x

0,/0. =m./my, ~ 0.3
=36 ~ 40 MeV

';6

- . Phys. Rev. D 54, 4515 (1996),
Mass relations Bxpansion L, stz (2000
Breaking Elizabeth E. Jenkins
operators Orders of errors
(SU(3), Jg) Mass Combination Theory Q=cQ=0b
(1,0) (AQ + 95 Q) mo + N.A | 2380% 5687
(1,00 | -3 (Ag+28]) + & [3 (D +255) +2 (2§ + 255) + (e + 2% )| 2L A 207 207
(1,1) L3(Zp-%e) +2(35-28) + (2 - 90 3 A 66* 20
(8,0) (AQ _ Eg) 53 (eAy) —195* —195
8,00 | -3(Ae—3F)+ 4 [3(Ze+25y) - (3§ +255) —2(2+29))| | =B (eAy) | 406 406
(8,1) =36 gNLCmAQ(eAX) 11.8 3.5
(8,1) L13(Zp-%0) - (35 -28) -2 (% - 0q)| - ;3= L5 LA (eAy)| 113 3.4
(27,0) 1 [(ZQ + 2222) _9 (Eg + 2522) + (QQ + 2%)] 'ndeﬁe”de”t 3.L(2A,) | —44* —44
N o s, O 1
(27,1) S — (2 (QF ’ Sz s (€2Ay) | 0.23 007
Improved equal spacing rule
] =k I 3k k v, S0 :
:szc—E(Zc 2.+ €2 —QC) & & zb=5(2b+ﬂb)——(2



Mass relations

Mixing Angle of =g — =,
in Heavy Quark Effective Therory

Yoshimitsu Matsui *

Faculty of Law, Aichi University,
Nagoya, Aichi 453-8777, Japan

mgq + cos® Og Al +sin® g A\,

AO* AT AT
—cos® g — sin® g ( 1 Ty
ZmQ QmQ ZmQ

mq + Sin2 HQ /16+ + COS2 9Q _/1+

Assume A, = A,, where /12(9 describes the chromo-
interaction among the heavy and light quarks.

HQET : = 8.12° £ 0.80°

96‘

obtained from mass relations : |6.| =~ 25°

3 A
M (AH) = Ay —

(Ag) = mqg + Ao oma
Ao

M (Xp) = A — 1
(Xq) = mq + Ay 2me

M (25) =mq + A —

Mo
QmQ ZmQ
A X,

*\ Al |

M(QQ)ZTFLQ—FI_\,{—

M (EQ) = mgqg + cos> QQI_\E) + sin? 9@[\’1

Missing in the paper O

m
Qro

A
Mg

>

Mg

Ay + Ao AL — A2)

— sin(260)V/3 (

A A
— cos? fg—— — sin® b, ( -
ZmQ QmQ

sin” O Ay, + cos” O A

A A
— sin’ HQ—l — cos” fg ( -
2mQ 2mQ
- Al At A

ZmQ QmQ

+X2+)\2

mQ 4mQ

(A3 — As)
4mQ

+ Sin(29Q)\/§

maq

HQET after revised 0.~ —24°

*The sign depends on the convention



The mixing effects In = . semileptonic decays

pr— pr— P 3 P== — ]..2 B
AE) - E”etv,) = cos 0. A(ES — E-etv,) — R, }
: —06 . —— + b Ré,v
_ 1.01 x R from Ref[5] ? v See ﬂ}}ﬁ)‘\’s talk
AEY 5 B etr) ~ cos 0. AEP - Eety v RfiromRef[6
( C e) ~ C ( C e) ¥ Rfrom Ref[7] X
@
0.8 - S %In 9
ee 5K )uﬁg s talk
[ - cos*0I ~ 0.8
E I Theory 0.0 -
4.0 ! | v 16UB of B,,
! : - 16UBof B,
i i —— §= —0.137n
3.5 l i ——— 9= —02r
i l 0.4 -
xS 3.0 i !
& | i Calculate by the bag model
m VVVVVV:VVVVVVViVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV‘
2.5] i : 02 T T T T
| i Belle ALICE LQCD SU(3) 0,=0  60,= —0.137x
. i NN method
2.0 ! |
E : See HSMB’s talk Relativistic quark model Ref. [5] Particles 3, 208 (2020)
I | L
1.5 ! - . - Ref. [6] CPC 42, 093101 (2018)
—0.2 01 00 0-1 0-2 Light-front quark model o
0 () Ref. [7] PRD 103, 054018 (2021)




The mixing effects In = . semileptonic decays

dE, - Eety) =cos0dE - Eetr)

+sin 0. A (B® - Zetv)

= sin0.A(E® - Z'etv,)

[E,. - Zetr,) =sin*0I'(E - Eetr)

Forbidden for 6. = 0

Prediction
BE) - Eetr,)=(44+£0.5)x 107

BEF - EY%Tr)=013+202)%

f+

Ve
5 Spin-3/2

= = (E%(1530), 27(1530))

Can be recommended to lattice QCD.



The mixing effects In = . nonleptonic decays
_ (6.8832:82? Might solve the discrepancy

VAE) - Eat) £V A E) —

KB (EZT — E,OJZ'_I_) = sin“ 0% (E?Jr N

Forbidden for 8. = 0

Phys. Rev. D 46, 3836 (1992); Z. Phys. C 55, 659 (1992); Phys. Rev. D 55, 7067 (1997)



PHYSICAL REVIEW LETTERS 122, 072501 (2019)

The mixing ef

Either there is mixing or the KPW theorem is invalid
Observation of £(1620)° and Evidence for £(1690)° in Ef —» E-z*z* Decays

600 R D DL DL L L L L
/ ) 1 B 450__ -
See FER’s slide (688t% - (b) :
—0 ——_+\ % S 350 - * 3
= P ~ i O C
VCS‘Q{(“C - =7 )7%,400' S F
O) i 8 -
/ (4P
RB (B — E7")8 o S
=) o
D Sy
£ 200 2z
Forbidden for 6. = 0 0 &
L i
100
S 0
= 4,
£ 3
1
i
s, u




The mixing effects in = .. semileptonic decays

C

[ 1—‘(E‘cc — E‘ée-l_ye) For ‘9(: = —0.137x
RO)=— =—— ——
' I'(E.,.— Eefr,) P.a.a =733+0.23. 032, —0.76
" M =1/2)-1U1 = =1/2) For6. = 0.137x
a’ = R.a,a =046=+0.01, —0.82, —0.38

CTOA=1/2)+T0 = = 1/2)

3 R 0.4 Qo
a/
6_
O_
4_
—0.4-
2_
—0.8"

—7'('/4 —00 O 90 7'('/4 —7'('/4 —16() O 90 7'('/4



The mixing effects In

Current algebra (S wave) + Pole model (P wave)

. honleptonic decays

Table from PRD 101 014011 (2020)

Channel Afac  pcom Atot Bfac Bca Btot Ot heo Qexp
A} = pK 3.45 4.48 7.93 —6.98 —2.06 —9.048 2. ' 18 4 0. 20-0.75 0.18 +£0.45
AT — Ant 5.34 0 534 —14.11  3.60 —10.51 + 28-0.93 —0.84 + 0.09
AT — X0x+ 0 7.68 7.68 0 —11.38 —11.38 —0.76 —0.73 +£0.18
AF - 2t 70 0 —7.68 —7.68 0 11.34 11.34 —0.76 —0.55+0.11
A - EOK+ 0 —4.48 —4.48 0 —12.10 —12.10 0.90
AT -2ty 0 3.10 3.10 0 —15.54 —15.54 —0.95
AT — pr® 0.41 —0.81 —0.40 —-0.87 2.07 1.2 —0.97
AT — pn —0.96 —1.11 —2.08 1.93 —0.34  1.59 —0.55
AY 5> nrt 1.64 —1.15 0.50 —3.45 293 —0.52
AT - AKt 166 —0.08 1.58 —4.43  0.55 —3.700 1.07 X —0.96
AF - SOK+ 0 149 1.49 0 —2.29 —220M7. —0.73
AT - Tt KO 0 2.10 2.10 0 —3.24 —3.24§1.44 x —0.73
BE s=p  RETF > ErrT)=141£0.17£0.10
RE. . — 2 ) = ,—CC '_‘C LHCb, JHEP 46 011002 (2022)
BEee = B REH - Binh) = 6.74

Current algebra, PRD 01 034034 (2022)



The mixing effects In =

SB 6. = —6 Cheng et al. [12] | Gutsche et al. [10]
0. =—0.137x
B Q R B « R 81 ~°°° R(6.,SB
=it > =t 224 —93 0.71 —57
1.45 4.77 | §.
=it > =t 325 —63 13.39 —93
= — = O Tt 2.26 31 Covariant quark model4_
1.17 to three-loop order
=t — BV 2.64 —99 \
=t — =tq0 2.01 -5 0.=0 2 -
02>y Qoo | -
=t — 2t g0 051 -65%  Mo17 -3 R B |-
0 .
—m/ —m/8

For comparison with the others and references, please consult arXiv: 2211.12960

0. = —0.090(12)z, —0.48(1)x

Light-front quark model, PRD 01 034034 (2022)

RETT -

—cc

%('—*++

—cc

. honleptonic decays

W}S /4

=tat) =1.41+0.17 +0.10

LHCb, JHEP 46 011002 (2022)

=) =6.74

Current algebra, PRD 01 034034 (2022)



 Both the mass spectrum and decays
seem to prefer large mixing angle in QM. \ sse ] = Elaiii
» Special thanks to Zx#} and £(;515
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Back-up slide: Validity of Korner-Pati-Woo theorem

Review

Topological tensor invariants and the current algebra approach:
analysis of 196 nonleptonic two-body decays of single and double
charm baryons — a review

Stefan Grootel2, Jiirgen G. Korner?

! Fiiiisika Instituut, Tartu Ulikool, W. Ostwaldi 1, 50411 Tartu, Estonia
2 PRISMA Cluster of Excellence, Institut fiir Physik, Johannes-Gutenberg-Universitit, Staudinger Weg 7, 55099 Mainz, Germany
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channel

2= 10*B(AF — XOKT)e
10*B(Af — ©TKY)®
104B(A; — nat)b
a(Af — pK2)©
a(Af — AKT)4
(AT — XOKT)
100B(ZY — =7 1)®
100R(E? - 2~ K1)
100R (2% — XOKY)/

data

66 I 1

2104

0.18 £0.43 £0.14

—0.585 = 0.

—0.99 = 0.

049 = 0.018 0.32 = 0.32

18 == 0.09

SU(3)r Current Algebra PRD 101014011 (2020); PRD 97 074028 (2018)

8.5 4 2.0 2.7
—0.897029 —0.90
—0.96

/\

T

Y

10R(ZY — LTK-)/| 1.234+£0.07+£0.10 2.7+0.5 0.71
100B(ZF — =27 1) 1.6+ 0.8 0.38 £ 0.20 1.72
R(ZF — Z07T) 1.1+ 0.6 0.17 £ 0.09 0.27
“Phys. Rev. D 106, 052003 (2022).
e T 100, 012001 (o10) |
‘z;r}i(iv:Q;O&Of(i% [ilep—ex]. % (X) I N p Ut :
e e 0 105, o0z ). (X)) 1= ——— 10*B(AT — Z0K+) =52+ 0.8
BE) - E-7t) ¢

1008 (E?

— E777) =1.80x0.52

Z Vig Ve,

qw—ds

Back-up slide: Validity of Korner-Pati-Woo theorem

o ((@9)(q'c)+(q q)(uc))

Korner-Pati-Woo theorem

B(A:

= R

QCD corrections [2]
MIT bag model [3]
Diagrammatic analysis [4]

SU (3)r flavor symmetry [5]
IRA method [6]
PDG 2020 [28]

2118
90110
5.4x0.7
5.0+ 0.6
02 108
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Model-Independent Bottom Baryon Mass Predictions in the 1/N,

- Expansion Phys. Rev. D 54, 4515 (1996), Phys. Rev. D 55, 10 (1997),
Mass relations
Breaking Elizabeth E. Jenkins
Operators Orders of errors
(SU(3), Jg) Mass Combination Theory Q=cQ=0b (A, EA;() ~ (300, 225) MeV
(1,0) L (Mg +233) mo + N.A | 2380* 5687 1 m,
— 6’ _— A —
(1,00 | -1 (AQ + 2522) + 1 [3 (EQ + 2222) +2 ( =6 4+ 2 Q) + (QQ + QQ*Q)] 24 A 207 207 4 A,
1 *x —x =6 *x 1 A% *
(1,1) L3 (35— %) +2(25-28) + (2 - %) 3 A 66* 20
(8,0) (AQ _ Eg) So(ehy) | —195% —195
(8,0) —5 (Ao —83) + L |3(Zpo+285) — (B8 +285) —2(Qg + 200 L 151 (eA,) | 40.6 40.6
) g\ TQ) " 24 Q Q Q Q Q Q 2v/3 8 N\
(8,1) =36 gNLCmAQ(eAX) 11.8 3.5
1 *x = =6 ) x 5 =36 1 15 1 A
(8,1) L3 (%5 -%) - (25 -38) —2(95 - )| - ;535 L LA (eAy)| 113 3.4
27.0 Li(xo+22%) —2(28 + 225 ) + (Qp + 20 ) | Independent 3.1 (27 —4.4* —4.4
sNTmg (€Ay) | 023 0.07
—3 —36 o .
v — | Te =a _ cos 20 —sin 20 VA MO
“ | =36 =e —sin 20 26 e
_ A 1 — P—
dy & =0 costlg sinbg =5 My E(HQ =0)
= (Z.+23¥%) - 2 (B, + 2B¥) + (Q. +2Q}) £0.3MeV I » ) _6 oo
Improved equal spacing rule ¢ —oHYe tOPe —@ My E(EQ +=p)



