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=. semi-leptonic decays

Belle: Phys.Rev.Lett. 127 (2021) 12, 121803

——

B(E® - Z7etv,) = 1.31 £0.04 = 0.07 + 0.38%,
B(E2 — = uty,) =1.2740.06 £ 0.1 £ 0.37%,
B(E2 — Z etv)/B(E) - = ptv,) = 1.03 £ 0.05 4 0.01.
Alice: Phys.Rev.Lett. 127 (2021) 27, 272001
B(E? - E etv,) =2.54+0.8%
B(E — Z7eTv,)/B(EY — Z=7T) = 1.38 £ 0.14 4+ 0.22
from
B(E? —» = 7t) = 1.8+ 0.7%
Lattice:

Chinese Physics C Vol. 46, No. 1 (2022) 011002

B(E? - E-e*v,) = 2.38(0.30)51ar,(0.32)syst. %

B (:'C — =M V,U) - 2‘29(0'29)Stat- (03 l)sySt- /0 : First lattice QCD calculation of semileptonic decays
B(E: N EO€+ Ve) — 7 1 8(0-90)stat. (0-98)syst. %’ of charmed-strange baryons =,

— -0, + _ 0 Qi-An Zhang(3H%¢)'  Jun Hua(*£2)°  Fei Huang(# €)° Renbo Li(Z:{£1#)’  Yuanyuan Li(Z=[EE)’
B(:‘C — = l’t vll) - 6'9 ]‘ (O' 87)Stat (0'93)Syst A) Caidian La( 5 A )% Peng Sun(@ME)’"  Wei Sun(#pEh)*  Wei Wang(EAH)*  Yibo Yang(ig—3%)>"™"



=. semi-leptonic decays

LCSR:
Phys.Rev.D 104 (2021) 5, 054030 Decay Channel Present Work

Semileptonic =, baryon decays in the light cone QCD sum rules
20 5> Z"etrv.e 1.8540.56
0 > E-puty, 1.79+0.54
=F — 2%ty  5.51+1.65
2 - 20uty, 5.34+1.61
=25 — A%etv,  0.092 £ 0.028
=5 — A%ty  0.089 4 0.027
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=. semi-leptonic decays

SU(3) analysis:

Branching ratio

SU(3)y
(a)

SU(3)y
(b)

SU(3)y
(c)

102B(A} — Aetre)

3.6 0.4

3.6 04

3.2+0.3

102B(A} — Apty,)

3.5£0.5

3.6 0.4

3.2+0.3

102B(EF — Z%tv,)

11.9+1.3

9.8+1.1

10.7£0.9

10°B(Ef — =%uty,)

11.6 £ 1.7

9.8+1.1

10.8 £0.9

10°B(E2 - Z~eT v,

3.0x£0.3

24+0.3

2.7£0.2

102B(E2 - E-uty,)

29+04

24+0.3

2.7%+0.2

(a). Equal masses of initial and
final baryons;

(b). Constant helicity amplitude

V(A V(A iria
HY = alY (¢%)(Ba)!T7(3)(Be):

(c). transition form factors
in the heavy quark limit

Chao-Qiang Geng, Chia-Wei Liu, Tien-Hsueh Tsai, Shu-Wei Yeh
Phys.Lett.B 792 (2019) 214-218



=. semi-leptonic decays

SU(3) analysis with SU(3) breaking:

Xiao-Gang He, Fei Huang, Wei Wang, Zhi-Peng Xing
Phys.Lett.B 823 (2021) 136765

Mass matrix: v =

m, 0 0 000
0 mgq 0 | ~ms|0 00| =msXw.
0 0 mg 001

— branching ratio(%)

experimental data

fit data(pole model)

fit data(constant).

channel branching ratio(%) A = A%, 3.6+04 3.61 £ 0.32 3.62 + 0.32

experimental data|SU(3) symmetry| |A} — A%utw, 35405 3.48 4 0.30 3.45 & 0.30

Af — A%Tv.| 3.6404[33] [3.6+0.4 (input)| |=F - Z0tu, 2.3+1.5 3.89 £ 0.73 3.9240.73

AY - A°utv,| 354+£05(33] [3.5+0.5 (input)| |20 > ="etv. 1.54 4+ 0.35 1.29 4 0.24 1.31 £0.24

Ef - 2%t | 2.341.5 ]33] 12.17 £1.35 2w =2 uty,| 1274044 1.24 +£0.23 1.24 +0.23

2 »Z"etv. | 1.54£0.35 [4, 5] 4.10 + 0.46 fit parameter | fi1 = 1.01 +0.87, §fi = —0.51 + 0.92 9

20 5 = puty,| 1.27+£0.44 [4] 3.98 + 0.57 (pole model) | fi = 0.60 +0.49, 5 = —023+0.41 | * [dof =18
fit parameter | f; =0.86 £0.92, §f1 = —0.25 £ 0.88 2/do.f =1.9

No SU(3) breaking

(constant)

f1=0.85+0.36, 6f; = —0.43 £ 0.50

SU(3) breaking




SU(3) breaking — £, — Z.' mixing

R R
0 || B
(a) (b)

<|EQ)>:< cos 6 sin@) <| 352))
=Y —sinf cosf =2y

Mixing angle

[1] [1]



E. — &, mixing to match experiments

From semi-leptonic decays

0.] = 0.137(5)7 (= 24°) from =0 — = etv, (LFQM)

C

Chao-Qiang Geng, Xiang-Nan Jin, Chia-Wei Liu
Phys.Lett.B 838 (2023) 137736

From non-leptonic decays

B(ELT = Ef'nt) B
LHCb: _— ¢ = —=1414+0.17+0.1
BEL S =iat) B
Phys. Rev. Lett. 121, 162002 (2018) JHEP 05 (2022) 038

To fit this ratio:
0 = 16.27° £+ 2.30° or 85.54° + 2.30° (LFQM)

Hong-Wei Ke, Xue-Qian Li, Phys.Rev.D 105 (2022) 9, 096011



E. — 2. mixing in QCDSR

0 (p) = ¢ / dize’ = (0|T{J ) ()7 (0)}0),

(s ) (1) o omorno s
—sinf cos@ J1 i/d4:veip'x(0|T{J’(g;)j(())}|()> il

{ O = (1.2 ~ 2.8)° for the Q@ = ¢

()

O, = (0.28 ~ 0.34)° for the Q@ = b Heavy quark limit: @ - 0

Eur.Phys.J.C 83 (2023) 10,961  Revisiting = g — E’Q mixing in QCD sum rules

Xiao-Yu Sun', Fu-Wei Zhang!, Yu-Ji Shi’>, Zhen-Xing Zhao'°

1'School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, China
2 School of Physics, East China University of Science and Technology, Shanghai 200237, China
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E. — &, mixing in LQCD

Cc

1.0 ﬁ ¢ 0 = (1.22 4+ 0.13 £ 0.01)°
081 5 ¢ |
1@
0.6 - — 77T
0.65 0.70 0.75 0.80 0.85
1/m50
E. — =, mixing From Lattice QCD Phys.Lett.B 841 (2023) 137941

Hang Liu,! Liuming Liu,>3 Peng Sun,®3 Wei Sun,* Jin-Xin

Tan,! Wei Wang,»® * Yi-Bo Yang,%"%3 and Qi-An Zhang®: | .



E. — &, mixing from SU(3) breaking



!

Extracting 2, — £, mixing angle

The Lagrangian can be decomposed into SU(3) conserving and
breaking terms:

Lqcp+qQep = Lo + AL

Z "pq le My, wq + 6 esqu’qu

+ eecwcch, \ /

The same mass and charge for u, d, s,

SU(3) conserving

= ?7;8 (mu — ms)¢s + 6(6u — es)ﬁquu

The mass and charge differences are attributed to the
SU(3) breaking terms

13



!

Extracting =, — £, mixing angle

Hamiltonian: H=Hy+ AH
The SU(3) conserving Hamiltonian is diagonalized by =32 and = :
Hy|E3) = mz3|E2), HolES) = mag|EC)
The full Hamiltonian is diagonalized by Z. and £, :

HIE:) = mz,|E.), HIEL) = ms

1]
il

[
~~—

=3),128)", 1P) = (|2 ), 1E)"

Transformation between doublets: |S) = (

cosf sind

)= (55 won0) 1) =U1S)

14



Extracting . — £, mixing angle

In the basis of |S) =

23),128))" -

_((E (S HIES 2
H = (S5l meses:

ACAIETE: i)
(EQ(SIIH[E ( 2))
‘v S) = UT|P)
(27'(' 35(3) 55 S!
mZ_cos 9—|—mE,c sin® 6 |(m% —mZ,) cosfsinf
X (mi —m2,) . SR

2, )cos@sin® mZ sin® 6 + m2, cos26
—c - “—c

t

(E2(SL)|HI=X(Sz))
= (2m)36®)(0)6s. s:(m 2 - %)81n29

[I] [I]
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!

Extracting 2, — £, mixing angle

On the another hand: H=Hy+AH

‘ (E¢|Hol23) = 0

H, conserves SU(3) symmetry

(ES(S2)IHIEX(S:))

_ 35B3) () (=8(S”VIAH(0)|=3 S, An unkown
(2m)°6 @ (O) (EX(SL)AHO)EL(S:)) AT

(ES(S)|H|EX(S:)) I

— (27r)35(3)( 0)ds, s: (m~ —mzl)stH Mixing angle

. . 1§ (E2(S:)|AH(0)|E2(S-))|
Extracting 0 ‘ sin 20 = 5 Z 5 2

m= — Mgy

Sz =c “c

16



QCD contributionto =2, — &,

AH,p = (Mg — my)Ss

Calculate a three-point correlation
function on lattice: c

_ _ e [
0§U(3) ( Y ,0) Osy) ()’ ’ tseq)

| M55 * 6]

C11P29S | 0.155(14)GeV | (0.97 £ 0.08 £ 0.25)°

Hang Liu, Wei Wang, Qi-An Zhang, arXiv:2309.05432
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/

QCD contributionto =2, — &,

DN | =

S (ES(P,S,) | AHqep (0)[E2(P, S,))  AHqep = e(eu — es)udty
Sz

§ S S > > >
AHorp AHop AHQED;M%
> u u > > u u > R—> .

) (



The three-quark picture of LFQM

~

== p, Light-cone 3-momentum p = (p*, 1)

p:_ =$iP+, ﬁiJ_ :xiPJ_+ki_L7

_— D l 3l

Z?:lxi:l Zzl_o
2
’L

Pz Onshell: p;p; — P71

u

Light-cone 3-momentum conservation
A

‘4 \
_ 6@ (P —p1 — po —
=36) = / (2, {d%:} ) 2(2rm)? (r \pﬁp pg)z L flc (P A1) 87 (P2, A2) uP (p3, As))
dp+d2m Wave function

{p}— \/pj



Three-quark picture in LFQM

>
_ c ki, B1
=3
~-c
— S — Dy
N p3 kZ _ k31 ﬁ23
u

Spin: Y3 = At (p3) (P + M) (—5) Cx, (p2) Gr, (p1) u (P) ®(zi, kiL)

€1€2€3 k2 — k3

(P 79 k:z - E ’ ’ ’
(@ki) = |2 (R, )0 B
. T 2 —k2 —k2
¢(k, /8) —= 4 (I@) e 232 :
Zhen-Xing Zhao, Fu-Wei Zhang, Xiao-Hui Hu, Yu-Ji Shi
Phys.Rev.D 107 (2023) 11, 116025

Momentum:

20



LFQM Calculation

C —o— C Cc C C C
C
<

S N > S S S S S

AH %:H AHqep
U e U U ® orp Uu g\% U
(a) (b) (c)
Contributes Vanishes Vanishes

\ 4

The charm quark spin is changed by photon, a 1/m, effect.

hyi(v - D)hy — —h zplz ( ) D*h,

S d
pin conserve Spln changed

—i(v- D)
QmQ

mQ T HQED l
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LFQM Calculation

1
> > C
—’p— 2 * — p] The only possible IR region is I> = 0
! ; l=p1—n ]
— — (11 |
P2 AHoep P9 X 2 No IR divergence
U . ) U
[ — O R —
b3 p3

u — €s) (Ec(1)| ¥ (0)A(0)14(0) [E(0))

1-a; 1-a, dky dkodk,
/ dml/ dm/o dxl/o [2(27r) ]3
by bok, A2

VErrh(1—z1 — x2) (1 — o} — x2)

TraTrp
/ /
X®(xi, ki1 )P (x;, ku)m

X 27 / dadp
0
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Very small !

23



Conclusion

» To match the measured semi-leptonic decay BF, the
required . — E.' mixing angle is around 10° — 30°

» QCD contributes only ~1°
> QED contribution is much smaller; 0.04°

> It seems that the Z. — Z." mixing effect is too small to
affect the =, decays

Any other mechanisms to explain the gap between exp. & th. ?

24



K,(1270) — K;(1400) mixing

|K1(1270))\ [ cosfk, sinfg,\ (|KiB)
|K1(1400)) ) \ —sinfg, cosfx, ) \|K14)

9K1 = 220 + 70 or 9[{1 = 680 + 70

Yu-Ji Shi, Jun Zeng, Zhi-Fu Deng, arXiv:2310.20429

)
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Thank you for your attention !



