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Introduction

 Determine CKM matrix elements;

* Charmed baryons semileptonic decays provide an ideal
platform to study the strong and weak interactions.

* Important for the experimental researches of heavy

baryons:

- Studies of doubly-charmed baryon Z" decay

R. Aaij et al. [LHCb], PRL121, 162002 (2018)

- Discovery of new exotic hadron candidates €2
R. Aaij et al. [LHCb], PRL118, 182001 (2017)




Introduction

» contains more versatile decay modes

iso-singlet /5\

iIso-doublet

» A different pattern between
inclusive and exclusive decays of
and D:

BN — Xetv,) = (3.95 £ 0.34 £ 0.09) %

B(AF — Aety,) = (3.63 £0.38 £ 0.20)%—
I~ 1
|

BD° — Xetv,) = (6.49+0.11) %

BD® > KDev) = (3.542 % 0.035) %
~ 2

L

M.Ablikim et al.[BESIII],PRL121,251801(2018)




Theoretical tools for Charm 5
S

v'Quark Model:

Light-Front Quark Model....
v'QCD Sum rules
v'Light-Cone Sum rules

v'SU(3) symmetry
C.Q. Geng, Y K. Hsiao, Chia-Wei Liu, and Tien-Hsueh Tsia, PRD 97,073006

Cai-Dian Lv, We1 Wang, Fu-Sheng Yu, PRD 93,056008
Xiao-Gang He, Yu-J1 Shi, We1 Wang, Eur. Phys.J.C 78,56




Data on experiments and lattice 6
-]

[ J [ J
v Experimental v" Lattice
k endin
PRL 115, 221805 (2015) PHYSICAL REVIEW LETTERS 27 NOVEMBER 201 . o
A, - A"y, Form Factors and Decay Rates from Lattice QCD with Physical Quark Masses
Measurement of the Absolute Branching Fraction for A; - Ae'y, Stefan Meinel
Department of Physics, University of Arizona, Tucson, Arizona 85721, USA and RIKEN BNL Research Center,
BES‘IH; PRL 115 322 1805 (20 1 5) Brookhaven National Laboratory, Upton, New York 11973, USA
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
ALICE I axXiv:1611.09696
Measurement of the cross sections of =2 and =7 baryons and of the
branching-fraction riﬁrhlgﬁﬁsag;?ﬁ;eigﬁésk(zg — =7 t) in pp
R =, -+ 2 Form Factors and Z, —+ Z{7y; Decay Rates From Lattice QCD
Qi-An Zhang,! Jun Hua,” Fei Huang,® Renbo Li?® Yuanyuan Li?
PHYSICAL REVIEW LETTERS 127, 121803 (2021) Cai-Dian Lii*5 Peng Sun* Wei Sun* Wei Wang, ' and Yi-Bo Yang®"/F
Measurements of the Branching Fractions of the Semileptonic Decays axXiv:2103.07064
EY - E-#*v, and the Asymmetry Parameter of E! - E-z*
Belle; PRL 127,121803(2021)




Data on experiments and lattice

I4
]

v" Compare with PDG, experiment and theory

PDG X (B)-> Ee'y,)=(18+12)%

Belle % (E)-E-e*y,)=(1.31+£0.04+0.07+0.38)%
ALICE % (B} > Ee'y,) =

€

(127 +£0.06 £ 0.10 =+ 0.37) %

QCDSR % (52 — E‘e+v€) B4x1.7)%

LFQM B (B2 > E7ety,) = (349£0.95) %
LCSR % (E) > E7e'y,) = 24190 %

v’ Lattice B(Z2 - Z7etv,) = (2.384+0.30 £0.32 £ 0.07)%
B(Z, = E etre) =(2.29£0.29 £ 0.30 + 0.06) %




SU(3) symmetry 8
e

* Semileptonic charmed baryons decays

[(E) = 2 0Ty) =T(E - 2Ty = (A+ A1t y)

=c

* The SU(3) predictions for =, decays

branching ratio(%)

channel -
experimental data|SU(3) symmetry

A - A%tv.| 364041 [3.6+0.4 (input)
AY - A% Fv,| 354051 |3.54+0.5 (input)
2F =+ 2%t | 23+1.5[2 12.174+1.35
Ee > E e[ 1.54£035(3,4] | 4.10£0.46
20ty 127£0443] | 3.98+057

1]BES-III; PRL 115,221805(2015)
2]Particle Data Group

3]JALICE; arXiv:2105.05187
4]1Belle; PRL 127,121803(2021)

| e B e B e B |




SU(3) symmetry for anti-triplet charmed baryon decay 9

* The low-energy effective Hamiltonian can be
decomposed in terms of Hg

(H3)1 =0, (H3)2 — cti? (H3)3 — ch

* The corresponding helicity amplitude:
Hx, = ay™ x (Tu3)" (Hs)  €ipm (Tx)}

ai\’)\w :SU(3) irreducible nonperturbative amplitude




Semileptonic anti-triplet charmed baryon decay

10

* Using helicity amlitude method, the amplitude

A(B. = BylTwy) = TZVXBHW (1- 75>C\Bc>l€+vmv”<1 = 5)0[0) gy

(. = B ()6 0)

ioH g .
ay ™ =) [fw“ o+ f:%] u(i)eg, (M)

Yol
M,

Defination:

y qt .
o f;,ﬁi]w(meu@m

—a() [fh“ i

 Experimental and fit data

branching ratio(%)

channel
experimental data fit data
Af -5 A%Tve | 3.60+0.40 1.94+0.18
AY =5 Auty, 3.5x0.5 1.87 £0.176
= 5+ 2%, 23X15 6.53 = 0.60
2 5 27ty 1.54 +0.35 217+ 0.20
=0 =+ 2 uty, 1.27+0.44 2.09+0.19
x>/d.o.f =143 f1=1.054+0.30 |fi =0.11£0.95

SU(3) symmetry not good symmetry




SU(3) symmetry breaking
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the mass Matrix can be written as:

m, 0 0
M = 0 mg 0
0 0 mg
000

~mg |00 0] =msXuw.
001

* Neglecting the masses of u and d quark,

* Helicity amplitude

A A w
H“\W—al

X (Tcé)[ijl(H?))kéikm(Ts)m
()™ x (T5) i) (Hy e (To) ]

+a3™ X (Tcé)[m](H3)k€kjm(T8)?W‘%
Fay ™ X ()™ (Ha) i (To)

0™ x (L) ) un T

Symmetry breaking term




SU(3) symmetry breaking in helicity amplitude
T

v  Amplitude :
channel amplitude II
AF = A%Hy /(@™ +a,5 W)V
A;I' —nlty ai
= 20ty O G L G
ek Bint @ Aw+2 39 v )\,Aw_am,)\w)vc,h
e — A"/ 1 — 1 \/63 4
Bl 5 Bl v | (o) gl — g} piReyas
20 5 Y4y, (a AW a{;‘ Aw a'f S “)Wea
50 5 B | (a}™ + a M — a4 ad )V
A A w A A w 2 _
ai”™ +az" = f1(q7) x a(A)yFu(N)e, (Aw)
2 — *
—f1(g7) x a(M)y*ysu(Xi)e;, (Aw)

» Constant

a (i =1,2,3,4,5) =

’L

» Pole model

Constant

12




SU(3) symmetry breaking in helicity amplitude
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v'Experimental data and fit results

(constant) | f{ =0.8510.36, 6f] = —0.43 £0.50

branching ratio(%)
channel
experimental data |fit data(pole model) |fit data(constant).
A =5 A%y, 3604 3.61 +0.32 3.62 +0.32
AY = A%ty 3.5+0.5 3.48 +0.30 3.45 +0.30
=F = =%, 23415 3.891+0.73 3.92+0.73
20 3y Z7etw. | 1.5440.35 1.29 +0.24 1.31 £0.24
= =22 pty,| 127404 1.2440.23 1.24 +0.23
fit parameter | f; =1.01 +0.87, §f; = —0.51 £0.92 ;
, _, X /do.f=16
(pole model) | f; =0.60£0.49, §f; = —0.23 £0.41
fit te =0.86+0.92, §f; = —0.25 £0.88
parameter | f; =0.86 £0.92, 6 f 0.25£0.8 Pdof =19

v Differential decay
branching fraction

etv)
—
wn

b —

—
o

dB/dq?(=.°—»
o
on

0.0+

\ = B(polemodel)
I - B(onnstant)

00 02 04 06 08 10 12

q2




Symmetry breaking caused by the EQ — E;O/ i 14

v’ Amplitude : v" Helicity amplitude

channel amplitude
rHt o5 3ty — (ci")‘“’ + CQ’M) Ve A A 5 k
‘ = Hy o = 7 x (Tog) Y (H) e €0 (To)T
s+t 5 plty Ci\,)\w - Y AW 1 ( c ) ( ) v m( )j
s+ s 301+, (c""‘w o+ me) v / A A i k m\
S (137 x (To6) ) (Hy) eipn (T5) ')

> s nlty 1\/5"‘1

— + 07+ 1 KyRags Ay A A Aw * - “ ;
e A e 1 C R S R +ea™ X (Tog) U (Hs)Fep jm (Ts) Ml
— 0 (_SCi’Aw —2cy 1w +C§’Aw +cy )\w)Vcd

= 5 ATy s % & fim e .

yAw in m

ot Zort, (C?,AW+CS,AW_Ci,AW_l_CQ,Aw)V:S —I—C4 X (Tcﬁ) (H3) Gjim (Tg)k L{J%
= = oA Ao ery % .

He +Z 1w (cl + ¢ )Vcs o™ x (Tc6)[m](H3)k€mm(T8);nw2

A, A AL A NN *

T B G i N

—c — Z l 1% (CA,AW-FCA,AW _C@Aw +C)\’Aw)v /
—=/0 ——1+ 1 2 4 5

= > =2 1Ty NG

Qg — =271y — (ci"’\“’ + CS’A“’ — cg’)\w) e




Symmetry breaking caused by the EQ — E;O/ i 15

v Amplitude for mass mixing :

channel amplitude 1
AF = ATty —\/é (@™ +ag” ") Va
AT s nite a1V
AL A
_ (e dw X Aw A Aw _© V>
= o 2%y, L 3 jﬁ 2 d
b .
- (a}Pw 1203w —adAw _ad e 2 gy » Leading order
=) = ANy — NG A
- o MAw ¢ AAw AAw KAy R ¢
=8 5 % v | = (@ +ap™ —ad o+ o)V | | ETS o Y (o ) — a4 oM+ )
s o W
=9 5 Rty (@™ + a3 —az™ — 0V V2
=0 _, =— g+ XN Wi AN i XX B e 2 :
20 =+ E T w| (a1 + a7 —a" +ag™ + )V Neglect the O(m?)and higher

order corrections




Prediciton 16

v  Amplitude : v Estimate :

channel amplitude I
AF — ATty — 2@ + a2V B(AT = netv,) = (0.520 £ 0.046)%
AY > nlty L a1V J
e + + _
=+ s Euf_i_l.-" Ea’l‘irlw_kﬂ';,‘hw _'u-i_:lw __JT/'E'_E}VJ:{ B(A‘C — n'LL ILLV) T (0'506 :|: 0'045)%
— - /2 Ak
Eﬂ.x__;uw ot e _ﬂA,AwHﬂl__lw_i_ﬂc] s A oyv*
=+ 0 g+ | 2 3 4 V2
el — A E Ly !‘!E —
=5 = 2% v |—(ap™™ + a3 — g™ + gz + 2—0)Va
T
=) — o+ O AL Ay Ay A €y . 5 -
E. = 270 (ai"™ +a3™ —ay™ — “—0)Veq Assuming ag")‘w giving no
A A . .

22 E 0| (a7 + a3 — a4 e + D —0)Va contribution




Prediciton 17

v  Amplitude : v Estimate :
BEF — XY v,) = (0.496 & 0.046)%
channel amplitude 1 B(ES — X%uTv,) = (0.481 £ 0.044)%
AF = Aty —.ﬁ (@} + a3 )Va
AT 5 nlty a1V B(EF — Atv,) = (0.067 £ 0.013)%
=ty 500+, @M pad e —ad M- S oy BES — A%utv,) = (0.069 £ 0.0213)%
=} s
= {a 2 g e —a;"}‘“’—-ai-""“”-i-—l—ach:w v
E5 5 A%y — = — B(EY - eTr,) = (0.333 £0.031)%
=5 = 2% ve|—(a)™ + a3 — a3 +ag? + 0V B(E? —» X pty,) = (0.323 +0.029)%
Assuming aé\”\"” ; a§ A aé\’/\“’
giving no contribution




SU(3) symmetry in anti-triplet beauty baryons
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* Helicity amplitude in SU(3) analysis

o, =0 x (i) HS) e (Ts) T + 07 x (T (T

C

channel

amplitude

branching fraction (%)
4.1 + 1.0(input)[1]

31

i " o

] > |

\ . v
c/b

. A

. = :

\ g Y




SU(3) symmetry breaking in anti-triplet beauty baryons 19
e

* Helicity amplitude in SU(3) analysis * Helicity amplitude
hannel litud

Oc anne amr;\;u e i B b)\))\w - i kL ym
Ay — pl™ vy b My — Y1 X( b3) ( 3) ezkm( 8)j
S W N il i (H037  (Ty3) P (H3) eiom () o
= — EOE_IZQ bi\’Aw_bg’Aw_bi’Aw
T A Aw - .
,_b_ AV bi")\"”+2bg’)"‘”\/§b§’)\w—b2’)‘w +0377 X (Tcﬁ)[m] (Hé)kﬁjkm(TS)gnw%
=y AL Vy 76 A . g

+b37 x (Toz) P (HEF €0 (T) wd

Ag_>A;|—£—I7£ 26?,)\1” 4 ( 3) ( 3) k ( 8)j
5 Ef | 2+ e Cbé”‘w < (1) (H;) einn (T9)]
=, — BN 2e1 + ey /

+ep ™ x (Tyz)!! (Te3)1ig1
[["‘eé\’Aw X (Tbg)lZJJ(Tcﬁ)[kj] ]]

§F(52 — YT )

I(Z, — 2% 7,)

Symmetry breaking term




Summary 20
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» We have analzyed the latest data on charmed baryon decays, and found
large deviations from SU(3) symmetry;

» We obtain a reasonable description of all relevent data with SU(3)
symmetry breaking effect;

> As an estimation, we give the branching ratios for A, — né*v,, =, — X0,
=0 0p+,, =0 —pt
e — A7/ Vg,_,c%z Iy

» Extend the analysis to the semileptonic decays of anti-triplet beauty
baryons.

Thanks!




Backup
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backup

channel amplitude II
AF — A%y —/2(@ + eV
AT > nlty a1Vzg

= 0
= = X0y,

Xk A X oA
(a 'w_l_ w__q 4 w)Vc:tl

s A ALA ﬁ)\ A AL A
/ /

:+ _>A0£+V _(a'l w+2 w 3, w_a4 ’ w)th
e £ V6
= I, A A A AL A

+ —F & OE+V£ _(le w + CL2 — 054 w + 0’5’ w)"/c’;
=0 + Xip 22X, Ay *
—c — E f Uy (a; + CL3 - a4 ) cd
:O —— -+ A f)\ )\ IA A'w )\s)"w *
—c — = E Uy (al + az - a4 + a5 )-"/CS

)\)\w
ay

A A

(g

)\)\
a3

22

+az™ = f1(¢%) x aMFu(h) e (M)
—f1(¢%) x a(N)Y*ysu(Xi)€;, (M)
—ay™ = 3f1(¢%) x a(My*u(h, )€, (Aw)
—01(¢°) x w(A)yHysu(Ni)e; (Aw)
= Afi(g?) x a(MN)y u(Xi)e (M)
~Afi(g%) x a(AyHysu(Ai) ey, ()




