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1. Introduction

The heavy-flavor baryons €. and €2, contain two strange quarks and differ from A,
and =,.
Q

Experiments on (2. and Q, baryon decays are limited.

Whether the methods used to study A, and &, baryons are also valid for €2, baryons,
particularly the light-cone sum rules approach (LCSRs), remains to be investigated.

The PDG status of €, baryons 1s as follows:

Citation: S. N t al. (Particle Data G , Phys. Rev. D 110, 030001 (2024) and 2025 updat by :
et avasistl (Racticls Dt Glolw), Fhivs: Rew 2028 i Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

0 1(JP) = 0(41) Status: k%
= 0(5 :

Qc _Q; 1(JP) = 0o(31) Status: * *
The quantum numbers have not been measured, but are simply I, J, P need confirmation.
assigned in accord with the quark model, in which the Qg is the ssc In the quark model .QE is ssb ground state. None of its quantum
ground state. No absolute branching fractions have been measured. numbers has been measured.




1. Introduction

* Absolute branching fractions are seldom measured (e.g., Q. decays are referenced to Q™).

* Moreover, the lifetime of €. has not been precisely determined.

2° DECAY MODES

No absolute branching fractions have been measured. The following are

2, DECAY MODES

branching ratios relative to 2~ 7.

Scale factor/

Mode Fraction (I';/T") Confidence level
29 MEAN LIFE
€ Mode Fraction (I';/T) Confidence level M J/Y 2~ xB(b — ) (14t82) x 106 S=1.6
E(10-15 ¢ EVTS DOCUMENT ID TECN COMMENT Cabibbo-favored (S = —3) decays — relative to 2~ 7+ M pK K~ XB(_E — 2) <23 x 10~9 CL=90%
+12 OUR AVERAGE rn ot DEFINED AS 1 M3 pr 7 xB(b— ) <15 x 1078 CL=90%
+48 +11 88 ABUDINEN 23 BEL2 efte™ — rzg + X, r, Q2 ata° 1.80 £0.33 g pK 7 xB(b— 2) <7 x 1079 CL=90%
0, ot M3 Q pt . >1.3 90% I's .ngr7 seen
c - 0.~ (0 - K=t
84134+ 45 1.2 aApl) 22v LHCB pp — Q.X, Q. — M4 Qfﬂr 27 0.31 +0.05 T Qer™, 22— pKT KT seen
K- K-t Mg 2 e v, 1.98 +£0.29 r;, =tk seen
P T -+ —c
+24 +10 978 L3AAL 18) LHCB 2 — Q.pv+ X, 2. — e L2 pu, 104 021 fg ATK K-
=070 c
pK— K~ r; :OK 1.64 +0.29
e e o We do not use the following data for averages, fits, limits, etc. ® o ® g = f;ﬂ+ _ 1.20 +0.18
2] 11 <11 64 LINK 03¢ FOCS 0-nt =— K—ntnt Io Z0K*0, KO — K—nt 0.68 +0.16 https://pdg.Ibl.gov Page 2 Created: 5/30/2025 07:50
13 +18 ' Mo 2(2012)~ 7", 0(2012)" — 0.12 +0.05
55 T17 3% 86 ADAMOVICH 958 WA89 @~z =tz =0 jo—
= — -+ _+ =— KO+
=K rntna N1 =K%z 212 +0.28
M2 0(2012)~ 7 F, £2(2012)~ — 0.12 +0.06
https://pdg.lbl.gov Page 1 Created: 5/30/2025 07:50 =—K0
s = K 2n 0.63 +0.00 1
Mg  =(1530°K— 7+, =0 - 0.21 +0.06
==+
Mis _:—?*01# 034 +0.11 Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update
MNe pPK K™ xt seen +
M7 ZtTK K-zt <0.32 90% Fg AZK 7™
rg AKCK? 172 £0.35 Mo Afmn—a~
Singly Cabibbo-suppressed modes — relative to 2~ 7+
Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update r19 =gt 0.161+0.010
My 2°K* 0.061+0.006
o — . - +
86 f% 108 25 FRABETTI 050 E687 StK— K-t _ Doubly Cabibbo-suppressed modes — relative to 2= 7
M ="K*t <0.07 90%




1. Introduction

* Theoretical studies on weak decays of €2, baryon

Heavy quark effective theory (HQET):H.Y. Zheng and B. Tseng. PRD. 53:1457, 1996;
M.K. Du and C. Liu. PRD 84:056007,2011; R.L. Singleton. PRD 43:2939, 1991.

Light-front quark model:Z.X. Zhao CPC 42:093101,2018; Y.L. Wang, Y.K. Hsiao, K.L. Wang and C.C.
Lih. PRD 111:096013, 2025 (LFQM);Y.K. Hsiao and C.C. Lih. PRD 105:056015,2022(LFQM)

Covariant confined quark model (CCQM):T. Gutsche, M.A. Ivanov, J.G. Korner and V.E. Lyubovitskij.
PRD 98:074011, 2018

Constituent quark model (CQM):M. Pervin, W. Roberts and S. Capstick PRC 74, 025205 (2006)

QCD sum rule (QCDSR):Y.J. Shi, J. Zeng EPJC 85 (2025) 712; Z. Neishabouri, K. Azizi and H.R.
Moshfegh. PRD 110:014010, 2024.

Light-cone sum rule (LCSR):T.M. Aliev, S. Bilmis and M. Savci. PRD 106:074022, 2022; H.H.
Duan, Y.L. Liu and M. Q. Huang. EPJC 81:168, 2021.



2. )y — E form factors within light-cone sum rules

* The weak decay form factors of (0, — EZ are defined by (weak decay V-A current):

(Qo(Pag)|5"|Z(p))

= 1, (p)[f1(¢*)7

9 (2
v le(q ) fi(q )qz/
l\[QQ J\IQQ

- ('2 g: (2

.]2(1 )O_I/’lq‘l‘ + 'l‘;(j )qll ,-\/5 /ILE ]) .
/

Mq,, Mg,

a’"q, +
Form factors 1

— (1 (¢*)y” +i

or
(E(P)13"12(Pay))
12(4%) f3(q?) &

= 2\ v
=uz(p) [ (g )Y +1 Mo, Au + Mq,,

92(q°) v 93(q°) ,
229 Gerg vs | tiag (P
: Ma,, T Mg, ) Juag(Pac)

Form factors 2

— (q1(@*)Y" +

* The two forms of transition matrix elements above will be utilized differently to contrast
the sum rule approaches, and extract the form factors.



2. )y — E form factors within light-cone sum rules

* In the framework of LCSRs, the derivation of form factors starts from the weak
decay correlation function, offering two alternative formulations:

T"(P,q)= ijd "xe (0| T Jo, (x), 77 (0)} | Z(p)) Correlation function 1
or
T"(P,q) =i j d*xe" (0| T{j=(x), /" (0)}| Qp (P ) Correlation function 2

* The formulation of hadronic interpolating currents must also be specified.

J=(x) =€k (s™ (x)Cts’ (2)) 15 44" (z)
jQQ(fB) =€ijk (SiT(fE)Cﬁsj (33)) 75¢Qk($)~

* And the weak decay V-A currents



2. )y — E form factors within light-cone sum rules

* Based on the definitions established in the preceding section, we calculate the
correlation function at both the hadronic and QCD levels.

* At the hadronic level, isertion of a complete set of hadronic states yields:

_ faq
M 522(9 — P2

Qg

J2

21" (p.q) 7 . .
Moy d Correspond to correlation function 1

2z p)? {fl;é -

- g2
9175 + Mg, M} ule) +

Or

ST () =520 9 { i~ 1

? Correspond to correlation function 2

g2
J— /'\/5 "\/5 ! P‘ - . ..
91195+ 3 A } u(Paq) +



2. )y — E form factors within light-cone sum rules

At the QCD level, the operator product expansion is performed through Wick's theorem,
yielding:

= [ & D+ mo)(1 — 1 O @ OB IOED)
2, T" = x V52 (K +mo — 5 )(0|s(x s(x)q(0)|=(p
, (2m)* k2 — mg,

LCDAs of Z baryon

Or

. . d4k /’I:(p—/i‘,)';l?
a1 = [t [ e+ my)E( 15 [ CA@ROIR(P)

q

LCDAs of () baryon



2. )y — E form factors within light-cone sum rules

* The LCDAs of the = baryon can be decomposed into distinct Lorentz structures
through Fierz transformations, including scalar, pseudoscalar, vector, axial-vector
and tensor components.

4(0|€"%s" (alz)sé(azz)qv(agz

[I]

laf3 —+
ZFF (' )7

e F.(S;,P;, V., A;, T))denotes the decay constants of the = baryon for different
Lorentz-structure interpolating currents.

Twist-3 Twist-4 Twist-5 Twist-6
Va(z:) = 2411220, Va(zi) = 3(z1 — 1'3)¢g,
Ag(w:) = Au(z:) = 3(z1 — z2)95,
Vi(zi) = 120z12223603, Va(zi) = 12z3(z1 — z2)94, Vs(zi) = 6z3¢8, Vo(xi) = 202,
Ai(z:) =0, As(zi) = _1251”3(-731 — z2)94, As(zi) =0, ) Ag(zi) =0
Ty (z:) = 1202122236, To(x:) = 2412294, Ti(z:) = —3(z1 + z2) (&5 + £5), Ts(z:) = 26

Ts(x:) = 63(1 — 23)(£1 + g
Tr(z:) = 6z3(1 — z3) (€ — £2).

T5(.’17 ) - 6.’E3¢5 ) ;
Ts(z:) = 3(z1 + 22) (€50 — £9).

93 = 8 = f=,

¥ =g = §(f5 =

# =8 = 3U=+ ),

B0 =80 = -8 = (4hs — X,
61 = & = Z(8X3 — 3X),

s = —&

£l = g(12A3 5)2), 10

|| OBI»—A

_/\2



2. )y — E form factors within light-cone sum rules

The LCDAs of (), baryon can be written by:

€iji(0lqh, (t1n) ¢ (tan)

8

Q%(0)|Q0)

1 (1) ;qyn
= U fog U (11, 12) (195C7 ot

5) - .
+ Zfs(h; W (t1,to) (“/SCT)BOUQQW

1

11

_I___

8 V4

* Parameters 1n ;

2 nn .
- _ff(z(; U (1, t2) (1003 75C") gating

FODWT (ty, 1) (ysC

T
),Ba UQQ’y .

Twist ag a1 as GQ[GeV] €1[G€V] EQ[GQV]
2 1 SA+1 1.3A+1.3 2 0.41TA+0.06
A+1 A+6.9 A+0.11
38 1 _ 0.17A—0.16 0.56A—1.1 _ 0.44A—-0.43
A—2 A—3.22 A+0.27
30 - 1 ] ) 0.454-0.63 -
4 1 —0.10A—0.01 0.62A-+0.62 _ 0.87A-+0.07
A+1 A+1.62 A+42.53

11



2. )y — E form factors within light-cone sum rules

* By matching identical Lorentz structures in both hadronic and QCD representations of

the correlation function, and applying dispersion relations to subtract contributions

from excited states and continuum spectra in the hadronic expression, the form factors
can be derived.

.1 / )
cg. L g, /2 ‘ P, (a3) /M2
g e Qg / Bfl((]2> _ fi1 dovse s/Mz
2f§2Q @30 Oug
L/ : ‘ / N\ ,—s0/M3
+ 1 Pfia (O‘g)da e—s/z\[é + Pfia <O‘30)€
M? a3 3 Q2 M2 — g2 + m2
B Jaso -3 30M=z — ¢ 0
Ly ‘ I (yan)o—50/M%
B 1 / P4 (()‘3)6—5/1\1123 dovs — 1 [)flg((lg())e
2]\[]% Jevao (l’}3 ‘ 2 Oz:g(j)]\[é (Ozﬁof\[é — %+ 771%2)
2 / . ‘
4 1 Q’SO d pfl:} (J/) —.5'0/]\[%

2 g M2 — ¢ + m% dr x(x2 M2 — ¢% + mé) [+—as0€
h=g, L=

12



2. )y — E form factors within light-cone sum rules

* Using the LCDAsS of the €, baryon, we obtain:

/ du/ do '011 g, 4, q ) (Mé—.s)/M2
1l—o0

/ du/ do p12(o, u, q )ewg_s)/z\zg

(1—0)2M%
+/ du p12(00.u, q )77(00 q )e(AIH—s /Mz} fQQ.
Where
Twist-2
,011(0,%612) = —0o(1— )MQQW”L( /TW1St -4
(e, 0,4%) = ~(1 — 0)*May (w"< > W)

fl :](29 8178~ 0



3. Numerical analysis of form factors

* The fundamental parameters employed in the form factor calculations, including
quark and baryon masses, are adopted from PDG

My = 2.16 MeV, m,. =1.27 GeV, my =4.18 GeV,
]\[Qb_ = 6.0461 GeV, Mg = 2.6952 GeV,

* Additional required parameters include:
(1) the continuum threshold so,
(1) the Borel parameter My introduced in the sum rule formalism,
(i11) relevant CKM matrix elements, and
(1v) the €, baryon lifetime .



3. Numerical analysis of form factors

* The continuum threshold so and Borel parameter M serve as adjustable parameters
in QCD sum rule calculations.

 However, these parameters must be constrained to ensure minimal contributions from
higher-twist LCDAs, excited states, and continuum spectra.

* The region of Mg, must satisfy a stability criteria for form factors at fixed g>.

* In our numerical analysis, we find that when Q, LCDAs are used, the form factors are
one order of magnitude larger than those obtained with = LCDAs. Consequently, the
branching ratios of semileptonic decays become two to three orders of magnitude
larger than the results derived using = LCDAs and other theoretical works. Therefore,
in the following discussion, we focus only on the results obtained with = LCDAs.



3. Numerical analysis of form factors

* In our sum rules, the threshold s, and Mj at fixed ¢* within Z LCDAs fulfill:
» For Q). — E transitions:

a) Ground-state contribution (s < so) > 70% of sum rule

b) Twist-6 LCDA contribution < 15% of total amplitude
» For Q, — E transitions:

a) Ground-state contribution (s < so0) > 90% of sum rule
b) Twist-6 LCDA contribution < 30% of total amplitude

 Therefore, we have:

2
Sg = (MQQ + A) with A = (0.5 + 0.1) GeV

M}EZ? =(10+1) GeV? for .Q,g - =" and M]_[z3 = (18 + 3) GeV?2 for Q; - =0



3. Numerical analysis of form factors

For Q2 - Z7: LCSR valid in 0 < g% < 1 GeV?
For Q3 — E% LCSR valid in 0 < g* < 10 GeV*

For the whole physical region, we need a fitting formula of form factors:

2 1(0) 2 2 2 2
fi(q >=1_£2/M2 [1+a(2(¢7) - 2(0)) +5(*(¢") - 2(0))]
where z(g*) = M _\/M ~ WMo, ~ M)

IM? =@ + M —(M - M.y

Form factors at g = 0 GeV? and fitting parameters

fi(q") fi(0) a_ b r
f1(q°) —0.0987¢ 0oy 1.9347 555 —6.4737 02
f2(q?) —0.04075-901 1 179+1:255 9 471+2:092




3. Numerical analysis of form factors

* The plots of form factors on the whole physical region can be obtained:

0.00 — T . 1 0.00 - — . . — " 0.0 1 —
' -0.02] ] ‘ T P
-0.05¢ [ ~02 S —~0.1
f 1 | Y — ‘ f
—0.10 5525z PooooTTTTeEeEES [ f
o [ TR s ~ —0.06; ~ =04} ~ —0.2}
S -0.15] TS s b = [ =
- < —0.08F = [ =
= ' = : S o) S 03
-0.20} - —0.10} ‘ [
—025 -0.12 -08} p -04)
-0.14 ! i ]
~0.305— — : ‘ ] Lo ‘ : cee -0t . —05h 1
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0 5 10 15 20 0 5 10 15 20
72(GeV?) q%(GeV?) 74 GeV?) 73(GeV?)
FIG. 1. The dependence of Q° transition to Z~ form factors f;(i = 1,2) with ¢® within = baryon LCDAs. FIG. 2. The dependence of Q; transition to Z° form factors fi(i = 1,2) with ¢* within = baryon LCDAs.

* Physical region:
2 2 2
mé < q? < (MQQ - ME)

* Next, we calculate the branching ratios of the semileptonic decay 2, — Zfv using the
form factors across the entire physical region, combined with the helicity amplitudes.



4. Branching fractions of 0, — E£v,

* To calculate the branching ratio, we require the differential decay width

dar_dry | dry
dg?>  dq®>  dg?

Where

AUy Gp|Ved*¢p

dUr — GE|Ved*¢’p
dg®> 19213 Mg

dg>  192m3Mg

([Hy o +H_1 0f) (1Hy 1+ H_ g 11%)

* Helicity amplitudes:

HY =i N e ‘ HY —i/20_[— e = £,
1.0 ( \/q_2 (Mq, + Mz) f ]\[szQ fz}, 1q = Q_[—-f1+ Mo, fo],
\/Q+ q> Mg — M=
HY = Mq, . — M= . T g — —< = ).
1.0 \/q_z (Mg, )91 + Mo, 92] H%_l iV2Q+ (=g Mo, 92)

% _ V A _ A _ V . A
H—)\,—ALV _ HA.)\W' H—/\-—/\VV o _H/\)\W' H>")‘W’ o H/\)\VV HA«AW’

19



4. Branching fractions of 0, — E£v,

* Within the differential decay width, the pictures and decay width of semlleptomc decay

can be obtained. e | s
o 2.21 ,-‘—' B 250
[ - LN N | T
g « 7 ! % 20
T 13- \ ] Tkl
s Tl S 515
X 1.6} ; ‘ E:
h.'g 14] 5 1-0;:
% 12 % 0S¢ g
100, ; 1 00 T l
0.0 0.5 1.0 1.5 0 5 10 15 20
‘Iz (Ge\J 2) qz (Ge\"' Z)

FIG. 3. The differential decay width of QY — =~ ¢+, within = baryon LCDAs. FIG. 4. The differential decay width of Q; — =%/~ v, within = baryon LCDAs.

* Decay width of Qy = E4vy

Decay modes Decay width I' (GeV)

This work Ref. [13] Ref. [11]
QF = = 0T 3.66275550 x 1071 (0.34 ~ 0.65) x 6.582 x 10~ "> 2.08 x 10~ °
Q, = =% "v 1. 451*8 aie X 10717 (0.82 ~ 1.78) x 2.514 x 107® 1.18 x 10~ '7

[11] Z. X. Zhao. Weak decays of heavy baryons in the light-front approach. Chin. Phys. C, 42:093101,2018.
[13] M. Pervin, W. Roberts and S. Capstick. Semileptonic decays of heavy Omega baryons in a quark model. Phys. Rev. C, 74:025205,2006. 20



5. Summary

The ,—& transition form factors are computed within the LCSRs framework

Both the initial and final baryon LCDASs are analyzed in this work.

Compared to other theoretical studies, our light-cone sum rule calculations using the
final-state light-flavor baryon LCDAs yield consistent results.

The branching ratios of semileptonic decays for ,—E= are calculated using our weak
decay form factors and consistent with existing predictions.

The inconsistent results from €, baryon LCDAs formulations in LCSRs indicate that
theoretical improvements 1n this area will be required 1n future studies.
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