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AWFFHET LCSRs T 1 W 1 554 7158
R A 1194161,

SR, HATC TR EF IR £ T s
T 5 5 AR, T SR AT Sy B H A
T2 ] A R B AR BV E P AR AR X AT FR. 4]
VSR E A, AlE 1/2 PEETFRNESERNT
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* : nx* 1 —
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nix  (2) 1 / / 2.7 nn* P q+ uw ﬁ+mQ
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ni* __li nn* 2)= g/+uw¢+mQ af
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A e _ + w g+
N’H ,f( } 4118(]5/0 de dUUIPH (w,u)fﬂ)uggh/ (g+ Z:JL}UJ;{Q mQQYﬁYu]VBa
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2.3 ER-ETFXENE

FESRTJZIR I, N T AR S A S S 1
imk, ATFI T T p? = (p+q)? Fl ¢?
HALE Borel 84, M ITI752:

. fDm2
By (M7)By (M) (p,0) = ~iegg oo = -
ﬁ m2Bcc
xe Mi MUl gy +o (17)

Borel ¥ M7 F1 M3 7357 5 gl & V-7 p? il ¢* #H
KR, MAEREE Borel Z2#e 2 5, QCD JZ IR KK

PRI AT LR IR AU R AR I
|

B TR, AL AT, 100 B R B,
1

Sth R
BPI(MIQ)Bq(MQQ)Al[.L')Tl*7f(l)] = 7/ dse—s/M:

(2wi)?

1 Sth s 5
By B, (o) = 5 [ dse /M

Sth ,
X / ds’e™* /M Tm2TICP (5, §), (18)
Sr/nin

FIL R FNAR I 5 F A3 #8735 (cutting rules), A
R AT SRR OO AL, R 2 s ek T
(N8

(q+ﬂwi)2 ey — (—2mi)d((g+uwv)® —mg). (19)

I FT A3,

Im?T1%P (s, 5') =

1
Disc’II%P(s,5'),  (20)

(21)?

St .
/ ds'e™® /MZzDiSCQAl[lbﬁ*,f“)]

./
Smin

—1 Sth —s/M2 Sth _s' /M2 > L - . _
:W»/s dse*/M /s', ds’e /M2/0 dww/o dup] (w,u)ﬁl)(—2ﬂ1)5((q+uwv)2—m%)

X Upgs [2(tw + g - v) — mg]

m

X tps[2(dw + q - v) — mqlys,

Herp,

q-v+4/q-v?*— ¢ +md

?

U
—q-v+ /Q'UQ—QQ—I-mé
Wo = Z . (21)
1, QCD JE UK IR R T AN A PR 0

e | e
™ Smin

St/h ,
X / ds'e™® /MZZl_chﬁ [Coyvs dvs + Cy,vs), (22)

’
min

wi =

By (M?)By(M3)I¥P (p, q) =

AR (17), FAT7E QCD JERW LS T AHN
UGS gys . DR, FRATIAS LASHE S HE 10045 T RE S
TR AL

i(mc + mq) 1 /s‘h
BB = T 2t iy,

2 2_ o
Mpee S Mp—s

o, The Mo
><// ds'e Mi Mz Cgyss  (23)
Smin

Sth st 00 1 1
— —s/M? 1 —s' /M2 nx n._ - . .
- 5 / dse 1/é,in ds'e 2/0 dww/o (o, ) (0 = 1) + 6o = w2)

\

/E\:EF‘ S %ﬂ s’ B@*R%‘F BE%%U?‘:’ Smin = 41’1’1? ﬂ&n S:nin =

m2 | EATHIR T b R OA S 07 2 3 ) 1 ),
(mg,, +0.4)* < sq, < (mp, +0.6)7,

(mp +0.4)? < s}, < (mp+ 0.6)% (24)

3 HEAAT

A TR (23) TR S 2 R
B, SRR A T B gp. sep MW — R 5 i
ASH, UIE5S T fiar . D A 10 U S AR
B, LIK AR TR B 1 o . 3k B ST
Sy HLE SER A, AR T AR ik BT R A
R TEARSCHEAE /3 v, S s Buid R I MS
%N BUE me (m.) = (1.35 £ 0.10)GeV 19, %5 57
Jo T DL 2200 U AR T AL L
AR H RO A A SRS T 10102650, Mg
T LCDAs /&5 — 41 CHHm A S5 AR SCRAC
fik [57) HEXTIKE A ELY LCDAs fE MM AL %
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TAEFRTHES AL (Heavy Quark Effective
Theory, HQET) 75 8 %5 vt FR T 58 i, ¥ b Al

e~ B E T, hIL, S8 H T4 HLUE (R OGHED: pR%L
kR 67
Viu-1) .
Yo (w, u) = wiu nz% W 5
2 an 711/2 2u — ]_) —w/en
. a, C}/2 ou—1
P3os(w,u) = % Z %7(1;; 5 )e_“’/en, (25)
N (O
Hrp
1
CMN?= [ [C)N2u—1)]?du 26
e = [ 1exeu—1) (26)
XH C)(z)=1, C(x) =2z, Co(x)=2A(1 + N2>~

A OGHERE PR ER (25) RSB T 2. A
FERADCHE S ARG 1) P AT o0 i, T8 A — 1-
A Wk e, AETR, FATIER A {EﬁnT: Ay, =0.24,
Az =015, Ag =0.02.

5% i me ~ 1.35 GeV 5KE W my, ~
4.8 GeV PINEAE M I 22 57 ) BRI E AR

Vol. 75, No. 14 (2026) 140201
# 1 HIRET LU BRAT A B A A
Table 1. The masses and decay constants of heavy

baryons and heavy mesons.
HrF Bt (MeV) HAHAL
Ecc 3621.55 + 0.531" (0.109 + 0.021) GeV3 120
Qee 3690 £ 9029 (0,123 + 0.024) GeV3 (2]
2453.97 £ 0,14/
sEH/ /T 2452655015 ) (0.045 £ 0.015) Gev3 1
2453.75 4 0.14 10
/0 2578.2+ 0.5/ "
B¢ 2578.7 + 0.5 00  (0.055 £ 0.016) GeV?3
Q2 2695.2 + 1709 (0,003 £ 0.023) GeV3
1869.66 + 0.05/
+/0 [10]
D 186484 + 0.05 10 (249.9 4 0.5) MeV
DF 1968.35 & 0.071  (212.0 4 0.7) MeV [0

5| A—ERBRUKI . R AT M T
e A 7 P, FRATTSRH — i (a7 S A B 43 BT
B FEEE MR, LCDAs 9 w 7015 FAE R
Hiso — AthsE, Horpsg HIELLIEBIE, A =mp,—
mo NE FAME. X FIKETF, Ay ~1.0GeV,
s~ 1.4 GeV2 BT X TARE T, WA A, ~ 1.2 GeV,

s@zwmww&ﬁmmanI%ﬁ

=
¢ = Séb);{\ ~ 2. (27)
S~ — Ab

# 2 3 (25) FISEa Fle; MIE X
Table 2.  The definitions of the parameters a; and €; in Eq. (25).
twist ag ay az €0 [GeV] €1 [GeV] €2[GeV]
9 1 6.4A 1.4A+0.6 0.32A
A+ 0.44 A+5.7 A—0.17
3 1 0.12A — 0.08 0.56A — 0.77 0.25A — 0.16
e s A—14 A—26 A+0.41
3 1 0.35A — 0.43
¢ A—12
4 1 —0.07A — 0.05 0.65A + 0.22 5.5A+ 3.8
A+0.34 A+1 A+29
twist a0 ai az €0 €1 €2
9 1 0.25A + 0.46 6.6A + 0.6 1.4A+1 0.57TA+ 1.1 0.36A 4+ 0.03
A +0.68 A +0.68 A+6.7 A+4 A —0.02
3 1 0.04A — 0.14 0.12A — 0.09 0:56A — 0.91 —27A + 92 0.3A —0.24
=/
¢ s A_16 A_16 A_29 160 A+054
3 —0.16A + 0.16 1 0.17TA —0.17 0.11A — 0.11 0.39A — 0.49 0.33A —0.33
° A_13 A_13 A1 A_13 A1
4 1 0.03A + 0.11 —0.1A —0.03 0.63A + 0.38 —0.82A — 3.1 1.2A+0.34
A+0.16 A+0.61 A+1.3 A—39 A+4.1
twist ag ay az €0 €1 €2
9 1 8A+1 1.3A+1.3 0.41A 4+ 0.06
A+1 A+6.9 A+0.11
0.17A — 0.16 0.56A — 1.1 0.44A — 0.43
o 3s 1 - - e
c A—2 A—3.22 A+0.27
3 1 0.45A — 0.63
¢ A—14
4 n _ —0.1A —0.01 0.62A + 0.62 B 0.87A 4 0.07
A+1 A+1.62 A+ 2.53
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RS HEFHY LCDAs 7]l HE TH) LCDAs & R
JEE R A A )

¢Awnn::;wb(§407 (28)

AR — S u AT ARA AR BRI,
Prfi w B RUEE. BRI, 28+ LCDAs 1 w Y
REESH e, K% P UK, T w 5341 IR &
W a, REFAE:
) = gel, o) = o). (29)
R I W 25 S AN R AR BRI, FRATTHE S &
FIRA T € = 24 0.5 Frg | AASH E 1.
BEAb, ST A R MRS
%0 Borel 2% M12’2 55 BE s, Sy - Hrp, i#%
SRS B A BUE E AER (24) TR H. RN F, P
SERA AR TiX L6288, LT i S8R
7l H, AR SRS RS R S8
AU A B, FRATHRIH LR SC R CHRP A
Borel 225
2 2 2
i wew O
K125 TG WAL EL 2D X Borel 24
M2 MR PR, [ B 25 T X N A% 2k 5 (A
st = (174 1)GeV? fll s/, = (5.6 + 1)GeV? 77 K Ay iR
2. AKE 1 7R, Borel 28004 HUE VS BBl T LA $5
S MZ = (20 ~ 40)GeV? . FHANRATT LA H A =458
THEAHHBONE, 538 T M2 = 30 GeV? B, Efi 1%
SDTHRS A HH B AR X TR (AR 3 ), B

11

""" Sth = (17 + 1) GeV?
10F ——- sy = (6.1 £ 1) GeV2

g=ite:nt

10 15 20 25 30 35 40
M3/GeV?
1 BTN agy o, o A Borel 25 M2 MK
P B B R 2D @ 2 ) R R B E S sy =
(17 £ 1)GeV2 Hl s, = (6.1 & 1)GeV2 A i P85 34 19 5 1
Fig. 1. The Borel parameter dependence of the strong coup-
ling constant Eottoipt - The blue and red bands denote
the uncertainties from the threshold parameters of
s = (17 +1)GeV? and s) = (6.1=% 1)GeV? | respectively.

TR 5 FLZA 40%~50%, 16 K R FHE I X 2 285 3
FHERYIEARZOR. 2 ¢ — 2/, twist-2 T (oc 1/6%)
DT R B E RAIG, (O 5 B STER A L AT AT s
30% ~ 70% ; [A]H twist-4 T (oc 1/€2) I TTRRZI R
30%. P AHEL AT UL, S48 twist-2 WA 1/¢* A+
1M 32 2B @ AR, (55 oA RE A 31 ke | K,
H LI TR )N, Fe o0 B0 1 LR FETT 1Y R 4
LS.

3 WDk LRI DUk
Table 3. The proportion of pole contribution and contri-

butions from different twists.

Vertex Pole 2 30 3s 4
=tsrt Do 46.7% 30.9% 44.3%  -5.6%  30.5%
=rEDE 38.1% 65.9% 76.4% —10.9% —31.4%
Q09D 43.7% 31.0% 458% 88% 31.9%

LAl 5 DT RR AN R SR 225 DT RRAE B Tk (2
SHELE) T R EE -

FEATTRR + L vk

’

Sth Sth
/ o8/ M2 / o5 /ME

Smin s’

mi min . (31)

> o [ 12
/ /M / o' /ME
s s’

MTEZS E X ASBIIE I T , FRATAT LATH A 58
THEE W gp, pop MVBLESS R, 156 4 s, £
B iR 2250 DRI T Borel 44 M3 | [RH su,
Ko st AR £, T, fo FIMIRE TS EH 1Y
HRIRZEC =2£0.5, L goprgirpo ABIBLH,

E=ftuttpo = 5'87t8:83(M22)1L8:§3(sth)igﬁgg(sih)

a0 ) TTog (fnd ) D001 o+ ) T002(6).  (32)
AN TR E T B E T D AR EC
R BB, i HRA T R B h e TR Y
BRZEERUIN, B, 8o/, =0p+ ~ 6'53J—r8:883(m930)t8:8%?
(o) 00003 (miy+ ), 330 7 B 450 {11 4% SR 0o o L 3R
fRR, PR A SO AR B H p T SR 1R 22
R LA 4 nT AR,

o MK 1 AT LA, sl G 4K S=i+=/py T
Borel ZUBUETE N M2 = (20 ~ 40)GeV? Y725k
BRT-2%, HHBIE sy 17 R IR ZERE KT s, 13K
MIRZE, X — R IR 4 A 7RI

o M4 SU(3) XIFRiE, 2 Fhomas & 5 8z B2

Wi DTk =

~
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FHEOCERIY. TEAS AR, ARG 54X B..BSD
HAT T REM SU3) 4307, Wk 458 Z 3 R .
LCSRs WZ5 55 SU(3) BRI XTFRIE S H 1 b il 56
RIAETEA—BUHL 7, X J& i T7# LCSRs M5
SRR v B A G HE I pR B AR B B AN
[F]. i L3 22 S ] DU R A\ S 800 46 o o i o
AR B AL H (B A 3 A B RS

g=..=p, fz./(fo,m})

~ D) 1.9,
gz..x.p  fy./(fomp)

it

ga..an.  fo./Aa. 15
g=..=zp, fz./As.
g=..=:p,  fomdAg,, 19
go.=p  fompAz,

o 4 PR, RSB HR f, 5 e R
AT I SRR BIE B, B T Sk
AR BIGBERR, WK 1 IR,

4 %

TEAWFFE R, FATE A LCSRs 155 15
?*%%#ﬁ( 85..BSD - ﬁ“%:fiﬁqj, ?kﬂ]}ﬂigféﬁ?

7N EAS I OCHE S AR PRI &, 38 3 4 AU EE 3
5 A e ) 3 T s O PR, T SRR U 1Y)
PRUETEAR, /00t TR )2 IS QCD JZIR I
R pREL. 18 Bh 5 va-am T XTI AN E Borel A8 42,
BOES T RIS GBS TR, R RS
H R SR AL ) ek X A ok i VR . Borel 2
B TR E], FEE5A HAM ASEL, 158 1458
TR G H B BUE S5 R MR 22 73 Ar, anak 4 PR,
R RIE S T IF SU(3) BRXSFRME S M5 2
SR, TR U R RS & 22 B i 55 & . LCSRs
5 SU3) X FRPER 5 RAFAE I 22 5 IR T7E
LCSRs HEZET, & [A) 525 o 1 5 i Xof iz 51
HE AR B 25 25 5 X 4622 S Al DL a2k ot
AR R LA B0 5 PRARRE. FRATAYTTHIA S,

AL o AP TR (A0 QCD KAL) i — 2
& SLEGAE. HeAh, X SE5E R A E BT VR 5T AL
FE RS SR EEHIS A, flingERE
A EAEH AR IR E T A 18, I BT
RABREACE - HEAFZ My EA ER. 3
ATHA SR A Y e WU B 0 S 5 SE g0 i o 44
A MMERN S, g E R 3 IR AT

K4 BTANI appop WG 55315 SU(3) APFRHE GBI EIR R A& 3502 60 B G R . 50 =31 Ay 4l 5
SEREAIKYCN Borel ZHL ME B s, sfy FIREW R b5,.., so, fo LIIHLMET ¢

Table 4.

The numerical results for the strong coupling constant gg_gep . The first column presents the proportional relation-
c

ships among different coupling constants obtained from SU(3) symmetry analysis. The second column lists the numerical results,

with the sources of errors sequentially being the Borel parameter M22 , the threshold sy, s{h , decay constants fg_ , fge, fp and
c

stretch factor &.

Vertex SU(3) LCSRs
= nr D x s S L R B S
—rstor e sastgiaterootinat L dema
storatnd /v 665100 Gl 020
=it /v s syt tero gL Ao oL 000
oot : 583230148 10 IO 1014,
=527 /2 IR a8 020
S V2 Gsgosi ez ot oo
af=o0+ /v M om0t 020
0400D? X L6t YOI LA Bss 001032
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The study on the strong coupling constant B..5'D using the
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Abstract

In this work, the authors systematically investigate the strong coupling constants for vertices involving

doubly charmed baryons ( Be ), singly charmed sextet baryons (B¢), and D mesons, using the LCSRs method.

The calculations are performed analytically and numerically, with the non-perturbative input taken as the light-

cone distribution amplitudes of the singly charmed baryon BS. Through graphical analysis, the authors

determine the optimal Borel parameter ranges and present numerical results with a thorough error estimate,

accounting for uncertainties in the Borel parameters, the continuum thresholds and decay constants. To

extrapolate the b-baryon LCDAs to the case of c-baryons, the authors adopt a simple scaling method, and the

uncertainty from the scaling factor is incorporated to reflect this extrapolation. The uncertainties induced by

the decay constants fs, and fzs dominate over those from other parameters, which can be attributed to the
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larger inherent uncertainties of these input parameters. Ll T oo (17 £ D) Gov?
The LCSRs results deviate from the ratios predicted by 10 f - s = (6.1 £ 1) GeV?
SU(3) flavor symmetry, which is primarily due to the B
significant differences in the light-cone wave functions F}”

of baryons with different light quarks (u, d, s) in the

LCSRs calculation. Furthermore, these deviations can

be well accounted for by the ratios of input parameters

such as masses and decay constants. The results can be 10 15 20 25 30 35 40
cross-checked by other approaches such as conventional M3/ GeV?
QCD sum rules or lattice QCD. These strong coupling constants are key inputs for analyzing non-leptonic weak
decays of doubly heavy baryons, particularly for evaluating final-state interactions in charmed-bottom baryon
decays. Our findings thus provide both theoretical insights into the strong and weak decay dynamics of doubly

heavy baryons and a practical tool for experimental hadronic analyses.

Keywords: the strong coupling couplings, doubly charmed baryon, light cone sum rules approach, light cone

distribution amplitudes
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