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TABLE XXIII: Electromagnetic decay rates (in units of keV) of S-wave charmed baryons. Among

the four different results listed in [260] and [266], we quote those denoted by FSO) and “Present
(ecqm)”, respectively.

Decay HHChPT HBChPT Dey Tvanov Simonis Aliev Wang  Bernotas Majethiya Hazra
256,259) (28] [260]  [261] [263] 201 [265)

6 120 60.7+1.5 50+ 17
N 5 310 151 £4 190 130 £45 154.48
120406 1.6 196 2,65+ 120 6.36757) 115 148+0.02
0.002  0.04+0.03 0.001 0.1440.004 0.011 0.40+0.16 0.407 (3} <107t (7£1)107*
12 049+0.1 1.2 141 0.08+0.03 1.58° 558 112 138+0.02
19.7 33 14 127+£15 173 21.4+03 |
[EE [TE] 27 [EEZEETEI
0.06  0.07£0.03 0.10 0.063 0274 0967337 0.011 0.03 £0.00
0.4 0.46 0.33 0.17+0.02 0.185 0.27+0.6 0.0015 0.34 +0.01
L1 L84 L7 0682004 0745 0.66%0.32 0908 030 132%0.
10 0.42+016 1.6 133 214 1267050 1.03 1.26 +0.03

220 — 00y 0.9 0.32£0.20 0.71 113 0932 116112 107 202 1.14£0.13
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FIgU re l: The electromagnetic couplings of the baryons. The left and right panels show the contribution from
the quark and diquarks.
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iquqV
M+ M’
HipF (qz) L F> (qz) 4352 DiracER B T AIPauli AR T RERIH = gTH g, SHEOETRETAM [1,2),

(B (p',5') 14:(0)| B(p,s)) = 1 (p',5") |vuF1 (a°) + Fo ()| u(p,s). (1)

"SA,Q =eqv" @
i
woo__ ! Nz
s == 2o+ k) 3

Mo =iea{gap ke + k)" = [(1+ m)kig — (n + OKg| g4 — [+ mKo = (v + Okia| g5} (4)
[1]J. He and Y. b. Dong, J. Phys. G 32 (2006), 189-202
[2]T. D. Lee and C. N. Yang, Phys. Rev. 128 (1962), 885-898.
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R AT MR+
@ R ANTNETQEATH, (Fig. 1), JERH T-Fo(q?),
dxd?k | 15 (X', k') d1s (x, k1)
Fe (q Q/ 2(2m) 3 16xP+ P/+ / /
xPtP (k] B+ mi M) (ky - P+ myMo)
x Tr [(P + Mo) v (P + Mo) s00(s11) (Vl + "”1) v (Kt m) rsOO(sll)] ,
(5)
—i(M + Mg’ dxd®k 15 (X, kL) d1s (x, ko)
ng(qz)ZeQ' i( . )‘u/ i 1(_L)1 L_
% 2(2m) 16xP+P'+\/(k1’ P!+ m{Mf) (ki - P+ myiMp)
x Tr [(F’ + M) o' (F" + Mé)l:;()()(sll) (k{ + mi) v (J + my) rsOO(sll)] .
(6)

rh, diquark SIS Teo (ki, ko) = 1s
o Mo+my + P

diquark NAIF, Ts11 (k1, k2, A2) = % (ifF (k2, A2) — %ELF (k2, A2) - P) °

K2+k2

L)c

232

3
BB R A ‘Pn:l,L:S(kLy B) = 4(%)K exp(—
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2 dxd’k | B13 (< kL) 15 (O, kL)
Fis(a) (q ) */ 3 = =
2(2m) 16>‘<P+Pl+\/(k2 P!+ myM}) (ko - P+ myMp)
x Tr [(i’+ Mo) +* (P’ + Mé)rz,s[qq],,/ (Ko +m) Tus ) r;(A)] , @)
» —i(M+ M')g'| [ dxd®k 1 (X', K ) d1s (x, k1)
F25(A)(‘7):‘ ) /22 3 = =
% (2m) 16xP+P’+\/(k2»P’+m2M6) (ky - P+ myiMo)
x Tr [(?’+ Mo) o' (;‘w + Mg)f’L,S[qq]J; (Ko +ma) sy - rg(AJ , (8)
e, LA,
Fi(6%) = Fig(a®) + Fis(ay(a?), ©)
F2(a%) = Fag(a°) + Fas(a)(@)- (10)

EER

14



Outline fRFTAIH B(1/2) — B(1/2) BHEREMRETF SRR

B4R

WRIE B HEH R 3

YIEAR B o hs Edi- % SO R di- 5 S TR H 1 I R R4 & (3],

[ form factor |Physica! (¢?) = cs x [ form factor ]s + ca x [ form factor |4
Hibes Mear MR E TR EMAIREd- TRERE T, NETFHSMARSHTRER
g R A 45 3
ST RIS LS Y,

Eelinl 27y =cs (a1 [q2a3]s Lin| a1 [9243]s)

+ ca (a1 [q2a3] 4 linl 01 [q2a3]4) -

[3]X. H. Hu, R. H. Li and Z. P. Xing, Eur. Phys. J. C 80 (2020) no.4, 320.



Outline

B

Wz anil B(1/2) — B(1/2) BHRERRETF R

2%

o = m=r O (Gev)
=f=2468, =0=12471, =t =2578, =0 =2579.
0 HIiE(GeV)
myq) =023, ms=043, mc=16, m,=49.
diquark [cu(cd)] M[cs] IREITAE me + myq) Fme 4+ mso

Baslaras]
T E-Hdiquark SEES RIS = BEA—FE, BT LR ERE I 1 R 5
B G T AR T IR B B [4].

Bules) = 0473,  Byjeq = 0.543.

@ diquark M g, q,] = € + €p
MR R Ediquark WA RE TTER: < = 1.6 [5].

[4]W. Wang, F. S. Yu and Z. X. Zhao, Eur. Phys. J. C 77, no.11, 781 (2017)

[5]V. Keiner, Phys. Rev. C 54, 3232-3239 (1996)
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=/0_,=0 =/0_,=0
Fre 77c(0)=—3.78/3.72,  F,¢  ¢(0)=0.54/ — 6.41
- -5 —4

Fort Lzt =1.60%107°/152 410 GeV

M=0_,z0, =039« 107%/5.56 x 107 °GeV
@ g = u, [90293] = [cs]

=/t =+ =/t _ =+
Fr¢ 77 (0)=1.16/30.34,  F,° < (0)=6.35/ — 22.62
=/0_,=0 =/0_,=0
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Table 1: EEEZQ%@EEQ_(O) — EZL(O)’V TG (PR keV)

B(1/2) — B(1/2) BHEREMRETF

decay S Sty | EO =Yy | I s ALy
this work(diquark[cu]]) 16/152 0.39/55.6 106
this work(diquark[cs]/[cd]) 57.8/732 1.68/242 187
Chiral Lagrangians 19.7 0.4 91.5
Chiral Perturbation 5.43 0.46 65.6
Non-Relativistic Quark Potential Model 14.00 0.33 120
Relativistic Three-Quark Model 12.7 0.17 60.7
Bag Model 17.3 0.185 74.1
LC SR 8.5 0.27 50
LQCD 5.468 0.002 -
Effective Quark Mass Scheme 21.4 0.34 93.5
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Table 2: HUIERS," — =, v ERWE (P keV)

!

decay =, =L
this work(diquark[cd]]) 78.8
this work(diquark[cs]) 138
Bag Model 0.118
Bag Model 0.357
Chiral Perturbation 1.00
LC SM 33
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Independence of current components, polarization vectors, and reference frames
in the light-front quark model analysis of meson decay constants
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M= My +Vy; —)

DUIL‘LUILDIDUULLL!Y (LS LOURVILUNE P | -_ P]_ T 1_)2 ulL U(_iLLlVC]JJ_UJ_lLrly
M — Mj. This condition reflects effectively the BT con-
struction in the computation of the one-body current ma-
trix elements where the meson state is described in the
non-interacting Q@ basis while the interaction is added
to the mass operator via M := My + V5.

AR, & I,:  The Bakamjian-Thomas (BT) construction

Relativistic Particle Dynamics. IT*

B. BaxkamjiaN anp L. H. THoMmasT
Columbia University, New York, New York

(Received June 19, 1953)

The relativistic dynamics for a system of non-interacting particles in Hamiltonian form is separated by
a contact transformation into motion of their center of mass and internal motion. Interaction at a distance
between them is then introduced into the expression for the rest-mass in terms of the internal variables. This
gives a dynamics for which invariance over space displacements and rotations is trivial and which is rigor-

owly  Spin variables are treated as quasi-momenta, re- r contact
ferred, in classical mechanics, to true coordinates like
Eulerian angles. Their commutation relations are suffi-
cient, however, to justify the transformations without
this reference. |
The introduction of interaction by replacing m by
the function M of the internal variables in Egs. (2.21)
and (2.22), with o= .{[8.XS.]+n.}, gives a dy-
namics which may be modified by any further contact
transformation of the variables.
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TABLE I: Operators O and the helicity contributions Hy,, to O defined in Eq. (4) for all possible components of the current

G and the polarization vectors €(J,), where 1 = z,20 = 1 — x, and Dy = M, + 2m.

F g 'E(Jz) HTT H’N« Hl—T H“'
1
"r("" )75 0 m m 0
2 2 2 2
fP 7_75 2mk9 m — 2mk B 2mk 2mkq
: xyxa(ME+P2) Tz (ME+P2) r1z2(ME+P2) z1z2(ME+P2)
+,L 2k? 2k?
7+ €(0) 0 m+ 5 m+ 5+ 0
- 0 0 2k? 2k? 0
fv gl €(0) m+ 5+ m+ 5=
2 2 2
(L.—) (Mp+m)ks x1(x1 Il'f[]-i-m)kJ_ xa(xas Mg+m)k
’T E(+1) MO E]IQRJ(}DU IlIgﬂf{}DD IlIQﬂ‘fﬁ’Dﬂ O
2k
ot () om 4+ 2 0 0 0
0
T . 2m (m+My)k2 2m(m+x; Mg)k2 2m(m+zo Mg)k2 2Kk4
v a E(+1) 2m — p) p) p) — 2D
z1xa2 M5Dy z1x2M5Dg z1x2 M35 Dg z1x2 MyDg
ot €(0) ki 2D My _ KD My _ K K _oad
2xry1x9Dg Dy 2 2x1x9Dg 2 2r1x2 Dy 2r1x2 Dy Dy

(7o + (0. = 2/200)] &
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F= Ve[ s ‘bm O(K),

=0"0, =1 -0"0,=0)
2 2 2
= D_O(kj_ — 2k7)

FIG. 1: The 3D plots of the wave functions (a) E,JZ)(k)
for the p meson and (b) ¥,(k) = ,(,O) - ,(;H) defined by
= Jid T w,(JJZ)(k), where zbE,O) (red) and wf,+1) (blue).

Y, (k) o (ng_ki)



A7 5 it

120

100 ~

(e0]
o

(=)}
o

— TL+ 1T
— T+

Content (%)

N
o
1

o
1

|
N
o

PJ_ [GeV]

FIG. 2: The relative helicity contributions to f, as a function
of P calculated with the minus current. The blue and red
lines represent the ordinary helicity (1J,]71) and the higher
helicity (11, .l ) contributions, respectively. The sum is always
the same regardless of P .
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Dirac spinors: u(k, \) = (K +m)u(N), v(k,\) = \/FU{ —m)v(\),

%

.+

Cv(A) = u(—=AN)

=
AN
oo | =
—
Il
o OO O =
=
/‘T“\
2| =
—
Il
—_— O O O

The spin wave function:s:
1 _
e ’RDD- r. k — T A Y5V A).
m(z kL) V2[Mg — (my — -???.Q)E]M’Qu(pl' )50 (P2, A),
—1
V2[ME — (my — my)?2]1/2

_ e-(pr—p
X u(pr, ) |£(J3) — -"lfgwErl?’z.l +i2?2 v(pa, A).

Vi RP(z k) =

XEh: arXiv: 2210.12780
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