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O Theoretically, various methods and models have been applied to study the
doubly charmed baryons.

SELEX Collaboration, PRL 89, 112001 (2002)



Introduction

Table 19. Masses of the doubly charmed baryon =..(ccq) with
JP = 1/2% in various models.

Method Reference Mass (MeV) Method Reference  Mass (MeV)
Quark models [54] 3550-3760 Nonperturbative string [714] 3690

[71] 3660 Faddeev equations [712] 3607

[ 73] 3620 [709] 3527

[710] 3646 £ 12 Bethe—Salpeter equations [585] 3642

[557] 3678 [718] 3540 =20

[720] 3627 £ 12 QCD sum rules [721] 4260 += 190
Potential models [705] 3613 [724] 3570 £ 140

[706] 3630 Lattice QCD [S78] 3608(15)(5

[713] 3480 + 50 1593] 3549(13)(19)(92)
= : L716] 5642 [594] 3665 4 17 + 1479,

ag models [703] 3516 _ .

1715 3520 [725] 3603(15)(16)

Feynman—Hellmann theorem [711] 3660 £ 70 1598 3595(39)(20)(6)
— _ — [726] 3568(14)(19)(1)

Hegw quark eﬁlectn-'e theory [566] 3610 [727] 3610(90)(120)
Chiral perturbation theory [719] 3665fg:; 16001 3610(23)(22)
Regge phenomenology [455] 352074,

A review of open charm and open bottom systems, RPP 80 (2017) 076201
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Light-cone sum rules

O At the hadronic level, we write the amplitude of the )" — =Xy as
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Light-cone sum rules

O At the hadronic level, we write the amplitude of the )" — =Xy as

_>“cc 7/ =cc
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O Then we obtain the IT , (p,k,q,¢) having the following pole terms

26 0(1/ o f,_*++ f—~++
Ha(p1k1q,€)z§"g P pvqp —cc (p _|_M )_|_
(IO - M)
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O At the quark-gluon level, we calculate I, (p.k,q,e) using the method of
operator product expansion(OPE).



Light-cone sum rules
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Numerical analyses

O To perform numerical analyses, we use the following values at ¢ =1GeV.

The parameters In distribution amplitude ‘ The quark and gluon condensates ‘

f3}, = —(4£2) x 107 GeV?, (gq) = —(0.24 £ 0.01)° GeV?,
o) =38+ 1.8, (35) = 0.8 x (3q).

wt =-2.1+ 1.0, (?GG) = (0 48 +0.14) GeV*,
¥ = (3.15+£0.10) GeV~2, (9,g6Gq) = M5 % (qq),
k= 0.2, (9,56Gs) = Mg x (5s),
¢ =04, m, = 96fjg MeV,
& = 0.3, m, = 1.23+0.09 GeV,

kt=¢7 =¢5 =0. my, = 4.187003 GeV.



Numerical analyses

0 Then the coupling constant iIs evaluated to be

0.6 ; ; ; 0.6
— 04} | i | 10.4
|> I 1 ; e
QO
O,
% 0.2r 0.2
0 j i i 0
3.0 3.2 3.5 3.8 4.0

Borel Mass? [GeV?]

_ +0.16 2 _ +0.024+0.007+0.033+0.093+0.118 2
Oz, = 0-300071; G8V™ =0.304 74 026 0.014-0.028-0.045-0.087 GV
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Numerical analyses

O Finally, we use the following decay formula,
I e e, = @ ><|EZ./\/L

[1]
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Numerical analyses

O Finally, we use the following decay formula Note that we have made
_ 9 | 2 some approximations
Foe 2 x|~ Z M”*++—>:ZJ7 when deriving I1_(p,k,q,¢)
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Numerical analyses

O Finally, we use the following decay formula Note that we have made
+ 2 some approximations
FEZ§+—>E§J7 87M2.. d Z M*++—>:ZJ7 | when deriving 11 (p.k,q,¢)
to obtain o at hadronic level. The total
+17 7 uncertainties of decay with
I'_ Sty T =13.775 keV can be 13.7720%%

O Using the same approach, we calculate the following processes.

coupling constants

_ +0.13 =2
f]E:LI _>E‘_.!‘_..}’ — 0.23_0_09 GCV .

Jort o, = 0.225008 GeV=2,

g0z , = 0.0507007% GeV~2,
gz:-—z, = 0.08170550 GeV=2,

= 0.05379913 GeV~2,

(Jys— -
}Q bb Qb b 4

‘ relevant decay widths

rE:.ZL.! SEty — 8. ]——i_ilgl keV.
Fo:tnqr, = 54737 keV.
Fzo_z, = 0.115557 keV,
Fe-_z, = 0.287077 keV,

Fa:-—qa-, = 0.08550; keV.
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Summary and discussions

O We have investigated electromagnetic transitions of some doubly heavy baryons
using the method of light-cone sum rules.

Electromagnetic transitions of doubly charmed baryons(in keV)

Process Qur results Ref. [16] Ref. [17] Ref. | 18] Ref. [19] Ref. [20] Ref. [21]
bt 5 BEity 37407 4.35 1.43 16.7 23.46 4+ 3.33 7.21 22.0
Erd = ELy 8.1+ 141 3.96 2.08 14.6 28.79 4+ 2.51 3.90 9.57
Qe = Qrr 5.41%7 1.35 0.95 6.93 2.11 £0.11 0.82 9.45
=0 5 B0y 0.11553 - . 1.19 0.31 + 0.06 0.98

Sy — EppY 0.2870% - = 0.24 0.0587 = 0.0142 0.21

Qpy = Q7 0.0819:03 e e 0.08 0.0226 =+ 0.0045 0.04

Our results are (slightly) larger than those obtained using the bag model[16-R. H. Hackman. etc. PRD 18, 2537 (1978). 17-A. Bernotas and V. Simonis. PRD 87, 074016
(2013)]. but quite comparable with those obtained using the nonrelativistic constituent quark model [18-L. Y. Xiao. etc. PRD 96, 094005(2017)], the relativistic three-
quark model including hyperfine mixing effects [19-T. Branz. etc. PRD 81, 114036 (2010)]. the relativistic constituent quark model within the diquark picture[20-Q. F.
Lii, etc. PRD. 114006(2017)]. and the chiral perturbation theory [21-H. S. Li, etc. PLB 777, 169 (2018)].
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O We propose to search for the doubly charmed baryon =" of J° =3/2* via its
electromagnetic transition:
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O In the future work, we would like to calculate the axial coupling constant 9. =rmr
and look into decay properties of some excited doubly heavy baryons.

T



Thank you very much




