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Figure 1: The D°D%rtt mass distribution. The D’D7t mass distribution where the contri-
bution of the non-DY background has been statistically subtracted. The result of the fit described
in the text is overlaid.

LHCbH Collaboration - Roel Aaij (Nikhef, Amsterdam) et al., Observation of an
exotic narrow doubly charmed tetraquark [arXiv:2109.01038hep-ex]]
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Woosung Park, Sungsik Noh, Su Houng Lee (IPAP, Seoul & Yonsei U.), Masses of the doubly heavy tetraquarks in a
constituent quark model, Nucl.Phys. A983 (2019) 1-19 [arXiv:1809.05257 [nucl-th]]

T..(udee), Ty,(udbb), T.,(udeb), usbb with I(J¥) = 0(1") in S-wave states
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Total Wave Function

\ :[w(spatia,l)]x Y ( flavor) x ¥ (color) x Y (spin)

For Mesons,

Radial Part of Solution for 3-D Symmetric HO

2T (n+1) | [ rz} 1,
R, (r)= r e —— | L, 2 (7). (A.1

Rescaling by|r — v/ 2@

— Variational Parameter, a

Pl () =, 0, 0) )Pt = Ry ()Y (0, 6) . (A.2)

Sungsik Noh, Woosung Park, Su Houng Lee, Doubly heavy tetraquarks, (¢q¢'QQ"),
in a nonrelativistic quark model with a complete set of harmonic oscillator bases,
Phys.Rev. D 103, 114009 (2021)
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For Tetraquarks,

w(x <o X )Spatial
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Rt @ @

X3 = — ¢ o =
) 3 712 = 33 O? m O)
® : quark T2

O : antiquark

(02, 02) Y, (03, 03) . (11)

Sungsik Noh, Woosung Park, Su Houng Lee, Doubly heavy tetraquarks, (q¢’QQ"),
in a nonrelativistic quark model with a complete set of harmonic oscillator bases,
Phys.Rev. D 103, 114009 (2021)

T..(udee), Ty,(udbb), T.,(udeb), usbb with I(J¥) = 0(1") in S-wave states
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Result —

TABLE I. The changes in masses of the tetraquarks when the indicated spatial bases pﬁfl ‘fii;’lng, Iyl 0y] A€ included in the
calculations.
Spatial Bases Mr,, (MeV) M,z (MeV) Mgy, (MeV) [M7,. (MeV)
Spatial
w[oj,)o,o,o,o,o} 10577 10763 7311 3993
l' -41 MeV
Yoo o001 Yoo 10565 10747 7287 3952
i, Spatial Spatial l -1 MeV
¥10,0,0,0,0,01" ¥0,0,0,1,1,0] 10565 10744 7280 3951
,Spatial Spatial
\ 710,0,0,1,0,1] #[0,0,0,0,1,1]
® . quark
O : antiquark
167 Spatial Bases 10517 10694 7212 3873
Total Change in Mass -60 -69 -99 -120
Ne——

Sungsik Noh, Woosung Park, Su Houng Lee, Doubly heavy tetraquarks, (q¢'QQ’),
in a nonrelativistic quark model with a complete set of harmonic oscillator bases,
Phys.Rev. D 103, 114009 (2021)
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Result —

TABLE III. The relative distances between the quarks in the
tetraquarks in fm unit. The distances are obtained with the
ground state of the tetraquarks.

Quark Pair Ty T T.,  usbb
(1,2) 0.676 1 0.830 | 0.753 0.644
(1,3) 0.592 1 0.672 | 0.631 0.584
(1,4) 0.592 1 0.672 | 0.612 0.584
(2,3) 0.592 1 0.672 | 0.631 0.490
(2,4) 0.592 1 0.672 | 0.612 0.490
(3,4) 0.268 | 0.610 | 0.464 0.287 \
(1,2)-(3,4) 0.463 k0.433J 0.441 0.397 ;-:
/Af/ T,
1 1 s )
X, . X = T( | —Ia), N ’A"\)[/}'
X3 Xy = —=(r3 —ry), ' Y"X“' V%
2 3 V2 z-axis ~‘& S ?r%
. quark X3 = (ry + 1o —r3 —14) ' &
: y-axis
O : antiquark

X—-axis

-0.5

Sungsik Noh, Woosung Park, Su Houng Lee, Doubly heavy tetraquarks, (¢¢'QQ’),
in a nonrelativistic quark model with a complete set of harmonic oscillator bases,
Phys.Rev. D 103, 114009 (2021)

FIG. 1. The relative positions of the quarks in 7. in fm unit.
In the bottom figure, the diameter of the sphere is 0.866 fm.
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LHCh CollaboraNon - Roel Aaij (Nikhef, Amsterdam) et al., Observation of an
exotic narrow doubly charmed tetraquark [arXiv:2109.01038[hep-ex]]

TABLE IV. The masses Ob&( and the corresponding lowest threshold mesons D and D™.

N

Type T D D
“ Theory Exp. Theory Exp.

Mass (MeV) 3873 1854 1865 2006 2007

Blndlng Eﬂefgy BT = AjTetraqu-a,rk - ﬂ"{ﬂ:f esonl — ﬂj}‘u’ eson?

Sungsik Noh, Woosung Park, Su Houng Lee, Doubly heavy tetraquarks, (q¢’QQ’),
in a nonrelativistic quark model with a complete set of harmonic oscillator bases,
Phys.Rev. D 103, 114009 (2021)
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Summa

» Harmonic Oscillator Bases as Spatial Functions

- We constructed the spatial wave functions by introducing a complete set of
re-scaled 3-D harmonic oscillator bases.

» Large Contributions from Internal Excited Orbital States

- Internal orbital states are necessary to obtain the exact ground state masses
for the tetraquarks.

» Model Calculations with a Compete Set of HO Bases
- Our model provides result with highly precise accuracy.
- Our prediction for Tcc mass is very close to the measurements at LHCD.
- We need to improve our quark model by better fit for the threshold mesons.



