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INTRODUCTION

The search for multiquark systems beyond
baryons has always been an area of inter-
est for many physicists [1, 2]. Tetraquarks
are the hadrons containing two quarks and
two antiquarks. Owing to their large mass
and short lifetime, tetraquarks remain unde-
tected till the last century. Recently many
experimental findings have confirmed the ex-
istence of tetraquarks [3–6]. The study of
tetraquarks is very important because it helps
us to understand the physics of higher-order
quark matter, the nature of color confinement,
and strong forces. To study the properties of
highly confined quarks, different models are
used. The string model of hadrons is one such
model which gives the Regge trajectories of
hadrons.

FORMULATION

In the flux tube model, it is assumed that
the massless quarks are lying at the ends of the
string. Here the potential is the linear confin-
ing potential of the form, V (r) = Kr, where r
is the inter quark distance and K is the string
tension. Let l be the length of the string. If
the string is rotating about the midpoint, with
the speed of light, then the mass of the hadron
is (in natural units) [2],

M = 2

∫ l
2

0

Kdr√
1− v2
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The angular momentum of the hadron is,

J = 2

∫ l
2

0

Kvdr√
1− v2

Hence the relation between angular momen-
tum J and mass M as,

J = α0 + αM2

where α0 and α are constants with
α=1/(2πK). This relation is known as
Regge trajectories of hadrons.
The same idea can be extended for tetraquarks
and we can study the Regge trajectories of
these states. The mass and angular momen-
tum when one quark is at the one end of the
string, and three quarks at the other end is,
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Where,M = mq1 +mq2 +mq3 +mq4 ,
γα = 1√

1−f2
and, γβ = 1√

1−
(

mq1
f

M−mq1

)2

There are four configurations with one quark
at one end and three quarks at the other end,
and three configurations with two quarks at
the two extreme end of the string. We assume
that all these seven tetraquark configurations
have equal probability to occur, therefore, the
actual mass and angular momentum must be
averaged.

RESULTS AND DISCUSSION

The masses of up, down, strange, charm,
and bottom quarks considered for calcula-
tion are, mu = 2.16MeV , md = 4.67MeV ,
ms = 93MeV , mc = 1270MeV and mb =
4180MeV [7] respectively, and K = 0.2GeV 2.
Here, f is the fractional rotational speed of
the low mass end of the string (actual speed
is fc, c=1). In Table 1, masses of different
tetraquark states are calculated and are com-
pared with the experimental results [7]. We
have considered different l values for different
states. We can see that the present results
are in good agreement with the experimental
results. From the table we can also see that,
as the mass of the tetraquark increases, string
length l decreases. It shows that for higher
mass states, the confinement effect is more.
Figure 1 shows the Regge trajectories of some
tetraquark states. The Regge trajectories of
tetraquarks are highly non linear. The higher
angular momentum states of tetraquarks can
also be generated, for which we need more ex-
perimental data.

TABLE I: Comparison of the results with the
experimental results

State Quark J Mcal f l
structure (MeV) (fm)

X(3915) csc̄s̄ 2 3914.2 0.565 0.74
Zcs(3985) cc̄sū 1 3987.85 0.774 0.29
X(4020) cc̄ud̄ 1 4024.92 0.792 0.276
X(4700) csc̄s̄ 2 4771.97 0.850 0.36

FIG. 1: Regge trajectories of different
tetraquark states

ACKNOWLEDGMENTS

AK is thankful to Manipal Academy
of Higher Education (MAHE) Mani-
pal for the financial support under
scheme of intramural project grant no.
MAHE/CDS/PHD/IMF/2019. SDG is
thankful to ‘Dr. T. M. A. Pai Scholarship
Program’ for the financial support.

[1] M. Guidry, Gauge Field Theories An Intro-
duction with Applications, (Wiley-VCH Verlag
GmbH & Co. KGaA, 1991).

[2] T. Cheng, L. Li, Gauge theory of elemen-
tary particle physics, (Claredon Press, Oxford
1982).

[3] S Choi, Phys. Rev. Lett. 91 262001 (2001).

[4] B Aubert et al, Phys. Rev. D 71 071103
(2005).

[5] C P Shen, et al, Phys. Rev. Lett. 104 112004
(2010).

[6] M Ablikim et al, Phys. Rev. Lett. 110 252001
(2013).

[7] M. Tanabashi et al (Particle Data Group),
Phys. Rev. D 98, 030001 (2018).

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 866

Available online at www.sympnp.org/proceedings


