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Fig.1 Discovery of Toponium.

Discovery of Toponium (tt)

The CMS Collaboration recently reported an excess in the
tt invariant mass spectrum near threshold.

[Rept. Prog. Phys. 88 (8) (2025) 087801]

This discovery challenges the traditional views, initiating the
exploration of an entirely new top-quark hadron spectrum.
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~— Toponium (tt),

> the topped mesons (tg , with § = #, d, 5),
Top Hardons < Single-top hadrons

» the singly topped baryons (tqq, with g = u, d, s).

N

Advantages of Single-top hadrons

Only one top quark undergoes weak decay, resulting in longer lifetimes and narrower widths that

improve experimental accessibility.
Advantages of Topped Mesons
» Simpler quark content

» Cleaner final states

» More favorable production and reconstruction prospects.
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Heavy Quark Effective Theory
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» The interpolating currents 06 |
J() = q*()yshy(x), J, (x) = g*()yhs(x) e 1
S 04 |
» The two-point correlation function S §
= 0.3 !
My (@) = i [ d*x e®(0I7, R @] 0) j
» The sum rule equation are arrived as oo o b
Borel Mass [GeV]
e . 1 oll(w,,T) . Aw,, _
A((‘)cr T) " M(weT) ) 6(—2;T) ’ fz((‘)cr T) - H(wcr T) - @2M@eD)/T Fig.2 Variations of (a) the residual mass A and
¢ (b) the decay constant f with respect to the

Borel mass T
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1 . 0ll(w,,T)
M(we,T)  0(=2/T)

Awe, T) = , f2(we, T) = T(w,, T) - e2A@eT)/T 0 g (a)

Two free parameters: the threshold value w, and the Borel mass T.
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QCD Sum Rule Criteria

—40 :
> The convergence of OPE < 20% 0300k 06l LT 0% Lo
. . 100 ; : 100
» the pole contribution = 40% § - (b)
g 80 - | |
> the Borel stability condition £ )
0(1/mg) corrections 2
We extend our analysis to incorporate 0(1 / mQ) corrections to N30 om o6 o osd Lid
. . Borel Mass [GeV]
evaluate the mass correction ém. Finally, the mass of the ground-
state Ts*meson is given by Fig.3 Variations of (a) the convergence

parameter, (b) the pole contribution with respect
st* =m; + K + om to the Borel mass T
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Table 1. Parameters of ground-state topped mesons calculated using QCD sum rules within the HQET framework. The states
T™ and TS(*) contain the quark contents tg(g = #/d) and tS, respectively.

We Working region A Meson Mass Difference f
Decay channels
(GeV) (GeV) (GeV) (JF) (GeV) (MeV) (GeV?3/2)

T (0~ 173.03+0-30 TD™ Bg*)B(*)
T | 1.65 0.79<T <089 | 046097 (07) | 173.03%050 0.121904 | (.19+0.02 ’ ’

T (17) | 173.03+9:%0 B{" D™, D B™

T, (07) | 173.12+03! TD{, BB,
7| 1.85 | 061<T <094 | 0557012 ( P21 0115354 | 0.227954 )

Ty (17) | 173.1279:38 Bs"' Ds

b b

» Mass: ~173.1GeV, approximately 0.5~0.6GeV above
the top quark’s pole mass.

» Decay Channels: weakly into a Y meson and a charmed W+

meson, as shown in Fig.4. q < q

Fig.4 Feynman diagram of topped meson decay
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The Choice of Renormalization Scheme for m,

mMS = 162.5%21 GeV,

a

» Due to the large mass of the top quark, its pole

mass 1s closer to the mass of the bare quark.

mps = my|+HA + dm|~1 GeV ~10 GeV

S

» Once electroweak corrections are included, the

' MS top-quark mass approaches the pole mass.
mP°le= 172.57+929 Gev

Conclusion

» This work presents the first application of QCD sum rules within the HQET framework to mesonic systems
containing a top quark.

» A precise mass prediction of 173.1 GeV is given, along with clean experimental channels.
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