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via J/¢ decays at the electron-
positron colliders

/ﬂi—j(—T— %BT‘/HT@L
Collaborated with fLZE I #Xi
HFCPV2024



Lepton-antilepton bound states

e Positronium
* Muonium

* True muonium (u"p™)

(eTe”)

(pre’)

* Dipositronium (e’e )(e"e")
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True muonium(TM)
QED atom
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Production of true-muonium
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Production of true-muonium In electron-
positron collisions
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Production of true-muonium
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Schematic of a detector for the DIMUS collider v/ OBhabha (0 < 0 <7 —0,)
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Jp— (' p )y

I’
Analogousto ete™ - (u u~™) +y \“\\
Good for spin-singlet TM (para-TM) v Ty,
(a) (b)
Cleaner channel than electron- A
positron collision, i | \/ N N

Large statistics, more events © (@)

Happy 50" birthday to J /!




Decay width

* The squared amplitude at the threshold region
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R(0): radial wave function of J/W at the origin

1
3 Z iM|* ~ ege

pols.

x; = E;/m,

* Phase space at the threshold region
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V/S1: invariant mass of u*pu~

8= \/1 ~ 4m3 Velocity of muon (in the

center of mass frame)

* Coulomb rescattering at the threshold region
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Decay width

e Coulomb resummation

dU(J/y = y(ptu)) _dU(J/Y =y p”)

1
U I"{GE“T(O’O)] Coulomb Green

dsi ds; s1<€4Am? mﬁﬂ function
2 2 ’
m 20 2p? 1 Tpsn + p2(n?VE2 + T2 + p?
ImGEHr(O,O): & [p2 + L arctanp2 + p2 Zﬁ pan £ paln N2 p/m”)]
m [m,  my p1 My = (E+mi;2) + T2
Ps = %mﬂa, P12 = \/%(\/}W +T2FE). Fadin, Khoze, Sjostrand, 1990

* |ntroducing ratio R
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Cancel the wave function at the origin



Decay width &= ysi—2m,

 E<O: below the threshold, bound state contribution
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Numerical Result

* |nput: m,, = 105.66 MeV, m,=1.27 GeV, a= %
Br(J/y — p~put) =5.961%
* Below the threshold:
R|lpeo =~ 1.18 x 107, Br(J/v — (" pT)) ~ 7.03 x 10713,

Above the threshold: if A~MeV,
R|E>O ~ 10_8, Br~ 10_10

Hard to measure at BESIII

* Super tau-charm facility: O(1) events for bound state, 0(10%) for above the
threshold events (per year)
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summary

* QED has been exactly tested, but true muonium—the smallest QED atom,
has not been observed yet

* J/W radiative decay offers a promising channel to detect true muonium
* The branching ratio is of the order 10713 for TM bound states

* Had to detect true muonium via J /W radiative decay at BESIII; STCF (and its
updates) offer promising avenues to discovering the true muonium.

Thank you!
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