
mesons, providing important input to calculate hadronic light-by-light corrections to the anomalous magnetic1678

moment of the muon [429].1679

• A search for various gauge boson candidates in the MeV–GeV mass range, probing three out of four highly1680

motivated portals coupling the SM sector to the dark sector. A leptophobic vector boson (B0) [430] coupling1681

to baryon number can be searched for via ⌘, ⌘0 ! B0� ! ⇡0�� for 0.14 < mB0 < 0.62 GeV, and ⌘0 !1682

B0� ! ⇡+⇡�⇡0� for 0.62 < mB0 < 1 GeV. The leptophilic vector bosons [431, 432, 381, 433] can be searched1683

for in the decays of ⌘, ⌘0 ! A0� ! e+e��. A hadrophilic [434, 435] scalar can be probed in ⌘ ! ⇡0S !1684

⇡0��, ⇡0e+e� for mS < 2m⇡, and in ⌘, ⌘0 ! ⇡0S ! 3⇡, ⌘0 ! ⌘S ! ⌘⇡⇡ for mS > 2m⇡. Axion-Like Particles1685

(ALP) [436, 437, 438, 439] can be explored via ⌘, ⌘0 ! ⇡⇡a ! ⇡⇡��, ⇡⇡e+e�. Figure 23 gives an example1686

for the sensitivity of the JEF experiment. With 100 days of beam time, a study of ⌘ ! � + B0(! � + ⇡0) will1687

improve the existing model-independent bounds by two orders of magnitude, with sensitivity to the baryonic1688

fine structure constant ↵B as small as 10�7, indirectly constraining the existence of anomaly cancelling fermions1689

at the TeV-scale.1690

• Fundamental symmetry tests. The ⌘(0) meson is the eigenstates of C, P, CP, and G (IG JPC = 0+0�+), representing1691

a natural candidate to test discrete symmetries. Particularly, the ⌘(0) meson is among very few self-conjugate1692

particles existing in the nature for testing charge-conjugation symmetry. A search for C-violating ⌘(0) decays1693

(such as ⌘(0)
! 3�, ⌘(0)

! 2⇡0�, and ⌘(0)
! ⇡0e+e�) and a mirror asymmetry in the Dalitz distribution of1694

⌘(0)
! ⇡+⇡�⇡0 will o↵er the best direct-constraints for new C-violating, P-conserving reactions.1695

100 days’ beam 

Figure 23: Current exclusion regions for a leptophobic gauge boson B0 [422, 430], with the projected 2�/5� sensitivity reach for the JEF experiment
via ⌘! �+B0(! �+⇡0). Color-shaded regions and curves are model-independent. These include constraints from rare ⌘, ⌘0 decays (red), hadronic
⌥(1S ) decays [440] (yellow), and low-energy n-Pb scattering [441] (purple). The gray shaded regions and dashed contours are model-dependent
and involve leptonic couplings via kinetic mixing "x = x egB

(4⇡)2 : these regions are excluded by dark photon searches for dilepton resonances [398,
391, 392, 393, 394, 395, 442, 443, 444, 445, 446, 403], A0 ! `+`�, for "0.1; and the gray dashed contours are upper limits on ↵B from FCNC
b ! s`+`� and s ! d`+`� [447, 448], for "0.001 (upper line) and "1 (lower line). The blue dashed contours denote the upper bound on the mass
scale ⇤ for new electroweak fermions needed for anomaly cancellation.
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