The muon g-2 at a high-energy Muon Collider: simplified models analysis
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Anomalous magnetic moment of the muon: a, = (g, — 2)/2. ' .
_ BNL g-2
Aay, =a, " — aiM = 251(59) x 107, : ® e
FNAL g-2
The 4.20 deviation from the SM reference value may be a hint of new physics.
For heavy new physics M > my, , the effect may be enclosed in the SMEFT operator O, : < 1506 >
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The same operator also induces the process u*p~ — hy with a 1-to-1 correlation [4], < i5G >
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Therefore, a Muon Collider is the perfect machine to test new physics behind Aa,,. 17.9 18 18.5 19 195 20 20.5 21 21.5
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For weakly coupled new physics, Cey ~ € g3 /167? with g, ~ 1 (Chiral enhancement: g, > yu). X 107 = 1165900
This forces M < 10TeV : new physics directly accessible at a high-energy Muon Collider! Figure 1: the muon anomalous magnetic moment as measured from the BNL
and FNAL collaborations [1] compared to the SM g-2 theory initiative
EFT breakdown: to extract correct predictions from on-shell new physics, (white paper) [2] and BMWc predictions [3]. Interestingly, the lattice result
renormalizable simplified models are required. is at tension with the white paper prediction but not with the experimental
data.

To comply with h — p*u~,Z — pu*p~ bounds and provide a Dark Matter candidate, we consider Z, models [5]. Two ways to obtain chiral enhancement: models I (two scalars ® rand one
VL fermion ¥) and IT (two VL fermions ¥ ; and one scalar ®), with many possibile SU(2);, x U(1)y representations. New Yukawa interactions:
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These interactions provide a striking signature: three 1-to-1 correlated observables, with the same parametric dependence on the new couplings entirely fixed by the muon g-2 anomaly:
a) low-energy indirect: Aa,, , b) high-enerqy indirect: p*u= — hy, c) high-energy direct: pTu~ — WWA (1) or pTu~ — DA (I1).
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Figure 2: Feynman diagrams for the three 1-to-1 correlated observables in Models 1. Figure 3: Feynman diagrams for the three 1-to-1 correlated observables in Models II.
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5.x10-10] — UV, M=10T& 1 sxi00] — UV, M=10T&V provide a concrete way to determine the physical
— W A =R - : — W, A=1aT - observables. Within this context we have identified
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T N I | three 1-to-1 correlated probes, both direct and indirect,
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Vs [TeV] Vs [TeV] 100F M = 10 TeV 2 i muon g-2 anomaly. The correlated study of these direct
Figure 4 Figure 5 : : and indirect new physics signals at a high-energy Muon
L . 2 10 Figure 7 Collider would be a powerful handle to disentangle
Reach of the process u™u~ — hy on Aa,, at 95% confidence level - among the underlying model accommodating the Aa,,
in the EFT and in the simplified models I and II with degenerate 1 anomaly
BSM fields masses. The main source of background is the SM
process utu~ — hZ,where the Z boson is misriconstructed as an
Higgs, while the SM irreducible p*p~ — h7y is proportional to y, S
and thus negligible. | | | Vs [TeV] o | References:
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