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Muon g-2 anomaly
μのスピン異常磁気モーメントの実験値
が標準模型の予⾔値と⼤きく異なる問題

(Felmilab 2023)

スピン異常磁気モーメント：
Dirac-eq. から𝑔 = 2が導かれるが、量⼦補
正でのズレがある

𝑎 ≡
𝑔 − 2
2

𝑔：Lande 𝑔因⼦

Figure 3: Feynman diagrams of SM contributions to aµ. The diagrams shown (from left to right) are the one-loop
QED diagram, the one-loop EW process involving Z-boson exchange, the leading-order HVP diagram and HLbL
contributions.

Besides the magnetic anomaly measurement, other physics studies of interest at the Fermilab experiment
include tests of Lorentz-symmetry and CPT-symmetry [39, 40]. The CPT-symmetry test can be performed
by comparing aµ from µ+ and µ� measurements, while Lorentz symmetry can be tested by searching for a
sidereal variation in the anomalous precession frequency of the muon.

3. Theoretical calculations of aµ

In this section, the SM value of the anomalous magnetic moment against which the experimental value [19]
is compared to will be reviewed. The SM prediction of the anomalous magnetic moment is determined from
the sum of all sectors of the SM:

aSM
µ

= aQED
µ

+ aEW
µ

+ aHVP
µ

+ aHLbL
µ

, (11)

where aQED
µ

are the QED contributions, aEW
µ

are the electro-weak (EW) contributions, aHVP
µ

are the hadronic

vacuum polarization (HVP) contributions and aHLbL
µ

are due to contributions from hadronic light-by-light
(HLbL) scattering. Examples of such processes are shown in Figure 3. The uncertainty of aSM

µ
is completely

dominated by the hadronic contributions due to the non-perturbative nature of the low energy strong
interaction. In recent years, aSM

µ
has been thoroughly scrutinized and reevaluated by The Muon g�2 Theory

Initiative [38], an international collaboration determined on providing a community-approved consensus for
the value of the theoretical prediction with an improved overall precision.

3.1. The QED contributions

The QED contributions to aµ include all contributions from leptons and photons alone and have been
fully calculated up to five-loop order. All contributions up to and including four-loop have been determined
and verified by di↵erent groups, from both numerical and analytical calculations (see [38] for more details).
The four-loop universal contribution has been impressively calculated analytically up to a precision of 1100
digits [42] and is consistent with the numerical determination [43]. The entire five-loop contribution, totaling
12,672 Feynman diagrams which are shown in Figure 4, has been fully calculated numerically [41, 44] with
independent cross-checks [45–48]. The value for the QED contributions is found to be

aQED
µ

= 116 584 718.931(104)⇥ 10�11 , (12)

where the given error is the quadrature sum of uncertainties due to the ⌧ -lepton mass, four-loop QED,
five-loop QED, an estimate of the six-loop QED [38, 41, 44] and the fine-structure constant ↵ [49].2

2This value for aQED
µ is obtained using the measurement of ↵ from caesium interferometry [49]. With the uncertainty of

aQED
µ dominated by the six-loop estimate [38, 41, 44], other choices for ↵ [8, 50] result in changes well within the quoted

uncertainty.
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この問題を解決するため、2HDMに𝑍!
対称性を付与したモデルが提唱され
ている
[1] Abe, Toma, Tsumura, arXiv: 1904.10908

2 higgs doublet model 

+ 𝑍!対称性
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相互作⽤ラグランジアン
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• 寄与する新粒⼦：𝐻, 𝐴
• ref [2]（Blanke, Iguro, arXiv: 2210.13508）

：2HDM+Z4 でmuon g-2 anomaly が説明可能
LHCでの本モデル探索を議論

⽬的
この模型はミューオンの相互作⽤が特徴

→ ミューオンコライダーでのモデル検証の可能性を議論

𝐻/𝐴µ

γ Helicity amplitudes
non-zeroの振幅を与えるヘリシティの組み合わせ

𝐽 𝜆, �̅� = 𝐽 +,− , 𝐽 −,+
𝐽 𝑠, �̅� = 𝐽 +,− , 𝐽 −,+

振幅は

𝑖ℳ = 𝐽 𝜆, �̅� 𝑀8 ̅8
:;:𝐽 𝑠, �̅� = 𝑔$

− 𝑠2 1 − cos 𝜃

− 𝑠2 1 − cos 𝜃 − 𝑚6/7
$

𝑔 = 𝑔() = 𝑔)(

𝑀8 ̅8
:;: =

𝑖𝑔$

𝑡 − 𝑚6/7
$

𝜆, �̅�, 𝑠, �̅�：helicity

数値計算結果（MadGraph5_aMC@NLO, v2.9.14）
Benchmark Point：𝑔 = 𝑔() = 𝑔)(= 1.0,𝑚6 = 400GeV, 𝑚7 = 500GeV
前提：  粒⼦はreconstructionは⾼精度であることを仮定

議論：
• 𝜎+, 𝜇𝜇 → 𝜏𝜏 ≪ 𝜎=> 𝜇𝜇 → 𝜏𝜏
• Δ𝑎(+,の変化（hadronic contributionの評価）→ 𝑔,𝑚6/7の制限が変化

まとめと今後の展望
• 今回採⽤したBPでは、ミューオンコライダーにおいて模型が⼗分に検証可能であることがわかった
• より広いモデルパラメータ領域で、ミューオンコライダーでの模型検証可能性を議論する
• 今回はparton level の議論→ Delphes, Pythia8 を使⽤した detecter level での解析
• 𝜇#𝜇#colliderの場合についても検証

µ


