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Plan of the talk

1 Experimental and theoretical status of the muon aµ ≡ gµ−2
2

I Hadronic LO contribution from e+e− → hadrons

I Hadronic LO contribution from Lattice QCD (LQCD)

2 New Physics explanations of the (possible) muon g − 2 anomaly

I Electroweak scale NP: the supersymmetric (SUSY) solution

I Heavy NP: Effective Field Theory (EFT) approach

I Light NP: the axion-like particle (ALP) solution

3 Testing the muon g − 2 anomaly at a Muon Collider

4 Testing the muon g − 2 anomaly with the electron g − 2

5 Outlook
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Experimental status

• Muon g − 2: FNAL confirms BNL!

M. Passera    IAS    13.4.2021 2

Muon g-2: FNAL confirms BNL μ

aμEXP = (116592089 ± 63) x 10-11 [0.54ppm]  BNL E821 

aμEXP = (116592040 ± 54) x 10-11 [0.46ppm]  FNAL E989 Run 1 

aμEXP = (116592061 ± 41) x 10-11 [0.35ppm]  WA 

FNAL aims at 16 x 10-11. First 3 runs completed, 4th in progress. 

Muon g-2 proposal at J-PARC: Phase-1 with ~ BNL precision.

4.2 σ

3.7 σ

3.3 σ

• FNAL aims at 16× 10−11. First 3 runs completed, 4th in progress.
• Muon g − 2 proposal at J-PARC: Phase-1 with similar BNL precision.
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HLO contribution from e+e− → hadrons

M. Passera    IAS    13.4.2021

Keshavarzi, Nomura, Teubner 2018 

7

WP20 value obtained merging conservatively DHMZ + KNT + constraints from CHHKS   
Colangelo, Hoferichter, Hoid, Kubis, Stoffer 2018-19

μ

K(s) =

Z 1

0
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x2(1 � x)

x2 + (1 � x)(s/m2)
aHLO

µ =
1

4⇡3

Z 1

4m2
⇡

ds K(s)�(0)(s) =
↵2

3⇡2

Z 1

4m2
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ds

s
K(s)R(s)

 F. Jegerlehner, arXiv:1711.06089  

Davier, Hoecker, Malaescu, Zhang, arXiv:1908.00921

Keshavarzi, Nomura, Teubner, arXiv:1911.00367

WP20 value

aμHLO = 6895 (33)  x 10-11 

          = 6939 (40)  x 10-11 

          = 6928 (24) x 10-11 

              = 6931 (40) x 10-11 (0.6%)  

 

The hadronic LO contribution

Radiative Corrections to σ(s) are crucial.   S. Actis et al, Eur. Phys. J. C66 (2010) 585

Hadronic vacuum polarization

aHVP
µ =

µ µ

Optical theorem (from unitarity; conservation of probability) for hadronic contribution

! dispersion relation:

Im ⇠
2

⇠ �(e+e� ! �⇤ ! hadrons)

aHVP
µ =

1

3

⇣↵
⇡

⌘2
Z 1

0

ds

s
K(s) R(s), R(s)=

�(e+e� ! �⇤ ! hadrons)

�(e+e� ! �⇤ ! µ+µ�)

[Bouchiat, Michel ’61; Durand ’62; Brodsky, de Rafael ’68; Gourdin, de Rafael ’69]

K(s) slowly varying, positive function ) aHVP
µ positive. Data for hadronic cross section

� at low center-of-mass energies
p

s important due to factor 1/s: ⇠ 70% from

⇡⇡ [⇢(770)] channel, ⇠ 90% from energy region below 1.8 GeV.

Other method instead of energy scan: “Radiative return”

at colliders with fixed center-of-mass energy (DA�NE, B-

Factories, BEPC) [Binner et al. ’99; Czyż et al. ’00-’03]

Hadrons

γ

γ

e−

e+

aHLO
µ =

α2

3π2

∫ ∞
4m2
π

ds

s
K (s) R(s) R(s) =

σ(e+e−→had)

σ(e+e−→µ+µ−)
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(b) The uncertainty of the hadronic R-ratio.

Figure 21: Contributions to the total hadronic R-ratio from the di↵erent final states (upper panel) and
their uncertainties (lower panel) below 1.937 GeV. The full R-ratio and its uncertainty is shown in light
blue in each plot, respectively. Each final state is included as a new layer on top in decreasing order of
the size of its contribution to ahad, LO VP

µ .

28

aHLO
µ,e+e− = 6931(40)× 10−11(0.6%) [WP20]

Paride Paradisi (University of Padova and INFN) Probing new physics with the leptonic g-2 TAU2021 4 / 20



HLO contribution from lattice QCD

• Great progress in lattice QCD results. The BMW collaboration reached 0.8%
precision: aHLO

µ,LQCD = 7075(23)stat(50)syst × 10−11
[Borsanyi et al., Nature 2021].

Nature | www.nature.com | 3

input, and the isospin-symmetry-breaking effects were included only 
as an estimate.

The second issue is noise reduction. Our result for aµ is obtained 
as an integral over the conserved current–current correlation func-
tion, from zero to infinite time separation, as shown in equation (2). 
For large separations the correlator is noisy, and this noise manifests 
itself as a statistical error in aµ. To reach the desired accuracy on aµ, one 
needs high precision at every step. Over 20,000 configurations were 
accumulated for our 27 ensembles on L ≈ 6 fm lattices (L is the spatial 
extent of the lattice). In addition, we include a lattice with L ≈ 11 fm. 
The most important improvement over our earlier aµ determination 
in ref. 14 is the extensive use of analysis techniques that are based on the 
lowest eigenmodes of the Dirac operator; see, for example, refs. 15–18.  
An accuracy gain of about an order of magnitude can be reached using 
this technique for aµ (refs. 19,20).

The third issue is isospin-symmetry breaking. The precision needed 
cannot be reached with pure, isospin-symmetric QCD. Thus, we 
include QED effects and allow the up and down quarks to have differ-
ent masses. These effects are included both in the scale determination 
and in the current–current correlators. We note that the separation 
of isospin-symmetric and isospin-symmetry-breaking contributions 
requires a convention, which we discuss in detail in Supplementary 
Information. Strong–isospin breaking is implemented by taking deriva-
tives of QCD + QED expectation values with respect to up/down quark 
masses and computing the resulting observables on isospin-symmetric 
configurations21. We note that the first derivative of the fermionic 
determinant vanishes. We also implement derivatives with respect 
to the electric charge22. It is useful to distinguish between the electric 
charge in the fermionic determinant (es or sea electric charge) and in 
the observables (ev or valence electric charge). The complete list of 
graphs that should be evaluated are shown in Fig. 1 with our numerical 
results for them.

The final observable is given as a Taylor expansion around the 
isospin-symmetric, physical-mass point with zero sea and valence 
charges. Instead of the quark masses, we use the pseudoscalar meson 
masses of pions and kaons, which can be determined with high preci-
sion. Using the expansion coefficients, we extrapolate in the charges, 
in the strong–isospin symmetry-breaking parameter and in the lattice 
spacing, and interpolate in the quark masses to the physical point. Thus, 
we obtain aµ and its statistical and systematic uncertainties.

The fourth issue is the extrapolation to the infinite-volume and con-
tinuum limit. The standard wisdom for lattice calculations is that MπL > 4 
should be taken, where Mπ is the mass of the pion. Unfortunately, this 
is not satisfactory in the present case: aµ is far more sensitive to L than 
other quantities, such as hadron masses, and large volumes are needed 
to reach per-thousand accuracy. For less volume-sensitive quantities, 
we use well established results to determine the finite-volume correc-
tions on the pion decay constant23 and on charged hadron masses24–26. 
Leading-order chiral perturbation theory27 and two-loop, partially 
quenched chiral perturbation theory20,28 for aµ help to describe 
finite-size corrections, but the non-perturbative, leading-order, large-L 
expansion of ref. 29 indicates that those approaches still lead to sys-
tematic effects that are larger than the accuracy that we are aiming 
for. In addition to the infinite-volume extrapolation, the continuum 
extrapolation is also difficult. This is connected to the taste-symmetry 
breaking of staggered fermions, which we use in this work.

We correct for finite-volume effects on aµ by computing them directly 
by performing lattice simulations on L ≈ 11 fm lattices, with highly 
suppressed taste violations and with physical, taste-averaged pion 
masses. These corrections are cross-checked against three models 
that describe the relevant long-distance physics, in turn validating 
the use of these models for the residual, sub-per-thousand extrapola-
tion to infinite volume. These models include: (i) the full two-loop, 
finite-volume, chiral perturbation theory corrections for aµ; (ii) the 
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Fig. 2 | Continuum extrapolation of the light connected component of aµ, 
a µ

light. Before extrapolation we apply a taste-improvement procedure on the 
correlator, starting at some distance tsep. (See Supplementary Information for 
details on the improvement ‘SRHO’.) Datasets are shown for two choices of tsep, 
0.4 fm (red) and 1.3 fm (blue). The corresponding lines show fits using linear 
and quadratic terms of a2 with varying number of lattice spacings in the fit. Our 
final analysis involves about 500,000 different continuum extrapolations, 
shown in the histogram on the left. The purple line in the left panel shows the 
central value of the final result. To estimate the error related to the 
taste-improvement procedure, we use next-to-next-to-leading-order 
staggered chiral perturbation theory (NNLO) in the long-distance part of the 
correlator (t > 1.3 fm). The corresponding data are shown with grey points, 
together with a histogram, from which the systematic error related to the taste 
improvement is obtained. The total error of the final result is given by the grey 
band in the left panel. Central values are medians; errors are s.e.m. The results 
are obtained on lattices of sizes L ≈ 6 fm.

Colangelo et al.5,
Hoferichter et al.6

Keshavarzi et al.4

Davier et al.3

Borsanyi et al.14

Blum et al.19

Giusti et al.34

Davies et al.33

Gérardin et al.32

This work

 660  680  700  720  740
 aP

LO-HVP ( ×1010) 

Lattice R-ratio

No new physics

Fig. 3 | Comparison of recent results for the LO-HPV contribution to the 
anomalous magnetic moment of the muon. See ref. 7 for a recent review. 
Green squares are lattice results: this result (filled symbol) and those of 
Gérardin et al.32, Davies et al.33, Giusti et al.34, Blum et al.19 and our earlier work, 
Borsanyi et al.14. Central values are medians; error bars are s.e.m. Compared to 
Borsanyi et al.14, this work has increased the accuracy of the scale setting from 
the per cent to the per thousand level; has decreased the statistical error from 
7.5 to 2.3; has computed all isospin-symmetry-breaking contributions, as 
opposed to estimating it, with the corresponding error being 1.4, down from 
5.1; has made a dedicated finite-size study to decrease the finite-size error from 
13.5 to 2.5; has decreased the continuum extrapolation error from 8.0 to 4.1 by 
obtaining much more statistics on our finest lattice and applying taste 
improvement. Red circles were obtained using the R-ratio method by Davier 
et al.3, Keshavarzi et al.4, and Colangelo et al.5 and Hoferichter et al.6; these 
results use the same experimental data as input. The blue shaded region is the 
value that ‐a µ

LO HVP should have to explain the experimental measurement of 
(gµ − 2), assuming no new physics.

• BMW results weakens the long-standing muon g − 2 discrepancy but it shows
a tension with dispersive evaluations of aHLO

µ,e+e− = 6931(40)× 10−11.
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Consequences of the BMW result

• Can ∆aµ be due to missing contributions in σ(e+e− → had)?

I An upward shift of σ(s) also induces an increase of ∆α
(5)
had(MZ ) defined by:

α−1(MZ ) = α−1
[
1−∆α(MZ )−∆α

(5)
had(MZ )−∆αtop(MZ )

]

aHLO
µ =

1
4π3

∫ ∞

4m2
π

ds K (s)σ(s) , ∆α
(5)
had =

M2
Z

4πα2

∫ ∞

4m2
π

ds
σ(s)

M2
Z − s

Hadronic vacuum polarization

aHVP
µ =

µ µ

Optical theorem (from unitarity; conservation of probability) for hadronic contribution

! dispersion relation:

Im ⇠
2

⇠ �(e+e� ! �⇤ ! hadrons)

aHVP
µ =

1

3

⇣↵
⇡

⌘2
Z 1

0

ds

s
K(s) R(s), R(s)=

�(e+e� ! �⇤ ! hadrons)

�(e+e� ! �⇤ ! µ+µ�)

[Bouchiat, Michel ’61; Durand ’62; Brodsky, de Rafael ’68; Gourdin, de Rafael ’69]

K(s) slowly varying, positive function ) aHVP
µ positive. Data for hadronic cross section

� at low center-of-mass energies
p

s important due to factor 1/s: ⇠ 70% from

⇡⇡ [⇢(770)] channel, ⇠ 90% from energy region below 1.8 GeV.

Other method instead of energy scan: “Radiative return”

at colliders with fixed center-of-mass energy (DA�NE, B-

Factories, BEPC) [Binner et al. ’99; Czyż et al. ’00-’03]

Hadrons

γ

γ

e−

e+

• A change in σ(e+e− → had) is strongly disfavoured by:

I EW-fit for
√

s & 1 GeV [Marciano, Passera, Sirlin, ’08, Keshavarzi, Marciano, Passera, Sirlin, ’20,
Crivellin, Hoferichter, Manzari, Montull, ’20]. A shift of σ(e+e− → had) to accomodate the
∆aµ anomaly would necessarely require new physics to show up in the EW-fit!

I Experimental data on e+e−→π+π− for
√

s . 1 GeV [Colangelo, Hoferichter, Stoffer, ’21]

• A check of the BMW results by other lattice QCD (LQCD) coll. is worth.

• LQCD coll. should provide ∆αLQCD
had to be compared with ∆αe+e−

had .
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The NP scale of the muon g-2 anomaly

New Physics for the muon g − 2: at which scale?

• ∆aµ discrepancy at ∼ 4.2σ level:

∆aµ = aEXP
µ − aSM

µ ≡ aNP
µ = (2.51± 0.59)× 10−9

∆aµ ≡ aNP
µ ≈ (aSM

µ )weak ≈
m2
µ

16π2v2 ≈ 2× 10−9

I NP is at the weak scale (Λ ≈ v ) and weakly coupled to SM particles.*

I NP is very heavy (Λ� v ) and strongly coupled to SM particles.

I NP is very light (Λ . 1 GeV) and feebly coupled to SM particles.

*Favoured by the hierarchy problem and by a WIMP DM candidate but disfavoured
by the LEP and LHC bounds (supersymmetry being the most prominent example).
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Λ ≈ v : SUSY and the muon (g − 2)
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Figure: LHC Run 2 bounds on SUSY scenario for the muon g − 2 anomaly for tanβ = 40.
Orange (yellow) regions satisfy the muon g − 2 anomaly at the 1σ (2σ) level [Endo et al., ’20].
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µ )weak ≈

g2m2
µ

32π2M2
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≈ 2× 10−9 aSUSY

µ ≈ g2m2
µ tanβ

32π2m̃2 ≈ 2× 10−9

︸ ︷︷ ︸
m̃ = 500GeV & tan β=40
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Λ� v : the muon g-2 in the Standard Model EFT [Buttazzo and P.P., ’20 ]

• SMEFT Lagrangian relevant for ∆a`

L =
∑

V =B,W

C`
eV

Λ2

(
¯̀Lσ

µνeR
)
HVµν +

∑

q=c,t

C`q
T

Λ2 (`LσµνeR)(QLσ
µνqR) + h.c.

ℓL

ℓR

γ
Cℓ

eγ

ℓL

ℓR

γZ

Cℓ
eZ

ℓL

ℓR

γCℓq
T

q = t, c

∆a` ' 4m2
`

eΛ2

v
m`

(
C`

eγ −
3α
2π

c2
W−s2

W

sW cW
C`

eZ log
Λ

mZ

)
−
∑

q=c,t

4m2
`

π2

mq

m`

C`q
T

Λ2 log
Λ

mq

|∆aµ|
3×10−9 ≈

( 250 TeV
Λ

)2 |Cµ
eγ | |∆aµ|

3×10−9 ≈
( 50 TeV

Λ

)2 |Cµ
eZ |

|∆aµ|
3×10−9 ≈

( 100 TeV
Λ

)2 |Cµt
T |

|∆aµ|
3×10−9 ≈

( 10 TeV
Λ

)2 |Cµc
T |

I Strongly coupled NP: Cµeγ ,C
µt
T ∼ g2

NP/16π2 . 1 implying Λ . few x 100 TeV,
beyond the direct production reach of any foreseen collider.

I Weakly coupled NP: Cµeγ ,C
µt
T . 1/16π2 implying Λ . 20 TeV maybe within the

direct production reach of a very high-energy Muon Collider
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Connecting (g − 2)µ with high-energy processes [Buttazzo and P.P., ’20 ]

• SMEFT Lagrangian relevant for ∆a`

L =
∑

V =B,W

C`
eV

Λ2

(
¯̀Lσ

µνeR
)
HVµν +

∑

q=c,t

C`q
T

Λ2 (`LσµνeR)(QLσ
µνqR) + h.c.

Cℓ
eγ
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γ
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Figure: Connection between the Feynman diagrams for leptonic g-2 (upper row) and
high-energy scattering processes (lower row) within the SMEFT: H = v + h/

√
2

∆aµ ∼
mµv

Λ2 CeV ,T ⇐⇒ σµµ→f ∼
s

Λ4 |CeV ,T |2 (f = eγ, eZ , qq̄)

• At high energy σµµ→f can compete with ∆aµ to test the very same NP!
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The muon g-2 at a Muon Collider [Buttazzo and P.P., ’20 ]
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Figure: 95% C.L. reach on ∆aµ, as well as on the muon EDM dµ, as a function of
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s from
various processes for the reference integrated luminosity L =

(√
s/10 TeV

)2× 10 ab−1.
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∆aµ tanφµ
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e ' 3× 10−22
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Paride Paradisi (University of Padova and INFN) Probing new physics with the leptonic g-2 TAU2021 11 / 20



Λ . 1 GeV: Axion-like Particles and the muon (g − 2)

Axion-like Particle effective Lagrangian

L = e2Cγγ
a
Λ

Fµν F̃µν +
cµµ
2
∂νa

Λ
µ̄γνγ5µ

l

a, s

l

a, s

a, s

ll
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llll

A

DC

B

Figure: Contributions of a scalar ‘s’ and a
pseudoscalar ‘a’ ALP to the (g − 2)`.

[Marciano, Masiero, P.P., Passera ’16]

[Bauer, Neubert, Renner, Schnubel, Thamm, ’19]

[Cornella, P.P., Sumensari ’19]
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Figure: ∆aµ regions favoured at 68% (red), 95% (orange)
and 99% (yellow) CL. Gray regions are excluded by the BaBar
search e+e−→µ+µ−+µ+µ− [Bauer, Neubert, Thamm, ’17]

∆aµ =
m2
µ

Λ2

[
12α3

π
C2
γγ ln2 Λ2

m2
µ

− (cµµ)2

16π2 h1

(
m2

a

m2
µ

)
− 2α

π
cµµCγγ ln

Λ2

m2
µ

]
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On leptonic dipoles: `→ `′γ

• NP effects are encoded in the effective Lagrangian

L = e
m`

2
(

¯̀RσµνA``′`
′
L + ¯̀′

LσµνA?``′`R
)

Fµν `, `′ = e, µ, τ ,

I Branching ratios of `→ `′γ

BR(`→ `′γ)

BR(`→ `′ν`ν̄`′ )
=

48π3α

G2
F

(
|A``′ |2 + |A`′`|2

)
.

I ∆a` and leptonic EDMs

∆a` = 2m2
` Re(A``),

d`
e

= m` Im(A``) .

I “Naive scaling”: a broad class of NP theories contributes to ∆a` and d` as

∆a`
∆a`′

=
m2
`

m2
`′
,

d`
d`′

=
m`
m`′

.
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Model-independent predictions

• BR(`i → `jγ) vs. (g − 2)µ

BR(µ→ eγ) ≈ 3× 10−13
(

∆aµ
3× 10−9

)2(
θeµ

10−5

)2

BR(τ → µγ) ≈ 4× 10−8
(

∆aµ
3× 10−9

)2(
θµτ

10−2

)2

• EDMs vs. (g − 2)µ

de '
(

∆aµ
3× 10−9

)
10−28

(
φCPV

e

10−4

)
e cm ,

dµ '
(

∆aµ
3× 10−9

)
2× 10−22 φCPV

µ e cm .

• Main messages:

I ∆aµ ≈ (3± 1)× 10−9 requires a nearly flavor and CP conserving NP
I Large effects in the muon EDM dµ ∼ 10−22 e cm are still allowed!

[Giudice, P.P., & Passera, ’12]
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Testing new physics with the electron g − 2

• Longstanding muon g − 2 anomaly

∆aµ = aEXP
µ − aSM

µ ≡ aNP
µ = (2.51± 0.59)× 10−9

∆aµ ≡ aNP
µ ≈ (aSM

µ )weak ≈
m2
µ

16π2v2 ≈ 2× 10−9

• Testing the muon g − 2 anomaly through the electron g − 2

∆ae

∆aµ
=

m2
e

m2
µ

⇐⇒ ∆ae =

(
∆aµ

3× 10−9

)
0.7× 10−13

I ae has never played a role in testing NP effects. From aSM
e (α) = aEXP

e ,
we extract α which was is the most precise value of α up to 2018!

I The situation has now changed thanks to th. and exp. progresses.

I α can be extracted from atomic physics and ae used to perform NP tests!

[Giudice, P.P, & Passera, ’12]
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The Standard Model prediction of the electron g − 2

• Status of ∆ae as of 2012

∆ae = aEXP
e − aSM

e = −9.2 (8.1)× 10−13,

δae × 1013 : (0.6)QED4, (0.4)QED5, (0.2)HAD, (7.6)δα, (2.8)δaEXP
e

.

I The errors from QED4 and QED5 will be reduced soon to 0.1× 10−13 [Kinoshita]

I We expect a reduction of δaEXP
e to a part in 10−13 (or better). [Gabrielse]

I Work is also in progress for a significant reduction of δα. [Nez]

• Status of ∆ae as of 2018: 2.4σ discrepancy [Parker et al., Science, ’18]

∆ae = aEXP
e − aSM

e (αBerkeley) = −8.8 (3.6)× 10−13

δae × 1013 : (0.1)QED5, (0.1)HAD, (2.3)δα, (2.8)δaEXP
e

.

• Status of ∆ae as of 2020: 1.6σ discrepancy [Morel et al., Nature, ’20]

∆ae = aEXP
e − aSM

e (αLKB2020) = 4.8 (3.0)× 10−13

δae × 1013 : (0.1)QED5, (0.1)HAD, (0.9)δα, (2.8)δaEXP
e

.

• ∆ae . 10−13 is not too far! This will bring ae to play a pivotal role in
probing new physics in the leptonic sector. [Giudice, P.P, & Passera, ’12]
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Outlook

• The muon g − 2 represents the most longstanding hint of New Physics now,
thanks to the E989 experiment at FNAL, growing to 4.2σ.

• LQCD results by the BMWc weaken the muon g − 2 discrepancy to 1.6σ but
they are in tension with the EW-fit and e+e− → hadrons experimental data:
I The MUonE experiment can provide an independent measure of ∆αhad.

• Both heavy New Physics (Λ� 1TeV) and ligh New Physics (Λ . few ×GeV)
scenarios have the potential to account for the muon g−2 anomaly.

• A Muon Collider running at
√

s �1TeV would provide a unique opportunity to
probe heavy New Physics effects in the muon g-2 in a model-independent way:
I Direct determination of NP, not hampered by the hadronic uncertainties of aSM

µ .
I A high-energy measurement with O(1) precision is sufficient to probe ∆aµ∼10−9.

• Testing New Physics effects in the electron g − 2 at the 10−13 is not too far! This
will bring ae to play a pivotal role in probing New Physics in the leptonic sector.

• The NP accounting for the muon g − 2 anomaly can lead to potentially relevant
enhancements in leptonic EDMs and LFV physics.

Message: an exciting Physics program is in progress at the Intensity Frontier!
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Backup slides

Backup slides
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Connecting (g − 2)µ with high-energy processes [Buttazzo and P.P., ’20 ]

• Connecting µ+µ− → hγ with ∆aµ

σµµ→hγ =
s

48π
|Cµ

eγ |2
Λ4 ≈ 0.7 ab

( √
s

30 TeV

)2(
∆aµ

3× 10−9

)2

• SM irreducible background:

I σSM
µµ→hγ ≈ (αy2

µ/4s)× ln(s/m2
µ)|√s=30 TeV ∼ 4× 10−3 ab: negligible!

• SM reducible background:

dσµµ→Zγ

d cos θ
∼ πα2

4s
1+cos2 θ

sin2 θ

dσµµ→hγ

d cos θ
=
|Cµ

eγ |2
Λ4

s
64π

(1−cos2 θ)

I The significance of the signal S = NS/
√

NB + NS maximal for |cos θ| . 0.6.

σcut
µµ→hγ ≈ 0.53 ab

(
∆aµ

3×10−9

)2
, σcut

µµ→Zγ ≈ 82 ab (
√

s = 30 TeV)

I S/B isolation: i) angular distributions and ii) h/Z invariant mass reconstruction.

I Cut-and-count exp. with bb̄ final state, B(h/Z → bb̄) = 0.58/0.15 and εb = 80%.

I For a Z/h misident. prob. of 10%, NS(B) = 22(88) and S = 2 at
√

s = 30 TeV.
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Connecting (g − 2)µ with high-energy processes [Buttazzo and P.P., ’20 ]

• Connecting µ+µ−→ (hγ, Zh, t t̄, cc̄) with ∆aµ

σcut
µµ→hγ ≈ 0.5 ab

( √
s

30 TeV

)2(
∆aµ

3×10−9

)2

σµµ→Zh ≈ 38 ab
( √

s
10 TeV

)2(
∆aµ

3×10−9

)2

σµµ→t t̄ ≈ 58 ab
( √

s
10 TeV

)2(
∆aµ

3×10−9

)2

σµµ→cc̄ ≈ 100 fb
( √

s
3 TeV

)2(
∆aµ

3×10−9

)2

Cℓ
eγ

ℓL

ℓ̄R

γ

v

ℓL

ℓ̄R

γZ

Cℓ
eZ

v ℓL

ℓ̄R

γCℓq
T

q = t, c

v

ℓL

ℓ̄R

γ

h

Cℓ
eγ

ℓL

ℓ̄R

Z

h

Cℓ
eZ

ℓL

ℓ̄R

q

q̄

Cℓq
T

• ∆aµ predictions in the SMEFT

|∆aµ|
3×10−9 ≈

( 250 TeV
Λ

)2 |Cµ
eγ | |∆aµ|

3×10−9 ≈
( 50 TeV

Λ

)2 |Cµ
eZ |

|∆aµ|
3×10−9 ≈

( 100 TeV
Λ

)2 |Cµt
T |

|∆aµ|
3×10−9 ≈

( 10 TeV
Λ

)2 |Cµc
T |

• SM irreducible background

σSM,cut
µµ→Zγ ≈ 82 ab

(
30 TeV√

s

)2
σSM
µµ→Zh ≈ 122 ab

(
10 TeV√

s

)2

σSM
µµ→t t̄ ≈ 1.7 fb

(
10 TeV√

s

)2
σSM
µµ→cc̄ ≈ 19 fb

(
3 TeV√

s

)2
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