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ALPs

Axion-like particles (ALPs)

• pseudo-Nambu–Goldstone bosons associated with sponta-
neously broken global symmetries.

• predicted by many extensions of the SM and naturally arise in
string theory.

TeV-scale ALPs

• well-motivated by solutions to the axion quality problem.

• coupling to the gauge bosons is studied by [2203.04328].

• natural to consider the coupling to the fermions.
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ALPs Model

We extend the Standard Model with a CP-odd pNGB a:

Leff = LSM +
1

2
(∂µa)(∂

µa)− 1

2
m2
aa

2 − c
X̃

a

fa
Xb
µνX̃

bµν + caΦO
ψ
aΦ .

where,

OψaΦ = i
a

fa

∑
ψ=Q,L

ψ̄LYψΦσ3ψR + h.c. .

and Φ denotes the Higgs doublet, X ∈ {B,W,G}
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ALPs Model

δL(a) = −c
X̃

a

fa
Xb
µνX̃

bµν + caΦO
ψ
aΦ

the most restrictive of unitarity bounds [2106.05977]:

|caΦ| ≲ 6

(
fa
TeV

)(
5 TeV√

s

)
.

A benchmark model parameters used for
√
s= 5 TeV:

cW̃ cB̃ cG̃ |caΦ|/fa [TeV−1] ma [TeV]

0 0 0 6 1
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ALP production processes

Variation of ALP production cross-sections:
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• att̄ is the best channel for the search.

• The QCD processes with one gluon emission are also
considered.
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ALP production processes

Some Feynman diagrams for the signal event:
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γ
t

OψaΦ = i
a

fa

∑
ψ=Q,L

ψ̄LYψΦσ3ψR + h.c. .

The signal is considered as µ+µ− → att̄ with the ALP decaying
to a tt̄ pair.
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Background Identification

Top candidates: 140GeV < mjet < 220GeV

• Main background: tt̄tt̄

• Second important: tt̄W+W−, tt̄h, tt̄Z

The cross sections at
√
s = 5 TeV are:

tt̄a tt̄tt̄ tt̄W+W− tt̄h tt̄Z

σ[ab] 90 23 465 324 158
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Jets

Beam-induced backgrounds for the short lifetime of muon.

[2203.07964]
Cuts on jets:
• The pseudo-rapidity cut |η| < 1.5
• The transverse momentum cut pT > 50 GeV.
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Top Candidates

Distribution of top candidates:

(
√
s = 5 TeV, ma = 1TeV and L = 100 ab−1 )
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Number of Jets

Distribution of jets

(
√
s = 5 TeV, ma = 1TeV and L = 100 ab−1 )
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Cutflow

Require ntop ≥ 3, njet ≥ 4 to suppress the background:

(
√
s = 5 TeV, ma = 1TeV and L = 100 ab−1 )

cutprocesses tt̄a tt̄tt̄ tt̄W+W− tt̄h tt̄Z

origin 9015 2285 46510 32380 15790

ntop ≥ 3 495 82 37 26 3

njet ≥ 4 417 65 19 0 0

After cutting:

• background are suppressed efficiently.
• tt̄tt̄ is the main background
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Di-jet mass

Identify the di-jet with the least separation angle, ∆R:

∆R =
√
(∆η)2 + (∆ϕ)2
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Signal Significance

The variation of significance with different ALP mass:

(
√
s = 5 TeV, 10 TeV and L = 100 ab−1)

s =
5 TeV

s = 10 TeV
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Parameter Space

The detectable parameter space at 95% C.L.

Unitarity Bounds
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Summary

• TeV-scale APLs coupling to fermions in the future muon
collider are studied

• the ALP-top coupling can be crucial to probe it in four-top
channels

• shows the detectable parameter space within unitarity
constraints

• provide a complementary or even better chance to the more
investigated channels involving gauge boson couplings primarily
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Thanks
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Backup1

To reduce the BIB, the following filtering procedure during the
jet reconstruction are taken:

(1)Tracks are filtered by requiring more vertices.
(2)The normalized calorimeter hit time tN should be within a
time window |tN | < 250 ps.
(3)Each jet should contain at least one track.
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Backup2

define:

bi = f(m
(i)
jj ), si = A exp

−

(
m

(i)
jj −m0

)2

2σ2


expected number of events in the i-th bin:

λ̃i(µ) = b̃i + µs̃i

likelihood function

L(o;µ) =

NB∏
i=1

e−λ̃i(µ)λ̃i(µ)
oi

Γ(oi + 1)
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Backup2

log-likelihood test-statistic:

q0 = −2 ln
L(o;µ = 0)

L(o;µ = 1)

• q0 asymptotically obeys a chi-square distribution .

• identify
√
q0 ≃ 1.96 as a criteria(at the 95% confidence level).
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