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Framework

focus on ALPs coupling to up-sector:

Leff = 1
2(∂µa)(∂µa)− m2

a
2 a2 + ∂µa

fa
(cuR )ij ūRiγµuRj

• flavor-violating effects from ∂µa
fa (cuR )ij ūRiγ

µuRj

• RGE and heavy quark loop induced processes lead also to
a→ l+l−, a→ d̄jdj , a→ γγ, a→ gg
• constraints/probes:
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Parameter Space
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ALPs from the Top

probe charming ALPs above the charm threshold via t → aqi ,
qi = u, c
• avoid D0 − D̄0-mixing
constraint → c12 = c21 = 0
• lifetime → diagonal
couplings
cii = c11 = c22 = c33
• Br(t → aqi) → off-diagonal
couplings
c13 = c23 = c31 = c32

⇒ use cτ and Br(t → aqi) as
free parameters

t→aqBR      = 0.1

t→aqBR      = 10

-8

-4

BR      = 10t→aq
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ALPs from the Top

• ma ∼ 1− 10 GeV
• changes of fa absorbed in

changes of couplings
• here: cii = 1,

c12 = c21 = 0,
c13 = c23 = c31 = c32 = 1
• ALPs decay mostly hadronic
• ALPs highly boosted and
displaced: decay products
seen as one jet

⇒ signal:

hadronic
cc

gg

γγ

uu

μμ
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Constraints

recast searches from exotic top decays

prompt long-lived ”stable”

∫ 10−4m

0

(γcτ)−1 exp
(

−
ct

γcτ

)
d(ct)

∫ 2m

2.5−2m

(γcτ)−1 exp
(

−
ct

γcτ

)
d(ct) exp

(
−

10
γcτ

)
single top + MET searches typically for larger masses

C. Scherb 11th LLP Community workshop 5/16



Signal

• two masses: ma = 2 GeV and
ma = 10 GeV
• σsignal = σtt · Br(t →Wb) · Br(t → aq)
• c12 = 0, cij ∼ O(1),

fa = O(105 − 109) GeV
→ cτ ∼ 1 mm −100 m,
while Br(t → aq) . 10−3

two cases:
• ALP decays in hadronic calorimeter
• ALP decays in muon spectrometer
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Signal: Hadronic Calorimeter

signal properties:
• 3-5(6) jets with 1(2)

displaced and another
b-tagged
• large Ehad/Eem ratio
• no tracks in the
displaced jet
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Cut-and-Count: Hadronic Calorimeter

• LHC with
√
13 TeV, L = 350 fb−1

• cτALP = 0.1 m, Br(t → aq) = 0.001

ma = 2 GeV ma = 10 GeV tt̄
total (1) 2.79× 105 (1) 2.79× 105 (1) 2.91× 108

3− 6 jets with
pT > 40 GeV & |η| < 2.5 (0.8439) 2.35× 105 (0.8414) 2.35× 105 (0.71801) 2.09× 108

1 jet with log10
(

Ehad
Eem

)
> 1.2 (0.1436) 4.00× 104 (0.0775) 2.16× 104 (0.01244) 3.61× 106

displaced jet has ≤ 2 tracks (0.1436) 4.00× 104 (0.0775) 2.16× 104 (0.00022) 6.39× 104

with pT > 2 GeV

C. Scherb 11th LLP Community workshop 8/16



Signal: Muon Spectrometer

• 2-4(5) jets
• 1 event in the muon system
• no associated track pointing to the
primary vertex
• assumption: signal is background free
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Results

ma = 2 GeV ma = 10 GeV
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<latexit sha1_base64="JXtybJa+AjqwcakH9NBfof+HjIs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+wFtKJPttl26uwm7G6GE/gUvHhTx6h/y5r8xSXPQ1gcDj/dmmJkXRIIb67rfzsbm1vbObmmvvH9weHRcOTntmDDWlLVpKELdC9AwwRVrW24F60WaoQwE6wazu8zvPjFteKge7TxivsSJ4mNO0eZSjOVhperW3BxknXgFqUKB1rDyNRiFNJZMWSrQmL7nRtZPUFtOBVuUB7FhEdIZTlg/pQolM36S37ogl6kyIuNQp6UsydXfEwlKY+YySDsl2qlZ9TLxP68f2/Gtn3AVxZYpulw0jgWxIckeJyOuGbVinhKkmqe3EjpFjdSm8WQheKsvr5NOveZd1+oPjWqzUcRRgnO4gCvw4AaacA8taAOFKTzDK7w50nlx3p2PZeuGU8ycwR84nz+iOI3s</latexit>

tc
a

<latexit sha1_base64="9rQ1hb2O/5VpDj0uSlQJHO3gY4I=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+wFtKJPttl26uwm7G6GE/gUvHhTx6h/y5r8xSXPQ1gcDj/dmmJkXRIIb67rfzsbm1vbObmmvvH9weHRcOTntmDDWlLVpKELdC9AwwRVrW24F60WaoQwE6wazu8zvPjFteKge7TxivsSJ4mNO0eYSxfKwUnVrbg6yTryCVKFAa1j5GoxCGkumLBVoTN9zI+snqC2ngi3Kg9iwCOkMJ6yfUoWSGT/Jb12Qy1QZkXGo01KW5OrviQSlMXMZpJ0S7dSsepn4n9eP7fjWT7iKYssUXS4ax4LYkGSPkxHXjFoxTwlSzdNbCZ2iRmrTeLIQvNWX10mnXvOua/WHRrXZKOIowTlcwBV4cANNuIcWtIHCFJ7hFd4c6bw4787HsnXDKWbO4A+czx+GzI3a</latexit>

tc
a

<latexit sha1_base64="9rQ1hb2O/5VpDj0uSlQJHO3gY4I=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWMF+wFtKJPttl26uwm7G6GE/gUvHhTx6h/y5r8xSXPQ1gcDj/dmmJkXRIIb67rfzsbm1vbObmmvvH9weHRcOTntmDDWlLVpKELdC9AwwRVrW24F60WaoQwE6wazu8zvPjFteKge7TxivsSJ4mNO0eYSxfKwUnVrbg6yTryCVKFAa1j5GoxCGkumLBVoTN9zI+snqC2ngi3Kg9iwCOkMJ6yfUoWSGT/Jb12Qy1QZkXGo01KW5OrviQSlMXMZpJ0S7dSsepn4n9eP7fjWT7iKYssUXS4ax4LYkGSPkxHXjFoxTwlSzdNbCZ2iRmrTeLIQvNWX10mnXvOua/WHRrXZKOIowTlcwBV4cANNuIcWtIHCFJ7hFd4c6bw4787HsnXDKWbO4A+czx+GzI3a</latexit>

p
p
!

tj
<latexit sha1_base64="MoebJ3daadQTFHUEUAAmP8BJZcE=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJdN3dwU3LivYh7RDyaSZNjbJDElGKEO/wo0LRdz6Oe78GzNtBRU9EDiccy+55/gRZ9og9OGsrW9sbm1ndrK7e/sHh7mj444OY0Vom4Q8VD0fa8qZpG3DDKe9SFEsfE67/vQy9bv3VGkWyhszi6gn8FiygBFsrHQbRXBgQmjuhrk8KqBqpVFCEBUqyK01GpYgVK2XitC1JEUerNAa5t4Ho5DEgkpDONa676LIeAlWhhFO59lBrGmEyRSPad9SiQXVXrI4eA7PrTKCQajskwYu1O8bCRZaz4RvJwU2E/3bS8W/vH5sgrqXMBnFhkqy/CiIOUwz2vRwxBQlhs8swUQxeyskE6wwMbajrC3hKyn8n3SKBbdUKF6X883yqo4MOAVn4AK4oAaa4Aq0QBsQIMADeALPjnIenRfndTm65qx2TsAPOG+ftCyQUA==</latexit>

c⌧
A

L
P
[m

]
<latexit sha1_base64="7n/fsHOO7MTng2j7/i4yEVLXXuw=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpBV1W3LhwUcE+oAlhMp20QycPZm7EEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1+IrgCy/o2Siura+sb5c3K1vbO7p65f9BRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x9fT/3uA5OKx9E9TBLmhmQY8YBTAlryzCPqAEm9zAH2CNnVbSvP+6HrmVWrZs2Al4ldkCoq0PLML2cQ0zRkEVBBlOrbVgJuRiRwKlhecVLFEkLHZMj6mkYkZMrNZufn+FQrAxzEUlcEeKb+nshIqNQk9HVnSGCkFr2p+J/XTyG4dDMeJSmwiM4XBanAEONpFnjAJaMgJpoQKrm+FdMRkYSCTqyiQ7AXX14mnXrNPq/V7xrVZqOIo4yO0Qk6Qza6QE10g1qojSjK0DN6RW/Gk/FivBsf89aSUcwcoj8wPn8AugiV7g==</latexit>
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<latexit sha1_base64="R3yp3Xah6Op5fqY3GhoiazlIUuo="></latexit>

p
p
!

tj
<latexit sha1_base64="MoebJ3daadQTFHUEUAAmP8BJZcE=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJdN3dwU3LivYh7RDyaSZNjbJDElGKEO/wo0LRdz6Oe78GzNtBRU9EDiccy+55/gRZ9og9OGsrW9sbm1ndrK7e/sHh7mj444OY0Vom4Q8VD0fa8qZpG3DDKe9SFEsfE67/vQy9bv3VGkWyhszi6gn8FiygBFsrHQbRXBgQmjuhrk8KqBqpVFCEBUqyK01GpYgVK2XitC1JEUerNAa5t4Ho5DEgkpDONa676LIeAlWhhFO59lBrGmEyRSPad9SiQXVXrI4eA7PrTKCQajskwYu1O8bCRZaz4RvJwU2E/3bS8W/vH5sgrqXMBnFhkqy/CiIOUwz2vRwxBQlhs8swUQxeyskE6wwMbajrC3hKyn8n3SKBbdUKF6X883yqo4MOAVn4AK4oAaa4Aq0QBsQIMADeALPjnIenRfndTm65qx2TsAPOG+ftCyQUA==</latexit>
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Conclusion

• search for NP coupled to up-sector
• parameter space unconstrained above charm threshold
⇒ probe NP in exotic top decays
• ma ∼ few GeV can be long lived
• probe Br(t → aq) . 10−4 with room for improvement!
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Back-up slides
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Possible UV completions

• dark QCD

annihilation

• Froggatt-Nielsen like models with only uRi charged under U(1)
• composite Higgs models

C. Scherb 11th LLP Community workshop 13/16



Ehad/Eem distributions
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Recast of t → hq searches

c33 = 0 cij = 1
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