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Tau neutrino had 
remained the only 
particle of  SM that had 
not been directly 
observed except for the 
Higgs boson.

The DONUT 
detector (2000)

https://news.fnal.gov/2000/07/physicists-find-first-direct-evidence-tau-neutrino-fermilab/

Tau lepton at low 
energies is short-lived

Conventional sources of  
Neutrinos produce only 
first and second 
generation
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Physical review letters 126.14 (2021): 141801.
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First neutrino 
observation at LHC 
reported by FASER 
collaboration

Abreu, Henso, et al. 
"First neutrino 
interaction 
candidates at the 
LHC." arXiv preprint 
arXiv:2105.06197 (20
21)

Detector mass: 1200 
and 850 kg, 
Reach to 20 ton for 
proposed Faser  2

Faser    and 
SND@LHC will take 
data during the run III 
of  the LHC
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Integrated luminosity 
of  150       up to 3000 
for Faser 
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Images are taken from Albert De Roeck talk(29 Sep 2021) /185



The FASER resolve 
vertices with 
precision of  0.4 

Ideal setup for 
studying the dark 
sector which go 
through chain decays
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Forward Neutrino Fluxes at the LHC, Felix Kling, 2105.08270
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2HDM One of  the 
simplest 
extension of  SM

The Lagrangian of  the 
minimalistic version of  
the model

is a right-handed singlet fermionN
The present bounds 
from direct production 
of  these particles at 
CMS and ATLAS must 
be avoided

Φ0 ∼ Φ+ ∼ 300 GeV
Yu ∼ Yd ∼ 0.3

Yμ ∼ 3

To have high rate of       
production at 
FASERnu and 
SND@LHC

N
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We assume only 
the second 
generation 
leptons couple 
to     and N

N

uνμ

u
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The nucleon Parton 
distribution 
functions are 
computed by 
LHAPDF6
Eur. Phys. J. C 75 (2015) 132 [1412.7420] 
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The total number 
of      and    
production 

N N̄
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    carries a fraction of  
O(0.3) of  the energy 
of  the initial neutrino

N
γ−1

N ∼ 10−2

Dependence of  the    
decay on        is very 
strong

mN

N
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The model predicts 
two signals

All vertex lies within a 
cone

/1812



The model predicts 
two signals

The signals are 
background-free
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FASER     
improves the 
theoretical limit 
on                by a 
factor of  10

ν

Gu = Gd
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The     coupling 
gives 
contribution  
to 

Yμ

(g − 2)μ The minimal model accounts for at most 25% of  the anomaly

Adding more generations the anomaly can be completely explained
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The scenarios for 
overproduction 
of      τ
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       Spectrumτ
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Summery
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The component of  Phi should be heavier than 300 Gev and 
their coupling to quarks is of  order of  O(0.3) or smaller 

In the minimal version of  the model, the signitures at 
forward experiments will be a multiple jet vertex due to N 
production 

The phi and N also could couple to the first and third lepton 
generations. However we focused on the second as it is 
less constrained than first and moreover, the possibility of  
an observable signal is higher 

In both version of  minimal and model with multiple N, The 
predicted signals at FASERnu will be background free.


