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Right-Handed Neutrinos / HNL / Sterile neutrinos
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Diagonalise: Naturally generate the light neutrino masses if  or  is approximately conservedMD ≪ MR U(1)L
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Resulting heavy states: Majorana (Type-I) or pseudo-Dirac (inverse)



Beyond the Renormalisable
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If  is coupled to some heavy new physics at :NR Λ

Λ

v = 246 GeV

  with  SU(3)c × SU(2)L × U(1)Y NR

  with  SU(3)c × U(1)Q NR

( SMEFT)NR

( LEFT)NR

E ≪ mW, mZ, mh, mt

E ≪ Λ

L = LSM+NR +
X
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Active-to-Sterile and Sterile-to-Sterile Neutrino Magnetic Moments
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( SMEFT)NR

( LEFT)NR

Good choice for LHC studies!



To make life easier: rotated SMEFTNR
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Current Bounds: Active-Sterile Dipole Moments
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Magill, Plestid, Pospelov, Tsai, 1803.03262 

Fernández-Martínez et al., 2304.06772

Brdar, Greljo, Kopp, Opferkuch, 2007.15563 

Barducci, Liu, Titov, Wang, Zhang, 2308.16608

Schwetz, Zhou, Zhu, 2105.09699

Bolton, Deppisch, Fridell, Harz, C.H. , Kulkarni, 2110.02233

• Neutrino upscattering (solar , CE NS) 
• Meson Decays (Dalitz-like) 
• Supernova cooling (SN1987A) 

• Monophoton + ,  at LEP, LHC

ν ν

Emiss
T Γinv

Z

μB ∼
e

2me
∼ 3 × 102 GeV−1



LLPs @ LHC
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HNL Production
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HNL Decays



Possible Scenarios
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9 Scenarios: Where is the non-pointing photon signature viable?

B1-B3: (> 1) non-pointing photons from  and  decaysN1 N2



Displaced Vertex Signatures: Non-Pointing Photons
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CMS, arXiv:1207.0627

Non-pointing photon signal from decaying HNL: 
Characterized by impact parameter
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pp → N1N2 : (dNNγ, dNNZ)
N1 : (Emiss

T )
N2 → (N1γ)LLP (dNNγ, δ)

Scenario B1

 s = 14 TeV  ℒ = 3 ab−1

Solid: 3 events (95% C.L.) 
Dashed: 30 events 

NB1
sig. = � · L · B (N2 ! N1�) · ✏B1

sel
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Scenario B2

 
 ( ) 

  ( , )

pp → N1N2 : (dNNγ, dNNZ)
N1 → (νγ)LLP : dνNγ
N2 → N1γ → (νγ)LLPγ : dνNγ dNNγ

 s = 14 TeV  ℒ = 3 ab−1

Solid: 3 events (95% C.L.) 
Dashed: 30 events  mN1

< mN2

NB2
sig. = � · L · B (N2 ! N1�) · 2 · B (N1 ! ⌫�) · ✏B2

sel
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Scenario B3

Type-I Seesaw target region

,  
 

pp → N1N2 : (dNNγ, dNNZ)
N1 → (ejj)LLP : (VeN)
N2 → N1γ → (ejj)LLPγ : (dNNγ, VeN)

q̄

q

�

j

j

`±

j

j

`±

�/Z

N2

N1

N1

 s = 14 TeV  ℒ = 3 ab−1

Solid: 3 events (95% C.L.) 
Dashed: 10 events 

NB3
sig. = � · L · B (N2 ! N1�) · 2 · B (N1 ! ejj) · ✏B3

sel

Solid black: DV + prompt  ℓ Cottin et al., 2105.13851

X



A Model Example:
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A case example of Active-to-Sterile moment

cLFV shows excellent complementary to LLP searches @ LHC

No  couplingse  only couplingsτ

 to obtain h, h′￼ > 4π C(5)
NNB



Thank you for your attention!

Take home: 
• Non-pointing photons can explore new regions of parameter space for  ,  and  @ LHC 
• In realistic models complementarity with cLFV

dNNγ dνNγ VαN


