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Neutrino magnetic moment: theory

•  Neutrino oscillation indicates that neutrinos have mass


•  Addition of right-handed neutrino  ensures  

a nonzero magnetic moment 

• Adding  to SM can generate tiny magnetic moment, 
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Neutrino magnetic moment: theory
• In the framework of well-motivated  
Seesaw mechanism, mass generation  

involves heavy  ,  

i.e., heavy neutral lepton (HNL) 

•  can be enhanced in BSM theories considering the dipole portal 
between active  and sterile  , leading to “transition magnetic 
moment” 
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Active-sterile neutrino transition magnetic 
moment

We consider 6-dim EFT Lagrangian with electroweak symmetry,
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Constraints on neutrino magnetic moment and 
prospects of collider exp.

Collider Probes of Neutrino 
Magnetic Moment… 

Higher energy  can


produce and thus probe larger 
HNL mass  


While… 


Higher luminosity  allows to


test the sensitivity on  more 
precisely since sensitivity reach, 

s
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ℒ

dγ

dγ ∝ ℒ−1/4
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Constraints on neutrino magnetic moment and 
prospects of collider exp.

Collider Probes of Neutrino 
Magnetic Moment… 

Higher energy  can


produce and thus probe larger 
HNL mass  


While… 


Higher luminosity  allows to


test the sensitivity on  more 
precisely since sensitivity reach, 
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Only up to 
100 GeV
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Prospects of future experiments
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Circular  
Collider (CEPC)

e−e+

s = 240 GeV, 
ℒ = 20 ab−1

Muon Collider
s = 10 TeV, 

ℒ = 10 ab−1

Compact Linear 
Collider (CLIC) 

s = 3 TeV, 
ℒ = 3 ab−1

High Lumi LHC

Operational by 2029

s = 14 TeV, 
ℒ = 3 ab−1
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Previously on -dipole portal at collidersν
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Mono-photon signal and its background 

8

Signal:  (on-shell) 
and  decays to a photon: 


ℓ+ℓ− → ν̄N
N N → νγ

Background

ℓ+ℓ− → νν̄γ, ℓ+ℓ− → ℓ+ℓ−γ, ℓ+ℓ− → γγγ
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Cross-section σ(ℓ+ℓ− → νN)

9

σtot =
squared terms

σγ + σZ + σW

+ σγZ + σγW + σWZ

interference terms
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Cross-section σ(ℓ+ℓ− → νN)

9

σtot =
squared terms

σγ + σZ + σW

+ σγZ + σγW + σWZ

interference terms
We found them to be non-vanishing 

in contrast to a previous study 
(arXiv:2301.06050)
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Dipole couplings and decay widths
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Analysis

• Goal is to probe 


• Note that  are correlated,  
we can impose constraints on them  
to  evaluate exclusion limit on 


• We generate Monte Carlo events  
scanning  parameter space 

dγ ∝ (cB + cW)

(dγ, dZ, dW)

dγ

(cB, cW)
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2 → 3
(cB, cW) → (dγ, dZ, dW)

Choice of constraints: 

• 

•

dZ = 0
dW = 0
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Analysis

With choices of constraints (e.g. , )…
dW = 0 dZ = 0
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Generating MC events for 
monophoton signal 
scanning  

parameter space

(cB, cW)
Applying conservative  

cuts on the events 

i.e. N → Ncut

Implement  and 

find optimal 

Ncut(cB, cW)
(dγ, mN)

Important cuts:

photon: 

Veto lepton 

Veto Z-resonance

pT,γ > 20 GeV, |ηγ | < 2.5
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Our results
With the constraint


, 

high energy and 
luminosity 

increase the sensitivity 

to probe the 
parameters 


 and 


dZ = 0

dγ mN
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Preliminary result
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Our results

• We can also explore the 
parameter space at the 
hadron collider


• With the constraint
, high luminosity 

( ) 
improves the sensitivity 
by an order of magnitude

dW = 0
36.1 fb−1 → 3000 fb−1

14

arXiv:1803.03262

Our work
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Summary

• Calculated HNL production cross-section and decay widths analytically 


• Evaluated sensitivity reach on  (and ) obtained from mono-photon 
signal events  


• Plan to extend our investigation to other unique signals of HNL 


• With the projected sensitivity on   and , unconstrained region in the 
parameter space  can be tested at the proposed future colliders

dγ mN

dγ mN
(dγ, mN)

15



Backup…
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Intensity and dγ

High intensity allows to


access the “ -well” deeper  
since limit for 

dγ
dγ ∝ ℒ−1/4
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S(B) = σS(B)ℒϵ, σS ∝ d2
γ

S

B
= const × d2

γ ℒ1/2

S

B
= 2.71 (95 % CL)

∴ dγ
2 ∝ ℒ−1/2

Derivation
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Analysis
Cuts applied on the future experiments:


# of photons = 1


# of leptons = 0


 (removes on-shell  background) 


 where  is the maximum photon 

energy in individual event in SM

Eγ ∉ [Ezγ ± 5] Z + γ (Ezγ =
s − m2

Z

2 s )
Eγ > Eγ,max Eγ,max =

s
1 + sin θγ /sin θb

18

• Definition of visible particles:


• Visible photon: 


• Visible lepton: 

pT,γ > 20 GeV, |ηγ | < 2.5

pT,ℓ > 20 GeV, |ηℓ | < 2.5



Samiur R. Mir DPF-PHENO 2024

Dipole couplings and decay widths
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Analytic results for the signal
Analytic expression for cross-section 
σ(μ+μ− → νN)
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