
Dark	Connection	of	 𝝂

Shreyashi Chakdar
schakdar@holycross.edu

College of the Holy Cross, MA

with K.S. Babu and Vishnu P.K
Based on (JCAP 02 (2025) 010)

PPC 2026
UNSW, Sydney

mailto:schakdar@holycross.edu
https://doi.org/10.1088/1475-7516/2025/02/010
https://doi.org/10.1088/1475-7516/2025/02/010


The Dark connection of neutrinos?

Two main frameworks to connect neutrinos and DM in literature: 
 
(i) DM identified with one of new particles needed to give 𝜈	mass (Mass mechanism)

Table: Phenomenological implications of radiative SU(3)c x SU(2)Lx U(1)Y neutrino mass models

(ii) DM associated to symmetries of 𝜈	sector (Lepton symmetries) i.e the mixing patterns 
and/or lepton number 

2



Chiral Advantage: Mass protection 
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Anomaly cancellations

Dark matter

Minimality of Scalar sector

Neutrino mass



The Scotogenic model
Scotogenic Model = SM + 3 singlet Fermions (N1,2,3) + scalar doublet (𝜂) + dark Z2

                                                                                                                             [hep-ph/0601225]
                                                                                                                             

• Particles in loop odd under dark Z2 
• Majorana mass of N completes loop
• Mass splitting (𝜆!(𝜂"𝜙)2

	) makes loop finite
• Either 𝜂# or N are DM candidate
• The yukawas that enters into 𝑚$ also generates
LFV processes however the bounds only constrain
combination of yukawa coupling elements
cancelations possible      safe in this model
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Discrete symmetry is usually put in by hand in Scotogenic theories
Masses of RH neutrino has to be assumed to be at TeV scale

https://arxiv.org/abs/hep-ph/0601225
https://arxiv.org/abs/hep-ph/0601225
https://arxiv.org/abs/hep-ph/0601225
https://arxiv.org/abs/hep-ph/0601225


This Talk
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Min scalar sector:	U(1)!	broken by only one singlet scalar that 
generates masses for all dark fermions

Explore different DM phenomenology scenarios: 
Majorana/Dirac Fermion DM

Scalar DM (singlet-doublet mixture)

                   

• Propose class of chiral models with anomaly-free solutions to SM + 𝑈(1)! 

• Explore 𝑈(1)! hidden sector DM & 𝑚" generated through scotogenic 
mechanism

• Derive DM stability from gauge symmetry: unbroken residual symmetry of 
𝑈(1)!	 plays role of 𝑍#	in scotogenic model to forbid tree-level 𝑚"	and DM 
decay



Anomaly-free chiral fermion models
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12 Weyl fermion structure: anomaly free chiral 
U(1)% upon SSB, naturally cancelling Witten 
anomaly



Model Derivation: The Computational Filter
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Anomaly free chiral fermions
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Findings
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Benchmark model
Anomaly-free charge assignments (multiplicity ×	charge) 

                                                                                                      
       
                                                                                             

                                   

Solution A: 2 × {1} + 2 × {−4} + 1 × {2} + 1 × {3} + 1 × {−5} + 1 × {6}
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• Blue terms: Ψ & 	generate two 
massive Majorana fermions (𝑁&, 𝑁()

• Red terms: Ψ ( 	, Ψ )* 	generate
      Massive Dirac Fermions (ξ, ζ1, ζ2)
• Green target: Φ and 𝑆 interactions
      define the Scalar Portal



𝑚! generation

• Three scalar fields are needed to connect the loop diagrams	
• Lightest field in the loop could be DM

11

Since there are only two Majorana fermions circulating in the loops, only
two neutrinos will acquire masses at 1-loop →	lightest neutrino mass is

essentially massless (higher order loop corrections inducing a very tiny mass)

Representative Feynman diagrams for 1-loop 𝑚#	mass



The Blueprint of Solution A: Scalar Multiplets
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Scalar potential
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To generate 𝑚" non-zero mixing between Φ	 and S is needed → Scalar DM is 
singlet-doublet admixture 



Masses and mixings
• Scalar doublet H and 𝜂 mix and is defined by ℎ, ℎ+and mixing angle 𝜃 
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• For mixing between Re(𝜙#) and Re(S)  with mass eigen states 𝐻& and 𝐻(:
 

,

• For mixing between Im(𝜙#) and Im(S) with mass eigen states 𝐴& and 𝐴(: 

‘



All possible DM candidates in this scenario..
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Fermionic DM is less explored in Scotogenic scenarios!



Fermion DM pheno (gauge portal) 
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2𝑚,- <	𝑚.!,	.

• DM coupling with gauge boson 𝑍+ leads to dominant annihilation modes
• When 𝑚,- 	> 𝑚0! 	dominant annihilation channel is DM DM → 𝑍+	𝑍+	

          DD constraints are easily bypassed due to lack of vectorial coupling  



Fermion DM phenomenology (gauge portal) 

17

Fig: Parameter space in gauge coupling (𝑔$) vs. mDM plane 
with black points showing Ωℎ% = 0.12. Grey data points 
excluded from DM overabundance. Brown (pink)-region 
excluded by perturbativity bound on gauge (Yukawa) 
coupling. Corr Dirac DM plot is shown in R. 
R: Corr Direct Detection plot is shown. Since 𝜎 ∝	ϵ^2,  gauge 
kinetic mixing ϵ is small to satisfy DD constraints
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Fermionic DM pheno (Scalar portal)
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𝑚0+ ≪	𝑚,-

• Small gauge coupling, opening up the Higgs portal channels
• DM coupling with neutral scalars ℎ, ℎ+	lead to dominant annihilation modes

• S-channel annihilation modes are particularly important when 𝑚,- ~	𝑚./.!/2
• When 𝑚,- > 𝑚.,.+	DM pair annihilate into ℎ	ℎ, ℎ	ℎ+	, and ℎ+ ℎ+ 
• DM coupling with h is suppressed by 𝑠𝑖𝑛𝜃, dom annihilation channel DM DM → ℎ+	ℎ+	
• In this region DM is identified as secluded DM →	limits from DD are weak
• LFV safe! Yukawas entering LFV process distinct than Yukawas needed here to
    satisfy bounds applicable in fermionic DM sector



Fermionic DM pheno (Majorana)
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Fig R: Spin independent cross section vs. mDM 
consistent with DD constraints for Majorana DM

Fig L: Parameter space in Yukawa coupling (f) 
vs. mDM plane consistent with relic density 
constraint for Majorana DM

• Mixing angle sin θ > 0.04 is excluded from the LZ experiment for 𝑚.+= 100 GeV.



Low Mass Fermionic DM pheno
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Fig: Parameter space in Yukawa coupling (f, f ′′′) vs. scalar mass (mh’) with relic density constraints 
for Majorana (L) and Dirac (R) DM for low mass region (500 MeV). DM primarily annihilates into h′ 
h′, avoiding stringent CMB constraints, meson decay constraints are safe for sin 𝜃 ~	10&'



Scalar DM pheno
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Feynman diagrams that contribute to the annihilation of scalar DM

• To generate 𝑚" need mixing between scalar doublet 𝜙 and singlet scalar S
• Lightest neutral state among {𝐻%, 𝐻#, 𝐴%, 𝐴#}: choose 𝐻% to be DM
• A pair of scalar DM 𝐻% can annihilate through modes shown below



Scalar DM pheno
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Fig: Relic density of DM as a function of 𝑚,-  
red (blue)-colored data points are excluded 
(allowed) by constraints from Z-decay width 
measurements and yellow-shaded region indicates 
Planck relic density constraints

Fig: DM-nucleon spin independent cross 
section for sin α= 0.99. The green-shaded 
region denotes the excluded parameter 
space by LZ



DM Taxonomy
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Takeaways
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                                       Thank you


