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The	 existence	 of	 right	 handed	 neutrinos	 (or	 heavy	 neutral	
leptons,	 HNLs)	 is	 the	 most	 natural	 extension	 of	 the	 SM	 to	
account	for	the	measured	neutrino	masses	and	mixings.	Flavor	
eigenstates	will	now	have	a	heavy	component:

Experimentally	 accesible	 in	 lab	 experiments:	 peak	 searches,	
beam dumps,	colliders...

Feasible	solution	of	the	BAU	via	leptogenesis[1-3]

No	extra	Higgs	hierarchy	problem,	in	opposition	to	the	type-I	
seesaw	with	GUT	scale	neutrinos

Eur.Phys.J.C	81	(2021)	1,	78	[2007.03701]

Why the GeV scale?

DUNE Near Detector sensitivity

CONCLUSIONS

Heavy	neutrinos	 in	 the	GeV	range	are	a	simple	and	testable	solution	for	several	SM	problems.	
They	can	be	produced	and	decay	in	meson	interactions,	which	we	have	derived	and	implemented	
in	 FeynRules.	 As	 an	 application,	we	 have	 estimated	 the	 sensitivity	 of	 the	 DUNE	ND	 to	 heavy	
neutrinos,	finding	its	potential	to	probe	very	small	mixings	and	improve	most	current	bounds.	

In	the	minimal	scenario,	no	extra	interactions	are	added	to	the	
SM,	and	its	particle	content	is	only	enlarged	with	right-handed	
neutrinos.	 Their	 interactions	 will	 only	 be	 controlled	 by	 their	
masses	and	mixings	with	 light	states.	HNLs	may	 live	at	very	
different	energy	scales. [1]JHEP	08	(2016)	157	[1606.06719]		

[2]JHEP	01	(2019)	164	[1810.12463]		
[3]JHEP	07	(2019)	078	[1905.08814]
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At	low	energies,	meson	interactions	play	an	important	role	in	HNL	phenomenology.	We	compute	the	relevant	low-energy	
effective	operators,	integrating	out	the	weak	bosons	and	introducing	the	hadronic	matrix	elements.

FeynRules[6] 

implementation

✓Extended	 neutrino	 sector	 in	 a	 a	 3+1	
scenario:	one	extra	 state	and	enlarged	
mixing	matrix.

✓ Inclusion	 of	 mesons	 up	 to	 2	 GeV:
π, K, ρ, K*, η, η′ , ω, ϕ, D, Ds

✓HNLs	 involved	 in	 effective	 meson	
interactions	 as	 well	 as	 purely	 leptonic	
processes

Efficient event generation in MadGraph5[7]

*Very	similar	results	for	neutral	mesons
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Semileptonic meson decays
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Most bounds 
are improved!!!
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