
	
	
	
	

MIXED	SCALAR	DARK	MATTER	AND	DIRAC	NEUTRINO	MASSES	IN	AN	EXTENDED	B-L	MODEL	
,	Nimmala	Narendra1,		Subhasmita	Mishra2,	Prafulla	Kumar	Panda3,	Nirakar	Sahoo3	

1	Physical	Research	Laboratory,	Ahmedabad,	India	
2	School	of	Applied	Sciences,	Centurion	University	of	Technology,	Odisha,	India	

3Department	of	Physics,	Utkal	University,	Bhubaneswar,	India	
	

	
	

	
	
	

	
Ø  The	standard	model	is	augmented	by	an	extra	B-L	gauge	symmetry,	B	being	the	baryon	

number	and	L	is	the	lepton	number	of	the	parOcle.	
Ø  The	neutrinos	get	Dirac	mass	at	one	loop	level.	
Ø  The	dark	maQer	emerges	out	as	a	mixed	state	of	a	singlet	real	scalar	and	the	CP	even	

component	of	a	neutral	doublet	scalar,	aRer	the	spontaneous	break	down	of	the	
symmetry	of	the	model.	

	
	
	
	
	
	

Ø  AcOveNeutrinos	are	massless	at	the	tree	level.	

Ø  Two	of	the	neutrinos	get	Dirac	mass	at	one	loop		
												level	as	shown	in	the	figure.	
Ø  The	neutrino	mass	calculated	as	
	
	
	
	

Ø  For	a	typical	set	of	values	

	y=y’=0.0005,	MN=	1000	GeV,	sinα=0.01	
	Mζ1	=800	GeV,	Mζ2	=810	GeV	mν	=0.1	eV	
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ü  The	Z2	stabilized	lightest	field	ζ1		which	is	a	mixture	of	singlet	and	doublet	scalars,	serves	as	a	viable	dark	
maQer	candidate	of	the	universe.	

ü  The	relic	density	is	obtained	including	both	the	annihilaOon	processes	and	the	co-annihilaOon	
processes.	

ü  The	new	odd	sector	parOcles	η	and	N1,	N2	plays	an	important	role	in	relic	density	calculaOon	but	do	not	
affect	the	direct	detecOon	cross-secOon.	

	

4.Dark	MaQer	Phenomenology	

	

Ø  3	right	handed	neutrinos	νR	having	B-L	charge	-4,-4,5	are	added	as	required	for	anomaly	
cancellaOon.	Apart	from	these	two	vector	like	fermion	doublets	N1,	N2		are	also	added	in	
the	fermion	sector	of	the	model.	

Ø  In	the	scalar	sector	a	doublet	scalar	η,	one	complex	scalar	χ2	and	a	real	scalar	χ1	are	added.	
Ø  The	Yukawa	Lagrangian		including	the	new	interacOon	is	given	as	

	
Ø  The	χ1	field	and	the	neutral	component	of	η	mix	with	each	other	aRer	the	breaking	of	

symmetry.	

Ø  In	the	mass	basis	

Ø  And	the	mixing	angle	

Ø  An	extra	Z2	symmetry	is	imposed	to	make	the	dark	maQer	stable.	
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ζ1 = cosαχ1 + sinαη0
ζ2 = −sinαχ1 + cosαη0
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3.Neutrino	Mass	1.IntroducOon	

v  Neutrinos	are	massless	at	the	tree	level	due	to	the	non-trivial	B-L	charge	of	the	right	handed	
neutrinos.		They	get	small	Dirac	Masses	at	one	loop	level.	

v  Dark	maQer	relic	density	can	be	obtained	in	the	small	mixing	angle	limit.	
v  The	coannihilaOon	channels	play	an	important	role	when	the	mass	spligng	is	small	between	

the	dark	maQer	and	its	coannihilaOng	partner.	
v  The	direct	detecOon	constraint	is	well	saOsfied	by	the	model	parameters.			
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