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Also	at	this	conference:	more	NA62	results	by	Bob	Velghe		
on K+→ π+νν   preliminary observation at CERN	
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v  Heavy	Neutral	Leptons	(HNL)	searches	-	Theore7cal	mo7va7ons	

v  Kaon	physics	at	CERN:	the	NA48	&	NA62	experiments	

v Search	for	HNL	in	K+→	ℓ+N	(ℓ=e,µ)	decays	@	NA62	(2007	&	2015	data)	

		

v Search	for	LNV	and	HNL	decays	in		K±→	π µ		µ				decays	@	NA48/2	

	

v   Conclusions	

± 

Phys.Le7.	B769	(2017)	67-76	

Phys.Le7.	B772	(2017)	712-718	

Phys.Le7.	B778	(2018)		137-145	

New	 
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		Heavy	Neutral	Leptons	
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•  Observa%on	of	neutrino	oscilla%ons		
à	Neutrino	masses	need	to	be	accomodated	in	the	SM	

•  Heavy	Neutrinos	(HN):	the	neutrino	minimal	SM	(νMSM)		
à	adding	to	the	SM	3	right-handed	sterile	neutrinos	Ni			

v 		N1	is	the	lightest:		m1	~	O(	10	KeV/c2)				à		Dark	Ma]er	candidate	
v 		N2	and	N3	:	mass	~	O(MeV/c2	to	GeV/c2)	introduce	extra	CPV-phases	to	account	

for	Baryon	Asymmetry	of	the	Universe	(BAU)	and	produce	standard	neutrino	
masses	through	See-Saw	mechanism	with	a	Yukawa	coupling	of	~10-8	

Effec7ve	ver7ces	involving	Ni	,	W±/Z	bosons	and	SM	leptons	

Asaka-Shaposhnikov	-	PLB	620	(2005)	17	

The	model	explains	simultaneously:	
•  Neutrino	oscilla7ons	and	smallness	of	neutrino	masses	
•  Cosmic	Dark	Ma`er	(DM)	candidate	
•  BAU:	leptogenesis	due	to	Majorana	mass	term	

Ac7ve-sterile	neutrino	Ni	mixing	with	SM	
par7cles	is	described	by	the	U-matrix	

B(K+	à	ℓ+N)	=	B(K+	à	ℓ+νℓ)	x	ρℓ(mN)	x	|Uℓ4|2	
The	branching	frac7on	involving	the	HNL	mass	state		 

where	|Uℓ4|	are	elements	of	the	extended	neu-
trino	mixing	matrix	between	the	SM	flavour	and	
HNL	mass	state:	 
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		Heavy	Neutral	Leptons	
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•  HNL	can	be	produced	in	the	decay	of	beauty,	charm	and	strange	hadrons	and	by	photons	
originated	in	the	interac7on	of	protons	of	a	target.		

•  HNL	coupling	to	SM	par7cles	are	very	suppressed		à	produc7on	rates	of	10-10	or	less.	
•  Since	charm	and	beauty	cross	sec7ons	increase	with	the	energy,	a	high	intensity,	high	

energy	proton	beam	is	required	to	improve	over	the	current	results.		
•  HNL	are	expected	to	be	long-lived.		

The	decays	of	HNL	to	SM	par7cles	can	be	detected	by	experiments	with	long	
decay	volumes	followed	by	a	spectrometer	with	par7cle	id	capability.		
	
In	this	talk	I	present	searches	for	HNL	at	the	CERN	SPS		with	the	Kaon	experiments	
NA48/2	and	NA62.		

σ(pp	à	s	s-bar	X)/σ(pp	à	X)	~0.15	
σ(pp	à	c	c-bar	X)/σ(pp	à	X)	~2	10-3	
σ(pp	à	b	b-bar	X)/σ(pp	à	X)	~1.6	10-7		
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		HNL	searches	with	Kaons	
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•  If	mN<(mK-mℓ)	the	HNL	can	be	observed	in	kaon	decays.		

PRODUCTION:	search	for	peaks	in	mN
2	=	mmiss

2	=	(pK	–	pℓ)2	
          	BR(K+	à	ℓ+N)	=		BR(K+	à	ℓ+νℓ)	x	ρℓ(mN)	x	|Uℓ4|2	
				

																				BR(K+	à	ℓ+N)		
												|Uℓ4|2	=																														BR(K+	à	ℓ+νℓ)	x	ρℓ(mN)		
	
DECAY:	HNL	decay	only	into	SM	par=cles	Γ(N	à	SM	part)	~ |Uℓ4|2x	mN

3		

•	If	mN	<	500	MeV/c2	the	main	decays	are:	
			N	à	π0 ν,  N	à	π± ℓ   (ℓ = e, µ),  N à ννν
•	Assuming	|Uℓ4|2	<	10-4	

–	mean	free	path	of	K+	à	μ+N	and	K+	à	e+N		>	10	Km	in	NA62	
–	analysis	possible	in	dump	mode	

± 

R.	Shrock,	PLB	96	(1980)	159	

Complementary	searches	in	NA48/2	(2003	data),	NA62-RK	(2007	data)	and	NA62	(2015	data)	

NA48/2:	HNL	produc7on	+	decay	
•	Model	dependent	(HNL	decay	modes	and	life7me)	
•	Sensi7ve	to	short-lived	(unstable)	HNL	
•	Sensi7ve	to	the	Majorana/Dirac	nature	of	HNL		
		(|ΔL|=2	transi7ons)	
•	Search	done	on	a	sample	of	3-track	vertex	events			
		(LNC	&	LNV):	K±→	μ±	N		and		N	→	μπ

NA62:	HNL	produc7on	only	
• Independent	of	HNL	decay	modes	
•	Sensi7ve	to	long-lived	(or	stable)	HNLs	
•	Seeking	peaks	in	the	missing	mass	
		mmiss	=	√(pK-pℓ+)2	spectrum	(ℓ+	=	e+,	μ+)	
•	Search	done	on	samples	of	minimum	bias	trigger			
		events:		K+	→	μ+	N	(2007);		K+	→	e+	N,	μ+	N	(2015)	
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  NA48	and	NA62	experiments	at	CERN		
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NA48	:		KL	+	KS	
Search	for	direct	CPV	:	
Measurement	of	ε’/ε
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NA48/2	:	K+	+	K-	
Search	for	direct	CPV	:	
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RK	=	Γ(K±e2)	/	Γ(K±μ2)	
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NA62	:	K+			
Measurement	of	the	
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Direct CP Viol. NA48 result:   
ε’/ε = ( 14.7 ± 2.2 ) 10-4 

A fixed target 
experiment at  
the CERN SPS 
dedicated to 
the study of  
CP violation 
and   
rare decays  
in the kaon 
sector….   

CP 



 Miami08 - 21.dec.2008 
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  NA48/2	&	NA62-RK	layout	
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• 	Simultaneous,	unseparated,	focused	
charged	hadron	beam;		K~	6%	
• 	Kaon	decays	in	the	vacuum	tank:	22%	
• 	Flux	ra%o:	K+/K-	~	1.8		
• 	Similar	acceptance	for	K+	and	K-	decays	
•	pK	=	(60	±	3.0)	GeV/c									(NA48/2)	
•	pK	=	(74		±	1.4)	GeV/c								(NA62-RK)	

Decay	region,	in	vacuum:	114	m		

	
  Liquid	Krypton	em	calorimeter	(LKr)	

σE/E	=	(3.2/√E	⊕	9.0/E	⊕	0.42)%			(E	in	GeV/)	

σx	=	σy	=	4.2/E½	⊕	0.6	mm				(E	in	GeV/)	
  Magne%c	spectrometer	(4	DCHs	+	dipole	magnet)	

σp/p	=	(1.0	⊕	0.044	p)%			(p	in	GeV/c)	 		NA48/2	
σp/p	=	(0.48	⊕	0.009	p)%			(p	in	GeV/c)			NA62-RK	
  Charged	scin%llator	Hodoscope					σt	=	150	ps	
Muon	counter	
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Primary	beam:	CERN	SPS	protons	
• 	3×1012	ppp,	3.4	s	effec7ve	spill	
• 	750	MHz		@GTK	
• 	400	GeV/c	(x3	NA48/2)	
Secondary	beam:		
• 	unseparated	posi7ve	beam	π/K/p		
• 	K+	~	6%,	pK	=	75	GeV/c	(Δp/p	~	1.1%)	
• 	K+	decays/year	=	4.5×1012	(×45	NA48/2)	
• 	integrated	average	rate		
• 	average	K	decay	rate	≈	10	MHz	

Goal:	measurement	of	BR(K+→	π+ ν ν)	@	10%	
accuracy		
Decay	region	
è Fiducial	decay	region	60	m	
è Vacumm	10-6	mbar	
è K+	decay	rate	~5MHz	
Main	detectors:	
•  Tracking:	beam	Si	pixel	tracker	(GTK);	Straw	

chambers	in	vacuum	for	decay	products	
•  PID:	beam	Cherenkov	for	K+	(KTAG);		RICH	+	

MUVs	for	π/µ/e		
•  Herme%c	veto:	calorimeters	for	γ/µ 

		The	NA62	layout	(*)	
(*)	NA62	talk	by	Bob	Velghe	on K+→ π+νν   preliminary observation at CERN	



«  	Heavy	Neutral	Leptons	search	@	NA62	
							(from	2007	and	2015	data	samples)		

Phys.Le7.	B772	(2017)	712-71	

Phys.Le7.	B778	(2018)		137-14	



		The	NA62	single	muon	sample	
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Only	K+	beam	data	(43%	of	NA62-2007	sample)	à	higher	muon	halo	rejec7on	

Event	selec%on	
•  	One	well	reconstructed	µ+	track	
•  	No	extra	clusters	in	LKr	with	E	>	2	GeV		
•  	Five-dimensional	(zvertex,	θ,	p,	CDA,	ϕ)	
								kinema7c	suppression	of	muon	halo	
Data	driven	study	of:	

•  	Halo	background	
•  	Spectrometer	resolu7on	tails	
•  	Trigger	and	µ-ID	efficiencies	

HNL	detailed	MC	simula%on	for:	
•  	Acceptance	vs	HNL	mass:	A(mN4)	
•  	mmiss	peak	resolu7on	vs	HNL	mass:	σ(mN4)	
•  MC		samples	generated	at	1	MeV/c2	mass	intervals	

Kaon	decays	in	the	fiducial	volume	
• 	NK	~		6	×	107	(from	reconstructed	K+	→	µ+ν)	
(downscaling	D=150	for	the	1-track	µ	trigger)	 è	No	HNL	decay	in	the	detector	

	K+→μ+N	:		Search	for	peaks	in		mmiss=	√(pK-pµ)2	

		Signal	region	:		mmiss(µ+)	in	range	[300	–	375]	MeV/c2	



		HNL:	search	for	K+	→	µ+N4	
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Uncertainty on N(exp) 

Uncertainty	on	expected	background:	
•  Muon	halo	background	5÷20%	
•  Sta7s7cal	uncertainty	on	muon	halo	background	

dominates	for	HNL	masses	>	300	MeV/c2	
•  Kaon	decays	<1%	(mainly	Kµ3)	

Upper	Limit	on		K+→µ+N4			signal	events		
•  1	MeV/c2	mass	steps	
•  	Mass	window	size	:	±(σHN	=	12	MeV/c2	–	0.03	×	mHN)	
•  	Rolke-Lopez	method	to	get	UL(Nsig)	

No	HNL	signal	above	3σ	observed	

Upper Limits on Signal Events 

UL(Nsig)	
90%	CL	



		HNL:	NA62	results	-	(2007	data	sample)	
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From Nsig to BR: From BR to |Uµ4|2 : 
	 	 	 		 											UL(Nsig)				BRUL(K+	→	µ+N4)		=				 	 	 	 																									NK	×	Acceptance	

																									1 										BR(K+	→	µ+N4)	   |Uµ4|2																				×			 	 								
   																	f(mHN)														BR(K+	→	µ+νµ)	

|Uµ4|2UL 
90%	CL	

BRUL(K+ → µ+Ν4)
90%	CL		

Phase	Space	+	helicity	suppression	

Phys.LeS.	B	772	(2017)	712-718	



		NA62	-	Search	for	HNL	produc7on	
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		Event	selec%on	for		
K+	→	e+N		and	K+	→	µ+N	
-	one	posi7ve	charged	track	
-	positrons	and	muons	
iden7fied	by	the	E/p	ra7o	+	
MUV	info	and	RICH	up	to	40	GeV	
-	one	single	electron	clusters	
in	the	LKr	calorimeter	
-	no	photons	in	the	photon-
veto	detector	
HNL	detailed	MC	for:	
-		Acceptance	vs	HNL	mass:	
A(mN4)	
-		mmiss	peak	resolu7on	vs	
HNL	mass:	σ(mN4)	

		Search	for	peaks	in		mmiss=	√(pK-pℓ+)2	
		Signal	region	:		mmiss	in	range	[170	–	448]	and	[250-373]	MeV/c2	

e+	selec%on	 µ+	selec%on	

•  In	2015	NA62	collected		5	days	of	Min	Bias	data	at	1%	of	nominal	beam	intensity	
•  No	beam	tracker:	pK	given	by	beam	average	
•  Analysis	of	data	shows:	~24M	K+	→	µ+νµ (1767	K+	→	e+νe	)	decays	with	a	back-

ground	level	100	7mes	lower	wrt	NA62-2007	à	Can	set	world	most	stringent	limits	
on	heavy	neutrino	produc7on		



		NA62	-	Search	for	HNL	produc7on	
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Upper	limit	on		signal	events		
•  1	MeV/c2	mass	scan	steps	
•  search	window	size	for	each	mass	

hypothesis:	±1.5	σ(mN)		
•  Rolke-Lopez	method	to	get	UL(Nsig)		

BSES(K+	à		ℓ+N)	=	1/[NK	x	A(K+	à	ℓ+	N)]	
	
|Uℓ4 |2SES	=	BSES	(K+àℓ+N)	/[B(K+àℓ+ν)	x		ρℓ (mN)]	

No	HNL	signal	observed	
above	3σ	significance	

K+	→	e+N	 

K+	→	µ+N	

For	each	mN	hypothesis:	
•  numbers	of	expected	(Nexp)	and	

observed	(Nobs)	events,	together	
with	the	uncertainty	on	Nexp	
(δNexp,	as	shown	by	the	blue	
band)	

•  	obtained	expected	and	observed	
upper	limits	at	90%	CL	on	the	
numbers	of		K+→ℓ+N	events	

e+	selec%on	 µ+	selec%on	



	Current	results	on	HNL	searches:	|Uℓ4|2	

	

K+	→	µ+N	 		NA62	(2007)	data	
About	60	billion	K+	decays	
Improved	limits	in	300	≤	mN	≤	375	MeV/c2	
	
	

K+	→	e+N			 		NA62	(2015)	data	
About	300	billion	K+	decays	
New	limits	O(10-6÷-7)	in	170	≤	mN	≤	448	MeV/c2	
 
 
K+	→	µ+N	 		NA62	(2015)	data	
About	100	billion	K+	decays	
New	limits	O(10-6÷-7)	in	250	≤	mN	≤	373	MeV/c2	
	

NA62-2015 

Prospects	à	NA62-2016	data:	K+	→	e+N	analysis	quite	advanced,	improvements	due	to	
higher	beam	intensity,	commissioned	beam	tracker	à	higher	sensi7vity	à|Ue4	|2	limit	
expected	to	decrease	by	1-2	order	of	magnitude.	

Latest	results	on	limits	from		
produc%on	searches	

Phys.Le7.	B772	(2017)	712-718	

Phys.Le7.	B778	(2018)		137-145	

Phys.Le7.	B778	(2018)		137-145	

|Uℓ4 |2	=	BR(K+	à		ℓ+N)	/[BR(K+	à		ℓ+ν)	X		ρℓ (mN)]	
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«  	Search	for	LNV	and	resonances	in		
	K±	à	π µ µ  decays	@	NA48/2		

Phys.Le7.	B769	(2017)	67-76	

Two	different	samples:	
• 	same-sign	muons	sample	LNV	decay	
• 	opposite	sign	muons	sample	LNC	decay	



		LNV:	NA48/2	same-sign	muon	sample	
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Kaon	decays	in	the	fiducial	volume	
NK	~		2	×	1011	(from	reconstructed	K±	→	π±π+π-)

	Blind	analysis:	
• 	Selec7on	based	on	MC	simula7on	of	K±	→	π∓µ±µ±   

					and	K± → π±π+π-  

•  Addi7onal	K±	→	π±π+π- MC	sample	for	back-	
			ground	es7ma7on		
• 	Control	region	M(π∓µ±µ±) <	480	MeV/c2		
	Event	selec%on:	
• 	One	well	reconstructed	3-track	vertex	
• 	2	same-sign	muons,	1odd	sign	pion	
• 	Total	Pt	consistent	with	zero	
• 	Signal	region	|M(π∓µ±µ±)	-	Mk|	<	5	MeV/c2	

v  Events	in	Signal	Region	observed	a�er	K±	→	π∓µ±µ±		selec7on:	 	Nobs	=	1		
v  Expected	background	(from	MC):	 	 	 	 	Nexp	=	1.160	±	0.865		
v  Rolke-Lopez	method	to	get	UL(Nsignal)		
         

                  					world	best	limit      	BR(K±	→	π∓µ±µ±	)	<	8.6	×	10-11	@	90%	CL	

M(π∓µ±µ±) Search	for	K±	→	π∓µ±µ±	à|ΔL|=2	transi%ons	
mediated	by	Majorana	neutrino	exchange	



		LNC:	NA48/2	opposite-sign	µ	sample	
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	Event	selec%on:	
• 	Similar	to	same-sign	muon	sample	
• 	One	well	reconstructed	3-track	vertex	
• 	2	opposite-sign	muons,	1same-sign	pion	
• 	Total	Pt	consistent	with	zero	
• 	Signal	region	|M(π±µ+µ-)	-	Mk|	<	8	MeV/c2	

v  3489	K±	→	π±µ+µ-		candidates	in	Signal	Region		

v  K±	→ π±π+π-		Background:	(0.32	±	0.09)% 		

M(π±µ+µ-) 

M(π±µ∓) 

Improved	selec7on	
wrt	previous	NA48/2	
K±→π±µ+µ-	analysis	
[PLB	697(2011)107]	

Search for 2-body resonances in 
the M(π±µ∓) invariant mass 



               																																								UL(Nsig	)		UL(BR(K±→µ±N4)	BR(N4→π∓µ±))  =  
    Νκ⋅ Acceptance 

		HN	resonance	search	in	LNV	sample	
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Same-sign	µ	sample:	search	for	K±	→ µ±N4	(N4→π∓µ±) 
UL(Nsig	)		

Sta7s7cal	significance	never	exceed	3σ:	
																		no	signal	observed	

												Nobs	-		Nexp		z	=	
   		σ(Nobs)	⊕	σ(Nexp)	



		HN	resonance	search	in	LNC	sample	
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UL(Nsig	)		                                                                  UL(Nsig	)		UL(BR(K±→µ±N4)	BR(N4→π±µ∓))	=
                                        NK×	Acceptance	

Sta7s7cal	significance	
never	exceed	3σ:	
																		no	signal	observed	

												Nobs	-		Nexp		z	=	
   		σ(Nobs)	⊕	σ(Nexp)	

z		

Opposite-sign	µ	sample:	search	for	K±	→	µ±N4	(N4→π±µ∓)	
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		Summary	&	Future	

21 

NA48/2		and	NA62	are	Kaon	experiments	at	CERN	with	a	broad	physics	program	that	
includes	studies	of	the	neutrino	sector.	
v 	NA48/2:	HNL	Produc%on	+	Decay							 	 									Phys.LeS.B	769	(2017)	67-76		
è 	Search	for	LNV	K±	→	π∓µ±µ±	decay	:	

•  	BR(K±	→	π∓µ±µ±	)	<	8.6	×	10-11	@	90%	CL						(World	Best	Limit)	
•  	Factor	10	improvement	wrt	previous	best	limit	(1.1	×	10-9	@	90%	CL	)	

è 	Search	for	K±	→	µ±N4	(N4	→	π±µ∓)	(LNC	Heavy	neutrino)	
•  	Limits	on	BR	products	of	the	order	of	10-9	for	HNL	life7mes	<	100	ps	

è 	Search	for	K±	→	µ±N4	(N4	→	π∓µ±)	(LNV	Majorana	neutrino)	
•  	Limits	on	BR	products	of	the	order	of	10-10	for	HNL	life7mes	<	100	ps	

v  NA62-2007:	HNL	Produc%on	in	K+	→	µ+N4	decays										Phys.LeS.	B772	(2017)	712-718	
è 	Limits	on	BR(K+	→	µ+N4)	~	10-5		
è 	Limits	on	|Uμ4|2	~	10-5	for	mHN	>	300	MeV/c2	
v  NA62-2015:	HNL	Produc%on	in	K+	→	ℓ+N4	(ℓ=e,µ)											Phys.LeS.	B778	(2018)	137-145	
è Limits	on	|Uℓ4|2	~	10-7÷-6	for	mHN	[170÷448]	and	[250÷	373]	MeV/c2	respec%vely	 

v NA62	perspec%ves:	2016-2018	data	set:	K+àℓ+N	event	yield	expected	to	be	larger	
with		improved	mass	resolu7on	and	much	lower	bkg					

àalso		improved	results	from		K+	→	πℓℓ		expected	in	the	coming	years	



		SPARES			
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	NA62	data	sample	
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		The	NA62	detector	(*see	next	talk)	
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Primary	beam:	CERN	SPS	protons	
• 	3×1012	ppp,		
• 	400	GeV/c	(x3	NA48/2)	
	
Secondary	beam:		
• 	unseparated	posi7ve	beam	π/K/p		
• 	K+	~	6%,	pK	=	75	GeV/c	(Δp/p	~	1.1%)	
• 	K+	decays/year	=	4.5×1012	(×45	NA48/2)	
• 	integrated	average	rate	=	750	MHz	
• 	average	K	decay	rate	≈	10	MHz	

Goal:	measurement	of	BR(K+→	π+ ν ν)	@	10%	
accuracy		
è O(20)	SM	events/year	
è 2014:	detector	commissioning		
è 2015:	Trigger	and	high	intensity	beam	line	

commissioning,	detector	quality	studies	

è 2016:	High	level	trigger	and	full	beam	tracker	
commissioning,	physics	analysis	(ongoing)	

è Data	samples	
• 	2015:	Low	intensity	beam,	minimum	bias	trigger	
• 	2016-2018:	Stable	condi7ons	up	to	40%	of	
nominal	intensity	



	The	NA62	single	muon	sample	
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Only	K+	beam	data	(43%	of	NA62-2007	sample)	à	higher	muon	halo	rejec7on	

Event	selec%on	
•  	One	well	reconstructed	µ+	track	
•  No	extra	clusters	in	LKr	with	E	>	2	GeV		
•  	Five-dimensional	(zvertex,	θ,	p,	CDA,	ϕ)	
								kinema7c	suppression	of	muon	halo	
Data	driven	study	of:	

•  	Halo	background	
•  	Spectrometer	resolu7on	tails	
•  	Trigger	and	µ-ID	efficiencies	

HNL	detailed	MC	simula%on	for:	
•  	Acceptance	vs	HN	mass:	A(mN4)	
•  	mmiss	peak	resolu7on	vs	HN	mass:	σ(mN4)	
•  	1	MeV/c2	mass	intervals	

Kaon	decays	in	the	fiducial	volume	
• 	NK	~		6	×	107	(from	reconstructed	K+	→	µ+ν)	
(downscaling	D=150	for	the	1-track	µ	trigger)	

		Search	for	peaks	in		mmiss=	√(pK-pµ)2	

		Signal	region	:		mmiss(µ+)	in	range	[300	–	375]	MeV/c2	

•  Strong	limit	exists	below	
•  	No	acceptance	above	



	Limits	on	HNL	Branching	Frac7on	
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                  1         BR(K+ → µ+Ν4)   |Uµ4|2=                 ⋅
               f(mHN)          BR(K+ → µ+νµ) 

	HN:	results	comparison	
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• 		
		NA62-2007	result	extends	the	mass	
range	for	UL	on	|Uµ4|2	in	HN	
produc%on	search	experiments	
	
• 	Most	stringent	limit	on	HN	produc%on	
in	the	mass	region	300	<	mHN	<	375	
MeV/c2	

|Uµ4|2UL 

Comparison	to	exis%ng	peak	search	measurements	

Phys.Le7.	B772	(2017)	712-718	

f(mh)	accounts	for	the	phase	space	factor	and	the	
helicity	suppression,	and	varies	in	the	range	1.5–
4.0	for	mHN	in	the	region	300–375MeV/c2	consid-
ered	in	the	present	analysis.	
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BSES(K+	à		ℓ+N)	=	1/[NK	x	A(K+	à	ℓ+	N)]	
	
|Uℓ4 |2SES	=	BSES	(K+àℓ+N)	/[B(K+àℓ+ν)	
x		ρℓ (mN)]	

	NA62	-	Search	for	HNL	produc7on	



	Limit	se�ng	procedure	
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	Limits	on	number	of	HNL	decays	
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	Search	for	resonances:	Acceptance	
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			Search	for	K±	à	π±X	(Xà	µ+µ-)	decay		
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Same	sign	µ	sample	(LNV)	 Opposite-sign	µ	sample	(LNC)	

UL	on	|Uµ4	|2		

90%	CL	

		NA48/2	Constraints	on	|Uµ4|2	

From	UL	on	BR	to	UL	on	|Uµ4|2	:	
	
	
	

v  NA48/2	limits	on	|Uµ4	|2	only	applies	to	short	lived	HN	(τ <	100	ps)			

UL	on	|Uµ4	|2		

90%	CL	



	Limits	on	|Uµ4|2	
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	Limit	
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	Limit	
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•  Possible	running	in	dump-mode	a�er	LS2	to	colllect	1018	PoT		(80	
days	@	full	intensity)	to	search	for	hidden	par7cles	from	charm/
beauty	decays	


