
STERILE NEUTRINO @ NA62

Letizia Peruzzo
(Johannes Gutenberg University Mainz, Germany)
on behalf of NA48 and NA62 Collaborations

Workshop on Flavour and Dark Matter
25-28 September 2017

Heidelberg



Sterile neutrino searches
Ø  Evident observations -> non-zero 𝝂 mass & 𝝂 oscillation



Ø  Various extensions to SM to accommodate massive sterile neutrino (HNLs)



Ø  Neutrino Minimal Standard Model (𝝂MSM)   
 

 [T. Asaka and M. Shaposhnik Phys .Lett B620 (2005) 17] 
 


 - 18 new parameters in the Lagrangian 


 - Dark Matter and Baryon Asymmetry of the Universe 


 - neutrino oscillation
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Sterile neutrino searches
Ø  Evident observations -> non-zero 𝝂 mass & 𝝂 oscillation



Ø  Various extensions to SM to accommodate massive sterile neutrino (HNLs)



Ø  Neutrino Minimal Standard Model (𝝂MSM)   

 [T. Asaka and M. Shaposhnik Phys .Lett B620 (2005) 17] 




3 right-handed massive neutrino Ni added to SM

 
 
N1 mass O(10 KeV) : Dark Matter candidate

 
 
N2,3 mass O(100 MeV) : mass to SM neutrinos via see-saw mechanism



Ø  Active sterile neutrino mixing : U-matrix
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Possibility to study 

in Kaon decays




HNLs in Kaon decays
Ø  HNL production if mN < mK : K → lN , K → 𝝅olN  (l = 𝝁,e)
olN  (l = 𝝁,e)
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𝛒𝝁(mN)


𝛒e(mN) ．RK



RK ≈ 2.5 x 10-5


[R. Shrock PLB96 (1980) 159] 

Kinematic enhancement factor


Flavour and Dark Matter, Heidelberg September 2017




HNLs in Kaon decays
Ø  HNL production if mN < mK : K → lN , K → 𝝅olN  (l = 𝝁,e)
olN  (l = 𝝁,e)




Mixing matrix element: 

lepton – HNL coupling
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𝛒e(mN) ．RK



RK ≈ 2.5 x 10-5


𝛒𝝁(mN)


[R. Shrock PLB96 (1980) 159] 



HNLs in Kaon decays
Ø  Heavy Neutrino production in Kaon decay (mN < mK) : K → lN , K → 𝝅olN
olN









Ø  Heavy Neutrino decay in SM particles:



N → 𝝅o𝝂 , N → 𝝅𝝁 ,  N → 𝝅e- , N → 𝝂𝝂𝝂  

(dominant decays for mN < 500 MeV/c)


		

Production + Decay

✧ model dependent (mass and lifetime)

✧ sensitive to short-living (unstable) HNLs

✧ sensitive to Majorana/Dirac nature 


Production

✧ independent of HNLs decay modes

✧ sensitive to long-living (stable) 


HNLs


7


		

Ø  Two complementary strategies:
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NA62 

2014 pilot run


2015 commissioning run

2016- K+ →𝝅+𝝂𝝂


K+ beam 


Kaon decay in flight experiment




NA62: currently ∼200 participants, 29 
institutions from 13 countries


Kaon experiment @ CERN

NA48/2  2003-2004

K+/K- beam 


NA62-RK 2007-2008

(NA48/2 detector) 


K±
e2/K±

𝝁2

K+/K- beam


NA48 1997-2001

direct CP violation 


KL/KS beam


NA48/1 2002 

KS/hyperons
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NA48 1997-2001

direct CP violation 


KL/KS beam


K±→𝝁N
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K+→𝝁+N 


Kaon decay in flight experiment




NA62: currently ∼200 participants, 29 
institutions from 13 countries


NA48/1 2002 

KS/hyperons
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K+→e+N


This talk

3 different HNLs 

searches






Ø  NA48/2 : Heavy Neutrino production + decay in K±→𝝅𝝁𝝁 decays





Ø  NA62 2007 : Heavy Neutrino production in K+→𝝁+N decays 

 



Ø  NA62 2015 : Heavy Neutrino production in K+→e+N decays
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NA48/2 and NA62-RK apparatusNA48 Detector and Beam 

Gia	Khoriauli		-		Measurement	of	Κ±	->	μ±νe+e-	with	NA48/2	at	CERN			-		KAON2016	16.09.2016	 3	



MAIN SUBDETECTORS :

Ø  Magnetic spectrometer


4 Drift Chambers (DCHs)

(NA48/2) 𝛔p/p = (1.02⨁0.044p)% [p in GeV]

(NA62-RK) 𝛔p/p = (0.48⨁0.009p)% [p in GeV]




Ø  Charged Hodoscope (HOD)


fast trigger for charged particles

time resolution  𝛔t∼200 ps




Ø  Electromagnetic calorimeter (LKr)


liquid krypton with high granularity

27 radiation lengths 
 
 
 



𝛔E/E = 0.94% @ 20 GeV



Ø  Muon veto (MUV)
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MAIN PHYSICS INTEREST:

NA48/2: 


study of K decays



NA62-RK: 


RK = 𝜞(K→e𝝂)/𝜞(K→𝝁𝝂)

[Phys. Lett. B719 (2013) 326] 

BEAM :

Ø  400 GeV/c protons from the SPS

Ø  secondary simultaneous K± beams

Ø  pK=60 GeV/c (NA48/2) & pK=74 GeV (NA62-RK)
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NA48/2 HNLs search
Ø  Look to in K±→𝝅𝝁𝝁 decays  -> HNLs production + decays



Ø  Two different sample



K±→𝝅∓𝝁±𝝁± same-sign muon sample LNV decay


K±→𝝅±𝝁+𝝁- opposite-sign muon sample LNC decay


Ø  Selection:

 ✧ one well reconstructed 3-track vertex

 ✧ 2 same/opposite sign muon + 1 pion

 ✧ total pt consistent with zero

 ✧ signal region |M(𝝅∓𝝁±𝝁±) – MK| < 5 MeV/c2 (LNV)  / 8 MeV/c2 (LNC) 



Ø  NK∼2 x 1011 kaon decays in fiducial region from reconstructed K±→𝝅±𝝅-𝝅+
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NA48/2 HNLs search
Ø  Selected events:
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 K±→𝝅∓𝝁±𝝁± 

same-sign muon sample 	

K±→𝝅±𝝁+𝝁- 

opposite-sign muon sample
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 K±→𝝅∓𝝁±𝝁± 

same-sign muon sample 	

Ø  Number of signal event Nobs. = 1



Ø  Expected background



(from MC simulation)

 Nexp.= 1.163±0.867stat±0.021ext±0.116syst






Ø  Rolke-Lopez statistical treatment to 

get UL(Nsignal)


(World best limit)


NA48/2 HNLs search
Ø  Selected events:
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NA48/2 HNLs search
Ø  Selected events:
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K±→𝝅±𝝁+𝝁- 

opposite-sign muon sample

	Ø  3489 selected K±→𝝅±𝝁+𝝁-


Ø  K±→𝝅±𝝅-𝝅+ background (0.32±0.09)%




NA48/2 HNLs search
Ø  Selected events:
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K±→𝝅±𝝁+𝝁- 

opposite-sign muon sample

	Ø  3489 selected K±→𝝅±𝝁+𝝁-


Ø  K±→𝝅±𝝅-𝝅+ background (0.32±0.09)%


Ø  Scan M(𝝅±𝝁∓) to search for HNLs



Ø  Rolke-Lopez statistical treatment to set UL




NA48/2 HNLs search
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Same-sign muon sample


Opposite-sign muon sample


Acceptance	∼	1/𝝉	for	𝝉	>	1	ns	

Acceptance	∼	1/𝝉	for	𝝉	>	1	ns	

No signal observed 

with > 3𝞂 significance 
Flavour and Dark Matter, Heidelberg September 2017






Ø  NA48/2 : Heavy Neutrino production + decay in K±→𝝅𝝁𝝁 decays





Ø  NA62 2007 : Heavy Neutrino production in K+→𝝁+N decays 

 



Ø  NA62 2015 : Heavy Neutrino production in K+→e+N decays
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NA62-RK HNLs search
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Ø  Peak search in K+→𝝁+N looking to Mmiss. = (PK – P𝝁)1/2



Ø  Signal region Mmiss. ∊ (300-375) MeV/c2




Ø  Only K+ data (43% NA62-RK) higher muon halo rejection wrt K-




Ø  Dedicated HNL MC simulation with mass [240-380] MeV/c2 for acceptance and 

Mmiss. resolution	
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NA62-RK HNLs search
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Ø  Selection:

✧ one positive track with momentum [10-65] GeV/c 


✧ muon identification 

✧ no photons associated to the track

✧ 5 dimensional cut (zvertex,cda,ptrack,𝜗,𝜑) against muon halo



Kaon decays in fiducial volume NK ∼ 6 x 107 (from reconstructed K+→𝝁+𝝂 decays)
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NA62-RK HNLs search
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Ø  Background:


✧ MC simulation for K decay


✧ Data driven method for muon halo (K- beam)
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NA62-RK HNLs search
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Ø  Peak scan [300-375] MeV/c2


Ø  Mass step 1 MeV and mass window 1𝞂Mmiss.
Mmiss.

Ø  Rolke-Lopez statistic

Ø  No signal observed with > 3𝞂 significance 
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NA62-RK HNLs search
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Ø  Constrain on |U𝝁4|2
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Ø  NA48/2 : Heavy Neutrino production + decay in K±→𝝅𝝁𝝁 decays





Ø  NA62 2007 : Heavy Neutrino production in K+→𝝁+N decays 

 



Ø  NA62 2015 : Heavy Neutrino production in K+→e+N decays
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		Fiducial volume: [105-165] m, placed 
in vacuum, 4.5x1012 Kaon decay/year


NA62 apparatus

Primary beam from SPS:

²  400 GeV/c protons

Secondary hadronic beam:

²  un-separated K+(6%)/p(23%)/𝝅+(70%)

²  75 GeV/c (± 1%)

²  750 MHz


		

Upstream detectors

²  Kaon tagging KTAG: 

²  Beam tracker GTK

²  Beam guard Ring CHANTI


		 Downstream detectors

²  Tracking 4 STRAW chambers 

²  Timing and trigger Hodoscope

²  Particle ID: RICH + HAC

²  Muon veto

²  Photon Veto system


Physics Goal:

²  K+ →𝝅+𝝂𝝂 

Physics program:

²  Rare & forbidden K decays (LNV,LFV)

²  Heavy neutral lepton

²  Dark sector
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NA62 2015 HNLs search
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Ø  Peak search in K+→e+N looking to Mmiss. = (PK – Pe)1/2



Ø  Signal region Mmiss. ∊ (170-448) MeV/c2




Ø  Minimum bias data @ 1% nominal intensity

Ø  No beam tracker -> average momentum using K+→𝝅+𝝅+𝝅-


Ø  NK ∼ 3 x 108 in fiducial volume


Ø  Dedicated Heavy Neutrino MC simulation to evaluate acceptance and Mmiss. 
resolution
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Acceptance
 Mass 
resolution




NA62 2015 HNLs search
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Ø  Selection

✧ one positive track with momentum 


[5-70] GeV/

✧ electron ID: 0.9 < E/p < 1.15 + RICH

✧ photon and muon veto applied



Ø  SM signal region |M2

miss.| < 0.014 GeV2

Ø  HNL signal region 170 < Mmiss. < 448 MeV


Ø  Peak scan with step 1 MeV and window 
±1.5𝞂m


Ø  Background estimation from polynomial 
fit to data Mmiss. spectrum outside signal 
window [100-460] MeV (5 MeV step)


Ø  Background statistical error estimated 
with dedicated MC simulation
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NA62 2015 HNLs search
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Ø  The Rolke-Lopez method was used to estimate upper limits on the number of 
signal events, branching ratios, and Ue4 


Ø  Uncertainty on Nexpected due to limited size of data sample

Ø  No signal observed with > 3𝞂 significance 
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World limit on |Ul4|2 
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K+→𝝁+N  

NA62-RK set limits in a new mass 
range 300 < mN < 375 MeV/c2 at 
the 10-5 level






K+→e+N

NA62-2015 improved previous 
limit reaching 10-6 - 10-7 in the 
range 170 < mN < 448 MeV/c2 
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Conclusion

30


NA48/2 [ PLB769 (2017) 67 ] 
Ø  LNV K±→𝝅∓𝝁±𝝁± decay 

Ø  Search for K±→𝝁±N(N→𝝅∓𝝁±) decays (Majorana neutrinos)



Limits on BR products of the order 10-10 for neutrino lifetimes < 100 ps

Ø  Search for K±→𝝁±N(N→𝝅±𝝁∓) decays (LNC heavy neutrinos)



Limits on BR products of the order 10-9 for neutrino lifetimes < 100 ps  



NA62-RK [ PLB772 (2017) 712 ] 
Ø  Search for K+→𝝁+N decays (production)



Limits on BR(K+→𝝁+N) ∼ 10-5, limits on |U𝝁4|2 ∼ 10-5 for 300 < mN < 375 MeV/c2




NA62-2015 [ paper in prepration ]

Ø  Search for K+→e+N decays (production)



Limits on |Ue4|2 ∼ 10-6–10-7 for 170 < mN < 448 MeV/c2






Ø  Future prospects: new results from 2016 data (large statistic, beam tracker, 

higher intensity) many analysis on-going
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Thanks for your attention!
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NA62 Physics Program
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