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Kaon experiments at CERN
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NAG62: ~ 200 participants, ~ 30 institutes
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- Heavy Neutrinos: Motivation _
¢ Neutrino oscillations imply neufrinos are massive, not accommodated in SM

e No SM Dark Matter candidate and Baryon Asymmetry call for beyond SM physics
e Example of SM extension: Neutrino Minimal SM (vMSM) (Asaka et al., PLB 620 (2005) 17)

¢ 3right-handed sterile neutrinos N; are added to SM, m1 ~ 10 keV, ms 3 ~ 1 GeV

e N, serves as Dark Matter candidate

e N, 3 introduce extra CPV phases to account for Baryon Asymmetry and are responsible for SM
neutrino masses (see-saw mechanism)

o If my < Mg+ — my+, heavy neutrinos are observable via

Fpu(my) production in processes
3
250 + +ary _ + + 2
: (K™ = I*N) =T(K* = IFv) pi(mny)| U]
2k
s Kinematic enhancement factor
15 e(mn) X Ry
*F / Rk ~2.5x 107" _ _
eendonle ol Laalantae - o Short-lived neutrino decays can be observed as resonances
HINL mass [MeV/c'] in spectra of certain K* decays, such as K* — y*N, N — 7

R. Shrock PLB96 (1980) 159
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NA48/2 and NA62-Rk: Beam and Detector
YT Beam parameters
: e Narrow momentum bands:
e NA48/2: Px = 60 GeV/c, § Pk / Pk ~ 4% (rms)
e NA62-Rk: Px = 74 GeV/c, § Pk / Pk ~ 1% (rms)
_, « Availability of K+ and/or K~ beams

Helium-filled tank
Main subdetectors
i i e Spectrometer (4 DCHs):
X e NA48/2: o,/p = 1.02% @ 0.044% - p[GeV]
e NA62-Rk: 0, /p = 0.48% € 0.009% - p[GeV]

¢ Scintillator hodoscope: o; ~ 150 ps

Main goals o LKr EM callorimeter
o NA48/2: several K* decay parameters, op/E =3.2%/+/E[GeV] @ 9%/E[GeV] @ 0.42%
Oy =0y =

see NA48/2 website
« NA62-Rg: Ric = I'(K.2)/T(K,2) 4.2mm/+/E[GeV] 0.6 mm (1.5 mm @ 10 GeV)

Phys. Lett. B719 (2013) 326 ¢ Muon veto system
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http://na48.web.cern.ch/NA48/NA48-2/NA48_2.html

NA48/2 and NA62-Rk: HN searches

NA48/2: HN production + decay

Model-dependent (HN decay modes &
lifetime)

Sensitive to short-lived (unstable) HNs
Sensitive to Majorana/Dirac nature of HNs

Search done on 3-track vertex sample
Kt — u* Ny, Ny — 7 (LNC & LNV)
Phys. Lett. B769 (2017) 67-76
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NA62-R : HN production only

¢ Independent of HN decay modes
¢ Sensitive to long-lived (or stable) HNs

e Search done on minimum bias sample
Kt — ﬂ+N4
Phys. Lett. B772 (2017) 712-718
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NA48/2 same- S|§;n muons samgle (LNV)

Blind analysis, Kt — « put select/on based on

o Kt — 7Tt pt and K* — 7zt 7~ MC simulations

e Control region: M (r¥ putput) < 480 MeV/c?
Event selection

e One well-reconstructed 3-track vertex

e 2 same-sign muons, one odd-sign pion

e Total pr consistent with zero

e Signal Region: |M (7T u*u*) — Mx| < 5 MeV/c?
Kaon decays in the fiducial volume

e Ng ~ 2 x 10" (from reconstructed K* — ntntz
Expected background in the Signal Region

e Estimated using K* — 7*7+7~ MC sample

Number of events left in the signal region after finalizing the selection: Ny, =1
Expected background from MC simulation: Ne, = 1.163 £ 0.867stat. & 0.021ext. £ 0.116yst.
Rolke-Lopez method used to determine U L(Nsig.), resulting in UL on B(KE = 7nF puEp®):

BKE — aFpu*
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pt) < 8.6 x 10~ @90%CL
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NA48/2 opposite-sign muons sample (LNC)
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3489 K+ — 7% %~ candidates in Signal Region
Kt — ntutp~ background: (0.32 4 0.09%)
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Event selection
¢ Almost identical to same-sign
e 2 opposite-sign muons, one pion
e Signal Region:
M (7% ptp~™) — Mg| < 8 MeV/c?
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Search for HN in LNV mode

Same-sign muon sample

UL(B(K* — p£N,)B(Ny — nFpt))
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Search for HN in LNC mode

Opposite-sign muon sample UL(B(KF = p£N)B(Ny — 7 uF))
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Upper limits on |U,,4|? from NA48/2

B(KE = u®N,)

Upual? =
nd +
B(K* = p*vu)pu(mny,)
Same-sign muon sample (LNV) Opposite-sign muon sample (LNC)
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Unlike NA62-Rk and NA62 2015 results in the following slides, NA48/2 ULs on |U,,4|* are
applicable for short-lived HNs.
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Search for HN at NA62-Rg, single-muon sample
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Kaon decays in the fiducial volume

e Ny ~ 6 x 107 (from reconstructed K+ — it v)
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Analysis outline

e Analysis done on K* sample only

e Peak search performed in Missing Mass:

Mmiss = (PK - P;L)2

e Signal Region: Mpm;ss € (300, 375) MeV/c?
HN MC simulation

o Acceptance vs. HN mass: A(my,)

e Mnmiss resolution vs. HN mass: o(my,)
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Search for HN at NA62-Rk, ULs on Ngg and B(K™ — ™ Ny)
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» Rolke-Lopez method used to determine UL on Ngjg.
e Heavy neutrino mass step: 1 MeV/c?
e Search window determined according to o(my;, )
o Statistical significance never exceeds 3c: No signal observed
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NA62: Beam and Detector

LAV STRAW _“‘Efopl:uw,z i
: {RICH | HAH | Main goal .
. : e 10% precision measurement of
ERICH mﬁ B(Kt — mtui)
) e 'JJI g Dump Beam parameters
T Region T e Beam momentum: 75 GeV/c (+1%)
’ o = 0 ® zm « Positive beam: ~ 6% K"
NAG62 collaboration, JINST 12 (2017) P05025
Main subdetectors
e Trackers: beam (GTK), m/u/e (STRAW) Data taking conditions in 2015
* Hermetic veto detectors: ¢ Minimum bias data: taken at 1% of design
* Photon vetoes (LAV, LK, IRC, SAC) beam intensity
e Muon vetoes (MUV
« Particle i dentifiéatior)r e Beam tracker not available: kaon
) momentum estimated as beam average
e Beam kaons (KTAG)

o 7/u/e (RICH, LKr, MUV)
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Search for HN at NA62, single-track sample

B : —e— Data
LY I A B Krfe'y Analysis outline
: e’V
[ K opy (1 —evvy) e Peak search performed in Missing Mass:
400 oo prerny I <*—spv (no p decay) Miiss = /(P — Pe)?
| [ 1Kevin : o Signal Region: Mpiss € (170, 448) MeV/c?

HN MC simulation
o Acceptance vs. HN mass: A(my;,)
o Mpmiss resolution vs. HN mass: o(my;,)
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Search for HN at NA62, ULs on Ngg and B(K™ — ™ Ny)
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Rolke-Lopez method used to determine UL on Ngg.

Heavy neutrino mass step: 1 MeV/c?

Search window chosen to be +1.50(my,)

Statistical significance never exceeds 30: No signal observed

Lubo$ Bician Limits on heavy neutrinos at NA48 and NA62 Particles and Nuclei International Conference, September 1, 2017 15/16



UL on |U, " at 90% CL
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Summary and Outlook
NA48/2 and NA62 HN production (and decay) searches in K+ decays were presented:

No HN signal has been observed

KEK (1984)
K —pu*v, K'—e'v

NAG2 (2017)
K'-e*v
| piENU (2011 ™ nl

107 wan
£ V VE949(2015)
N K 'sutv
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+
2 B(K —)liN4)
Ui |” =

B(K* = tv,)pi(m,)

Analysis of NA48/2 2004 Data (Phys. Lett. B769 (2017) 67)
e About 200 billion K* decays in the fiducial volume

o Reached O(10~*) limit on |U,.4|?
for my, € (245,390) MeV/c? (also short-lived HNs)

Analysis of NA62-Rx 2007 Data (Phys. Lett. B772 (2017) 712)
e About 60 million KT decays in the fiducial volume
e Improved limits on |U,,4|? for mx, € (300, 375) MeV/c?
Analysis of NA62 2015 Data (paper in preparation)
e About 300 million K+ decays in the fiducial volume

e New limits on |U.4|? reaching 1076 — 107
for my, € (170,448) MeV/c?

Future prospects

e Major analysis improvements with NA62 2016 high
intensity data (fully working beam tracker)
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