
Recent Results From NA62
Stoyan Trilov, University of Bristol

on behalf of the NA62 collaboration
28/09/2017



Outline

24/09/2017 2

• Kaons at CERN

• Heavy Neutrinos Search
• 2007 Data
• 2015 Data

• 𝐾" →	𝜋"𝜐�̅�
• Analysis strategy
• Selection
• Results

• Conclusions and Prospects



Kaons at CERN
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• NA48 (1997-2001): 𝜀/𝜀′
• NA48/1 (2002): 𝐾𝑠 rare decays
• NA48/2 (2003-2004): 𝐾 ± decays
• NA62 (2007) (2007-2008)

• NA48/2 detector 
• 𝑅𝐾 = 	𝐾𝑒2/𝐾𝜇2
• Heavy neutrinos

• NA62 (2014-2018): 
• 2014: Pilot run 
• 2015: Commissioning 
• 2016-2018: 𝐾+ →	𝜋+𝜐�̅�

NA62 collaboration: Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax, Ferrara, Florence, Frascati, 
Glasgow, Liverpool, Louvain-la-Neuve, Mainz, Merced, Moscow (INR), Naples, Perugia, Pisa, Prague, Protvino (IHEP), Rome 
I, Rome II, San Luis Potosi, Sofia, TRIUMF,Turin, Vancouver (UBC) 



𝜈MSM

24/09/2017 4

Neutrino oscillation experiments show that neutrinos have mass, however in 
the Standard Model (SM), neutrinos are massless. An extension to the SM is 
needed to accommodate massive neutrinos, for example:

The Neutrino Minimal Standard Model (𝝂MSM):

• Addition of 3 right-handed neutrinos, one of them with mass of O(GeV) 
• If 𝑚6 < 𝑚8± −𝑚:±, then heavy neutrinos are observable via production in 

Γ 𝐾± 	→ 	 𝑙±𝑁 = Γ(𝐾± → 𝑙±𝜈:) @ 𝜌BC @ 𝑈:E
F

𝜌BC: kinematic phase-space factor, 𝑈:E: mixing matrix 



NA62 - 2007 Detector
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Beam
• 74 ±1.4 GeV/c kaon momentum

Sub-detectors
• Magnetic spectrometer
• Scintillator hodoscope, used for triggering, 
𝜎I~ 200ps

• LKr, EM calorimeter
• 13 248 2×2 cm2 cells
• 𝜎K/𝐸 = 3.2%/ 𝐸� 𝐺𝑒𝑉 ⊕ 9%/𝐸 𝐺𝑒𝑉 ⊕ 0.42%
• 𝜎W = 𝜎X = 4.2	𝑚𝑚/ 𝐸� 𝐺𝑒𝑉 ⊕ 0.6	𝑚𝑚

• Muon veto system



Analysis strategy
• Search for	𝐾+ → 𝜇+𝑁
• Look for peak in 𝑚𝑚𝑖𝑠𝑠 = 𝑃𝐾+ − 𝑃𝜇+�

• Monte Carlo used to evaluate signal 
acceptance, and kaon decay background 
contributions

• Halo contribution evaluated from data

Selection
• One positively charged track, with associated 

LKr cluster
• Other than the track cluster, no cluster with E > 

2 GeV
• Cuts on decay 𝑍𝑣𝑒𝑟𝑡𝑒𝑥, CDA, 𝑃𝑡𝑟𝑎𝑐𝑘, 𝜃, and 𝜙 to 

suppress muon halo background

2007 Heavy Neutrino Search - I
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Missing mass spectrum

24/09/2017



2007 Heavy Neutrino Search - II
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• Around 6×107 kaon decays in the fiducial volume collected (𝑁𝐾)
• Neutrino mass range: 300-370 MeV
• No acceptance for masses above 370 MeV
• Strong limits already present for 𝑚𝑁 < 300 MeV

Signal acceptance Mass resolution



2007 Heavy Neutrino Search - III
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• Search performed in steps of 1 MeV/c2

• Window of ±σm (mass resolution)
• No signal observed within 3σ significance
• Upper limits on number of signal events (𝑛jk) were estimated using the Rolke-Lopez 

method
𝐵𝑈𝐿 𝐾+ → 𝜇+𝑁 = 	

𝑛𝑈𝐿
𝑁𝐾×𝐴(𝑚6)

𝑈𝜇4 𝑈𝐿
2 =

𝐵(𝐾+ → 𝜇+𝑁)
𝐵(𝐾+ → 𝜇+𝜈𝜇)

×
1
𝜌BC

24/09/2017

𝑛𝑈𝐿



NA62 - 2015 Detector

Primary beam
• 400 GeV/c protons from SPS

Secondary beam
• 6% kaons, 75 GeV/c momentum
• Rest: 70% pions, 24% protons

Fiducial volume
• 60m region
• 10-6 mbar vacuum
• ~5 MHz K+ decay rate
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Sub detectors
• Upstream: KTAG, GTK, CHANTI
• Downstream tracking: STRAW, CHOD, NewCHOD
• PID: RICH, MUV1/2/3
• Photon veto: LAV, LKr, IRC, SAC



2015 Heavy Neutrino Search - I
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Analysis strategy
• Search for	𝐾" → 𝑒"𝑁
• Look for peak in 𝑚Bopp = 𝑃8q − 𝑃rq

�

• Monte Carlo used to evaluate signal 
acceptance 

• Background contributions estimated from MC 
and data

Selection
• Kaon identification
• One positively charged track, with associated 

LKr cluster
• Other than the track cluster, no cluster with       

E > 0.8 GeV
• Cuts on vertex, CDA; electron PID

24/09/2017

Missing mass spectrum



2015 Heavy Neutrino Search - II
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• (3.011 ± 0.11)×10ss kaon decays recorded (𝑁𝐾)
• Neutrino mass range: 170-448 MeV/c
• Acceptance drops off sharply above 448 MeV/c

Signal acceptance Mass resolution



2015 Heavy Neutrino Search - III
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• Mass search in steps of 1 MeV/c2

• Search window of ±1.5𝜎𝑚 (mass resolution)
• No signal observed within 3𝜎 significance
• Rolke-Lopez method was used to obtain upper limits on the number of signal events (𝑛𝑈𝐿)

𝑛𝑈𝐿 𝐵𝑈𝐿 𝐾+ → 𝑒+𝑁 𝑈𝜇4 𝑈𝐿
2



𝐾" →	𝜋"𝜐�̅�
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• FCNC process, proceeds via loop or box diagrams
• s→d coupling, highest CKM suppression
• Short-distance contributions dominate
• Theoretical prediction [A.J. Buras, et al. (2015), arXiv:1503.02693]: 

𝐵𝑅(𝐾" →	𝜋"𝜐�̅�) = 9.11 ± 0.72 ×10uss
• Best measurement to date [A. V. Artamonov, et al. (2009), arXiv:0903.0030]: 

𝐵𝑅(𝐾" →	𝜋"𝜐�̅�) = 17.3usv.w"ss.w ×10uss

DAQ architecture is presented in Section 13. Cost estimations and the timeline of the

experiment are summarised in Section 14.

2 Physics Motivation

2.1 The K ! ⇡⌫⌫̄ decays

The rare decays K+ ! ⇡+⌫⌫̄ and K
L

! ⇡0⌫⌫̄ are extremely attractive processes to study the

physics of flavour because they both are exceptionally clean modes. The hard (quadratic)

GIM mechanism is active; thus, these decays are dominated by short-distance dynamics.

Moreover, the short-distance amplitude is then governed by one single semileptonic operator

whose hadronic matrix element can be determined experimentally by the semileptonic kaon

decay; so the main hadronic uncertainties can be eliminated by experimental data. In view

of these facts, the two rare kaon modes o↵er unique opportunities for testing the Standard

Model and deepening our knowledge of the CKM matrix, which are complementary of those

in B decays. Furthermore, they are extremely sensitive to possible new degrees of freedom

beyond the Standard Model. For a recent review with extensive references of these decays

and of the CKM matrix in general, see [5] and also [6].

At the quark level the two processes arise from the s! d⌫⌫̄ process, which in the Standard

Model originates from a combination of the Z
0

penguin — the first two graphs in Figure 1

— and a double W exchange, the third graph.

s d s d s d

W

Z

u,c,t u,c,t

Z

Figure 1: Graphs for s! d⌫⌫̄ in the Standard Model

In these graphs the u, c, t quarks appear as internal lines. The hard GIM mechanism im-

plies on the amplitude level A
q

⇠ m2

q

/m2

W

V ⇤

qs

V
qd

, q = u, c, t; the top-quark contribution

dominates, with a smaller contribution, in the case of the K+ ! ⇡+⌫⌫̄ decay, from the

charm. The up-quark contribution is in both cases negligible, so that s! d⌫⌫̄ is essentially

a short-distance process, well described by a Fermi-like coupling:

7



𝐾" →	𝜋"𝜐�̅� NP Sensitivity
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Littlest Higgs
[M. Blanke, A. J.Buras, S. Recksiegel, 

(2015) arXiv:1507.06316]

Custodial Randall Sundrum
[M. Blanke, A.J. Buras, S. Recksiegel, 

JHEP 0903 (2009) 108]

Simplified Z, Z’
[A. J. Buras, D. Buttazzo, R. Knegiens,

(2015) arXiv:1507.08672] 

• 𝐾" →	𝜋"𝜐�̅� measurement complementary to LHC searches
• Can inform several beyond SM models
• Constraints from existing measurements (correlations model dependent) 

• Kaon mixing, CKM elements, K, B rare meson decays, NP limits from direct searches 



Analysis Strategy
Guiding principles of NA62
• Precise timing: ~100ps resolution
• Kinematic rejection: ~ 𝑂(10E)
• Photon rejection →	𝜋v suppression: ~ 𝑂(10y)
• 𝜋/𝜇 separation: ~ 𝑂(10y)

24/09/2017 15

Selection
• Select an upstream (𝐾"), and a downstream track (𝜋")
• 𝐾"	/𝜋" matching in space and time: a 𝐾" decay event 
• Fiducial decay region definition
• 𝜋" PID using RICH, calorimeters
• Photon rejection
• Multi-track rejection 

Branching fractions
• 𝐾" → 𝜇"𝜈z: 63.56%
• 𝐾" → 𝜋"𝜋v: 20.66%
• 𝐾" → 𝜋"𝜋"𝜋u: 5.58%



𝐾"-	𝜋"matching
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𝑲" timing
• 𝜎(𝑇8}~�) ≈ 80𝑝𝑠, 𝜎(𝑇�}8) ≈ 100𝑝𝑠

𝝅" timing
• 𝜎(𝑇����) ≈ 250𝑝𝑠, 𝜎(𝑇����) ≈ 150𝑝𝑠

𝑲"-	𝝅"matching
• 𝜎 𝐶𝐷𝐴 ≈ 1.5	𝑚𝑚
• 75% efficiency
• 1.7% mis-tagging probability

NA62 Preliminary 

Sample of 𝐾" → 𝜋"𝜋"𝜋u

Kaon track

Random 
beam track



Fiducial decay and signal regions
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Signal regions defined by 𝑍�r�IrW	, 𝑃�q ,	and 𝑚Bopp
F

115 m < 𝑍�r�IrW < 165 m 15 GeV/c < 𝑃�q < 35 GeV/c

𝐾" → 𝜇"𝜈z

𝐾" → 𝜋"𝜋v

𝐾" → 𝜋"𝜋"𝜋u
NA62 Preliminary 

NA62 Preliminary 



Kinematics
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Define 𝒎𝒎𝒊𝒔𝒔
𝟐 in 3 ways

• 𝑚Bopp
F 	 𝑆𝑇𝑅𝐴𝑊 = (𝑃8q

�}8 − 𝑃�q
�}�~�)F

• 𝑚Bopp
F 	 𝑅𝐼𝐶𝐻 = (𝑃8q

�}8 − 𝑃�q
����)F

• 𝑚Bopp
F 	 𝐵𝑒𝑎𝑚 = (𝑃8q

�r�B − 𝑃�q
�}�~�)F

• Useful to control non Gaussian tails 

Kinematic suppression
• Measured using data
• 𝐾" → 𝜋"𝜋v and 𝐾" → 𝜇"𝜈z samples

Fraction of events in signal regions
• 𝐾" → 𝜋"𝜋v: 6×10uE
• 𝐾" → 𝜇"𝜈z: 3×10uE

𝐾" → 𝜇"𝜈z 𝐾" → 𝜋"𝜋v 𝐾" → 𝜋"𝜋"𝜋u

Sample of 𝐾" → 𝜋"𝜋v

NA62 Preliminary 



𝜋" Identification
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PID with calorimeters
• Multi-variate analysis: E, E sharing, cluster shape
• LKr, MUV1/2
• 𝜀 𝜇 ≈ 10−5
• 𝜀 𝜋 ≈ 80%

PID with RICH
• 𝜀𝜋+

𝑅𝐼𝑁𝐺 ≈ 90%, function of 𝑃𝜋+
• 𝜀𝜋+

𝐼𝐷 ≈ 80%
• 𝜀𝜇+ ≈ 10−2

• Combine both techniques for a total of 107	𝜋/𝜇
separation

NA62 Preliminary 

NA62 Preliminary 



Photon rejection
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Before 𝛾 rejection, minimum bias trigger

• Photon veto detectors: LAV, LKr, IRC, SAC
• Rejection measurement performed in 𝐾" → 𝜋"𝜋v region

After 𝛾 rejection, PNN trigger

𝜋0 suppresion:
𝜀𝜋0 = (1.2 ± 0.2)×10−7

NA62 Preliminary NA62 Preliminary Non-Gaussian
Gaussian
Total



Preliminary Results
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• 5% of 2016 data
• 2.3×10sv	kaon decays
• Full 𝜋"𝜐�̅� selection applied
• Expected number of events: 

• Signal: 0.064
• Background: 0.052

• No signal observed

• Event inside the box has 𝑚Bopp
F (no GTK) 

outside of the signal region

• Analysis still being optimized

NA62 Preliminary 



Wider NA62 Programme
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“Standard” kaon physics
• ChPT studies: 𝐾" → 𝜋"𝛾𝛾, 𝐾" → 𝜋"𝜋v𝑒"𝑒u, 𝐾:E
• BR and form factors: 𝐾" → 𝜋v𝜇"𝜐z, 𝐾" → 𝜋v𝑒"𝜐r

Lepton flavour/number violating decays
• 𝐾" → 𝜋"𝜇±𝑒∓,	𝐾"→ 𝜋u𝜇"𝑒", 𝐾" → 𝜋u𝑙"𝑙"

 
Heavy neutral leptons
• 	𝐾"→ 𝜇"𝜈�
• 𝜈� from upstream K, D decays, 𝜈� → 𝜋𝑙

Long lived dark sector particles
• Dark photon 𝛾� produced in 𝜋/𝜌 decays in target with 𝛾� → 𝑙"𝑙"
• Axion-like particle 𝐴0 produced in target/dump, with 𝐴v → 𝛾𝛾

𝝅𝟎	decays
• 𝜋v → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒, 	𝜋v→ 3𝛾, 4𝛾;	𝜋v → 𝛾�𝛾



Conclusion and Prospects
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Heavy Neutrinos
• No signal observed in 2007 or 2015 data
• Improved upper limits set on branching ratios and mixing matrix 𝑈:E

𝑲" →	𝝅"𝝊𝝊£
• NA62 fully operational
• 5% of 2016 data presented, 2.3×10sv	kaon decays
• No signal observed against expectation of 0.064
• Data taking until LS2
• Analysis in progress


