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L’esperimento NA62
❖Esperimento a bersaglio fisso

❖Decadimento in volo dei K

❖Misurare O(100) eventi ➟1013 decadimenti di K!!!

Fascio secondario

• 75 GeV/c

• 6% di K

• Rate: ~ 0.8 GHz

• Dimensione: ~(6 x 3) cm2

Strategia sperimentale

• ricostruzione cinematica precisa

• identificazione particelle: fascio 

e prodotti

• veto ermetico

• Precisione Temporale sotto il ns: 

O(100 ps) per match K-𝝅

M2
miss = (pK − pπ)2

2



Result: 2016+2017+2018 data
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Figure 7: The K+
! ⇡+⌫⌫̄ candidate events in the 2018 (left) and 2016–2018 (right) data

sets. Left: Reconstructed m2

miss
as a function of ⇡+ momentum for events satisfying the K+

!

⇡+⌫⌫̄ selection criteria. The intensity of the grey shaded area reflects the variation of the SM
signal acceptance in the plane. The two boxes represent the signal regions. The events observed
in Regions 1 and 2 are shown together with the events found in the background and control
regions. Right: Expected numbers of background events and numbers of observed events in
the nine categories used in the maximum likelihood fit to extract the K+

! ⇡+⌫⌫̄ branching
ratio. Categories 0,1 and 2 correspond to 2016, 2017 and S1 subsets, respectively. Categories 3
to 8 correspond to the six 5 GeV/c wide momentum bins of the S2 subset. The observed data
for each category are indicated by black markers with Poissonian statistical errors. The shaded
boxes show the numbers of expected background events and the corresponding uncertainties.

compatible with the SM value within one standard deviation. The first uncertainty is statistical,
related to the Poissonian fluctuation of the numbers of observed events and expected background,
while the second is systematic, resulting from the uncertainty in the signal and background
estimates.

This result is the most precise measurement of the K+
! ⇡+⌫⌫̄ decay rate to date and

provides the strongest evidence so far for the existence of this extremely rare process.

8 Search for K+ ! ⇡+X decays

The existence of a new feebly interacting scalar or pseudo-scalar particle, X, is foreseen in
several BSM scenarios. If X decays to invisible particles or lives long enough to decay outside
the detector, the signature of a K+

! ⇡+X decay is the same as that of the K+
! ⇡+⌫⌫̄

decay. The two-body decay K+
! ⇡+X would result in a peak in the reconstructed m2

miss

distribution, centred at the squared value of the X mass, m2

X
. Using the event sample selected

in the K+
! ⇡+⌫⌫̄ measurement, a search for a peaking signal in the 2016–2018 data set is

performed following the procedure detailed in [35]. The width of a signal peak is determined by
the resolution of the m2

miss
observable, which decreases monotonically from 0.0012 GeV2/c4 at

mX = 0 to 0.0007 GeV2/c4 at mX = 260 MeV/c2.
The SES is determined, for each mX, according to equation 1, by replacing A⇡⌫⌫̄ with the

acceptance for K+
! ⇡+X decays, which is obtained from simulation. Acceptance values for X

with finite lifetime, ⌧X, decaying to visible SM particles are estimated by weighting simulated
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Result : 2016+17+18 data
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                   combined K+ → π+νν̄
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SES = (0.839 ± 0.053syst) × 10−11

Nexp
πνν = 10.01 ± 0.42syst ± 1.19ext

Nexp
background = 7.03+1.05

−0.82

BR(K+ → π+νν̄) = (10.6+4.0
−3.4 ∣stat ± 0.9syst) × 10−11 at 68 % CL
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                    implications K+ → π+νν̄
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Ad oggi misura più 
precisa del decay rate

Ricerca di nuova fisica: parte dello 
spazio parametri già scartato


Next: ×3 improved precision to

match theoretical uncertainty by 
LS3
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Achromat ottimizzato per ridurre background 

GTK4 (GTK0 vicino a GTK1)

VETO counter prima/dopo collimatore

secondo modulo HASC (non in figura)

ANTI0 per ridurre 𝝁 background in dump mode e uso nel trigger 

GTK4 e altre novità 2021

1-jul-22      Riunione preventivi 2023

Ferrara: produzione e installazione readout GTK4
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Ferrara: produzione e installazione readout GTK4

BEAM

GTK0GTK1



NA62 new detectors: GTK0

20

New GTK station fully integrated and 
working as other stations

Joel Swallow

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
 [ns] KTAG - tGTKi t

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

 a
rb

itr
ar

y 
un

its GTK0
GTK1
GTK2
GTK3

 

) = 0.176 ns    KTAG-t
GTK0

(tσGTK0   

) = 0.172 ns    KTAG-t
GTK1

(tσGTK1   

) = 0.174 ns    KTAG-t
GTK2

(tσGTK2   

) = 0.174 ns    KTAG-t
GTK3

(tσGTK3   

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
 [ns] KTAG - tGTKi t

0

0.02

0.04

0.06

0.08

0.1

0.12

 a
rb

itr
ar

y 
un

its

 

GTK0
GTK1
GTK2
GTK3

 

GTK0
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New 4th GTK station (GTK0) fully integrated into systems and working as the other stations.
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GTK reconstruction
inefficiency reduced
by GTK0

Re-optimization of
Kaon-to-Pion matching
is in progress
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GTK0
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Effetto della quarta stazione 
sulla reconstruction 
inefficiency del GTK
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2021: data quality
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Filtered data, prima della selezione

First step: come 2018, stesse regioni e strategia

Data quality come 2018


Analysis in progress
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Non solo 
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K+ → π+νν̄
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Non solo 
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K+ → π+νν̄

HNL in 
K+ → l+ν

K+ → μ+ννν
Very rare decay in SM   BR=1.6 × 10-16

Current limit:  BR < 2.4 × 10-6

 NA62 result: BR < 1.0 × 10-6 @90% CL
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Non solo 
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K+ → π+νν̄

HNL in 
K+ → l+ν

K+ → μ+ννν

K+ → μ+νX

X scalar of vector

Mass range: 10 - 370 MeV/c2

Work in progress



KL→𝝅0𝝂𝝂

KL decadimenti rari


dump mode
9

2022 … 2024

• presa dati


Dopo LS3: High-Intentity Kaon Experiments (HIKE) at SPS

• varie fasi

• fasci K+ e KL e “dump mode”

• rare K decays, precision measurements, exotic particles 

in K/dump, …

• “Klever” sarebbe la parte KL


Timeline

• prima fase (dopo LS3): K+ ~ 7 x 1018 pot/year

• seconda fase: KL ~ 1 x 1019 pot/year

Attività attuali e future

1-jul-22      Riunione preventivi 2023

5% precision K+→𝝅+𝝂𝝂

altra fisica K+

dump mode
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capitolo item k€ sj tot

MI Metabolismo missioni Italia (1.9 FTE) 2,0

ME Metabolismo missioni Estere (1.9 FTE) 8,0

ME Missioni per Dry Run (2 sett/uomo) 2,0

ME Turni presa dati/esperti 2023 16,0

ME Turni presa dati test Klever (4x 1sett/
uomo) 4,0

CONS costruzione holder 4,5

CONS Metabolismo componentistica 3,0

TOT 29,5 10,0 39,5

Richieste 2023

1-jul-22      Riunione preventivi 2023
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Cognome e nome Qualifica Affer. %

1 DALPIAZ Pietro P.O. 1

2 BANDIERA 
Laura Ric. 5 10

3 SOLDANI Mattia Dott. 30

TOT FTE 0,40

Cognome e nome Qualifica Affer. %

1 COTTA 
RAMUSINO A. Tecn. 10

2 GIANOLI Alberto Tecn. 90

3 TOT FTE 1,00

Cognome e nome Qualifica Affer. %

1 CHIOZZI Stefano CTer 10

2 GAMBETTI 
Michele TecUniv 10

3 MAGNANI Andrea TecUniv 10

4 Neri Ilaria TecUniv 20

TOT FTE 0,50➤TOT FTE 1.9

Personale FE 2023
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Laura ha “sinergia” con 
Aidainnova


