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RECENT RESULTS FROM PRECISION
MEASUREMENTS AT THE NA62 EXPERIMENT'

Experiment NA62 at CERN collected the world’s largest dataset of charged Kaons, the main
goal being the measurement of the B(Kt — ntud). New results from the analyses of rare
kaon and pion decays using data samples collected in 2017-2018 are presented. A sample of
Kt — wtyy decays was collected using a minimum-bias trigger and measurement of the
branching ratio, study of the di-photon mass spectrum, and the first search for production and
prompt decay of an azion-like particle with gluon coupling in the process KT — nt A, A = ~y
are reported. Additionally, a sample of ™° — ete™ decays was collected, using a dedicated

scaled down di-electron trigger, and preliminary results for the branching ratio are reported.
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1. The NA62 Experiment

The NAG62 is a fixed target experiment at CERN’s
SPS North Area which has the goal to measure the
branching ratio of the ultra-rare K™ — 7tvi de-
cay [1].

A 400 GeV/c proton beam is extracted from the
CERN’s Super Proton Synchrotron (SPS) which hits
a beryllium target, generating a 75 GeV /c secondary
beam consisting of 70% 7+, 24% protons, and 6%
K*. The kaons are identified using the KTAG, a
Cherenkov detector, while particles in the secondary
beam are tracked by the GTK, a silicon pixel beam
tracker. These particles travel through the experi-
ment’s fiducial decay volume, where kaon decays
are reconstructed by measuring the momentum of
the charged decay products using the STRAW spec-
trometer. Particle identification is facilitated by the
Ring Imaging Cherenkov (RICH) Detector, the lig-
uid krypton (LKr) calorimeter, and a muon veto sys-
tem. To veto photons outside the LKr’s acceptance,
additional systems, including the large-angle (LAV)
and small-angle (IRC and SAC) photons detectors
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are employed. A schematic view of the NA62 detec-
tor is show in Fig. 1 and more details regarding the
apparatus can be found in [2].

Thanks to the multiple trigger lines [3] and the ver-
satility of the experiment, besides the K+ — 7T vp,
multiple K+ decays can be studied. Other NA62 re-
cent results are published in [4] and [5].

2. Measurement of the K+ — w+~~ Decay

Experimental studies of radiative kaon decays offer
a way to test Chiral Perturbation Theory (ChPT),
which describes low-energy QCD processes. In the
case of the K™ — m~~ decay, ChPT has been formu-
lated at both leading and next-to-leading orders, in-
corporating an unknown real parameter ¢ along with
other external parameters.

A sample of 3984 K+ — 7~y decay candidates
was selected with an estimated background of 291+14
events [6] using the 2017 and 2018 NA62 dataset with
the primary background originating from the K+ —
— mt7a%, 7® — ~v decay, where photons create
overlapping showers in the LKr calorimeter, result-
ing in the reconstruction of merged clusters. The
background is estimated using simulations, which
are validated by comparing the simulation of cluster
merging with a dedicated data sample. The K+ —
— 170 70 — 4+ decays were used as normalization

1 This work is based on the results presented at the 2024 “New
Trends in High-Energy and Low-x Physics” Conference.
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Fig. 1. Schematic side view of the NA62 beam line and detector used in 2018
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Fig. 2. Reconstructed z spectrum of the Kr~~ candidates, es-
timated background contributions and simulated signal spectra
in ChPT O(p®) description
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Fig. 3. Summary of B measurement in ChPT O(p®) frame-
work
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sample. Fits of the observable z = m2_ /m% to the
data were performed for both leading order O(p*) and
next-to-leading order O(p®) ChPT descriptions where
the p-values obtained from the fit are 2.7 x 10~® and
0.49, respectively indicating that the next-to-leading
order contribution in ChPT is necessary to describe
the di-photon invariant mass, seen in Fig. 2.

The value of é obtained in ChPT O(p®) is ¢ =
= 1.144 £ 0.069tat £ 0.034ys;. By integration the
ChPT O(p®) branching ratio in the full kinematic
range, the corresponding branching ratio is B =
= (9.61 & 0.155¢a¢. = 0.07gyst.) X 10~7. In the region
z € (0.2,0.51), by summing over the z bins, the
model independent branching ratio is By (z > 0.2) =
= (9.46 & 0.19g4a¢. = 0.07gyst.) ¥ 10~7. The compari-
son between the branching ratio obtained from ChPT
O(p%) and previous measurements can be seen in
Fig. 3.

The differential K.~ decay width as function of 2
spectrum corresponding to ¢ = 1.144 obtained from
the model-independent measurement is displayed in
Fig. 4. A first search for an axion-like particle (ALP)
a in the decay channel KT — 7ta,a — ~v was
conducted using the same selected event sample. A
peak search was performed across 287 mass hypothe-
ses in the range of 207-350 MeV /c?, with mass steps
of 0.5 MeV/c? and a resolution for m, varying be-
tween 2.0 MeV /c? and 0.2 MeV /2. For each hypoth-
esis on m,, the background was estimated via simu-
lations. Upper limits on the number of signal events
and the corresponding branching ratio (under the as-
sumption of prompt a — 7y decay) were determined
using the CLg method [7], as shown in Fig. 5.
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Additionally, in the BC11 scenario, limits are es-
tablished on the coupling strength of the ALP to glu-
ons (1/fa), show in Figure 6, with the ALP’s proper
mean lifetime scaling as 7, ~ f2.

3. Measurement of the 7° — ete™ Decay

The primary objective in studying the decay 70 —
— eTe™ is to determine its branching ratio.

Experimentally, additional radiative photons may
appear in the final state, meaning that the observable
branching ratio includes final-state radiation, mak-
ing radiative corrections essential for accurate anal-
ysis. To account for this, a kinematic variable, x =
=m?2,/m?2 which is related to the di-electron invari-
ant mass is defined. Therefore, the measured branch-
ing ratio is B(7® — eTe™(y),r > Tcut), where the
chosen value of zy; must be sufficiently large to sup-
press the contribution from the Dalitz decay, 7% —
— eTe™ 7, which dominates at low z. For ¢y = 0.95,
the partial Dalitz decay branching ratio accounts for
about 3.3% of B(n® — ete™ (7).

The previous best measurement, from the KTeV-
E799-11 experiment [8], reported Bgrey(m® —
—ete (), 2> 0.95) = (6.44 £+ 0.25 £ 0.28) x 1075,
Using the latest radiative corrections [9, 10| and
extrapolating to obtain the branching ratio without
final-state radiation, the result

Bxrev(7® — ete™, no-rad) = (6.84 £0.35) x 10~®

was obtained, showing a 20 discrepancy with
the most recent theoretical prediction of By, (7% —
— ete™,no-rad) = (6.25 4 0.03) x 1078 [11].

For this measurement, NA62 utilized data sam-
ples from 2017 and 2018, selecting the decay K+ —
— 7t7m0 70 — eTe™, which incorporates the latest
radiative corrections in the Monte Carlo simulations
with the Kt — 7tete™ decay used for norma-
lization.

A dedicated multi-track electron trigger line, which
was reduced by a factor of 8, was implemented to
collect both Kt — 7779 70 — ete™ and K+ —
— wTete™ events, resulting in an overall trigger ef-
ficiency of approximately 90% for both the signal
and normalization selections. With both the signal
and normalization decay modes having identical final
states, the cancellation of several systematic effects
is achieved.

The selection criteria for signal and normalization
events are as follows: a three-track vertex topology
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Fig. 8. mec distribution for signal selection

must be established using data from the STRAW,
along with kinematic constraints on the total and
transverse momenta of the vertex, and time coin-
cidence information from the CHOD and KTAG
detectors.

784

Track identification is achieved through the energy
deposited in the LKr (F) and the momentum mea-
sured by the STRAW (p). Specifically, an E/p < 0.9
requirement is imposed for the 7t tracks, while an
E/p condition in the interval of (0.9,1.1) is applied
for the e* tracks. For signal events, the dielectron
invariant mass, me., must fall within the interval of
(130, 140) MeV /c?, whereas for normalization events,
the interval is set to (140, 360) MeV /c?. Additionally,
the total invariant mass, M .., is required to be be-
tween (480, 510) MeV /c? (see Fig. 7).

For the normalization sample a negligible back-
ground was achieved (>99.9% sample purity) while
for the signal sample the following backgrounds are
present:

e Kt — mwtete™ which is irreducible and flat in
the signal region, close the 7° mass;

e KT — 7t70, 79 — ete~y caused by either the
irreducible large x-tail of the 7% Dalitz decay or by
photon conversion in the STRAW with an et track
selected from the conversion, in the photon conversion
case STRAW hit information is employed to suppress
the background;

e KT — 7170, 7% — nrete eTe™ where two e
tracks are not reconstructed. Events with a track seg-
ment reconstructed in the first two STRAW chambers
compatible with the vertex are rejected to suppress
this background.

A total of 12,160 normalization candidates were se-
lected, with an acceptance of A(KT — nrete™) =
= (4.70 £ 0.01444¢ )% based on simulations. The ef-
fective number of kaon decays is calculated to be
Ng = (8.62 £ 0.0854at + 0.2665) x 101, where the
external uncertainty arises from the limited preci-
sion of the normalization branching ratio, B(K* —
— mtete) = (3.00 £ 0.09) x 1077 [12].

The signal acceptance for Zypye > 0.95 is A(KT —
— 70 70 — ete™) = (5.72 £ 0.0244at) %.

The preliminary branching ratio determined is
Bras2(m? = eTe ™ (v), 2 > 0.95) = (5.86 & 0.305¢at &
+0.115yst £ 0.190x¢) x 1078, obtained through a
maximum likelihood fit of the Monte Carlo sam-
ples to the me. spectrum observed in the data,
with the branching ratio as the parameter of inter-
est (Fig. 8). The signal event yield derived from the
fit is 597 £ 29 events.

The preliminary results can be extrapolated to
Bras2(m® — ete™,no-rad) = (6.22 & 0.39) x 1078
using the most recent radiative corrections. The pre-

0 +
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cision of the NA62 measurement is comparable to
that of the KTeV-E799-11 experiment, and the two
results are in agreement. However, the central value
of the NA62 preliminary result is lower and aligns
more closely with theoretical predictions.

The precision of the B(r? — ete™) measurement
is expected to improve as NA62 continues data collec-
tion until CERN’s Long Shutdown 3. Furthermore, a
new measurement of K+ — nTeTe™ is planned using
the data collected by NA62, with the goal of increas-
ing the precision of the B(K+t — 7TeTe™) measure-
ment and, thus, reducing the external uncertainties.
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I1.-1]. Bobox 6i0 imeni xorabopayii NAG2

OCTAHHI PE3VJIBTATU TOYHUX
BUMIPIOBAHBb HA EKCIIEPIMEHTI NA62

Excnepument NA62 y CERN 3i6paB Haiiblnbuty y csiti 6a3y
JaHUX PO 3apsPKEeHI KaOHM, IPUIOMY TOJIOBHOIO METOIO Oy-
so sumiprosamna B(K+T — wtuvw). B niit pobori mpeacras-
JIEHO HOBI pe3yJbTaTH aHAJI3y PIJAKICHUX PO3Ia/iiB KaOHIB i
MiOHIB 3 BUKOPHCTAHHIM JaHUX, 3i6panux y 2017-2018 pokax.
Mu obrosoproemo mpuknanu posmagis Kt — wtyy, axi 6y-
J10 3aiKCOBAHO 3a JOIIOMOI'OI0 TPpUrepa MiHIMaJIbHOIO 3Mille-
HH$I Ta BEMIpIOBaHHs Koedili€eHTa pO3raJIyKeHHSsI, JOCIIiIXKY-
€MO MaCOBHUI CIIEKTD IOABIMHMX ramMMa-KBaHTIB, IIPOBOJUMO
MepIIUi TONIYK MOXKJIMBOCTI YTBOPEHHSI 1 IIBUJIKOTO PO3Ia-
Iy aKCIOHOIOIOHOT YaCTUHKYU 3 TVIFDOHHUM 3B’sI3KOM Y IIPOIECi
K+ — 7T A A — ~vv. Kpim Toro, 6yso 3adikcoBano posma
70 — ete™ 3a gomOMOTOIO CIENIATBHOTO /TieTeKTPOHHOTO TPHU-
repa, i MU HaBOJIMMO IIOIIEPEHI Pe3yIbTaTH 1010 KoedillieHTa
PO3TaJLy >KEHHSI.

Katwwoei cao6a: po3naau MOHIB, po3Na u KaOHIB, XipaJyb-
Ha Teopist 30ypeHb.
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