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The K* — 77 vv decay is a golden mode for flavour physics. Its branching ratio is predicted with
high precision by the Standard Model to be less than 1079, and is highly sensitive to new physics
up to the highest mass scales. The NA62 experiment at the CERN SPS, designed to study this
decay, has collected data in 2021-2022 after improvements to the detector. Combining the NA62
datasets collected in 2016-2022, a new measurement of (KJr - 7r+v17) is reported. For the first
time, the K* — 77 vV decay is observed with a significance exceeding 5o
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1. The NA62 experiment

The K* — n*vv decay is described very precisely within the Standard Model (SM). Its
SM branching ratio (BR) was predicted to be B(K* — ntvv) = (8.4 £ 1.0) x 10! [1]; more
recent calculations obtained (8.60 + 0.42) x 107! [2], (7.86 + 0.61) x 10~'! [3]. This BR is
extremely sensitive to physics beyond the SM [4—6]. The correlated K; — nOvy decay is currently
investigated by the KOTO experiment [7].

NAG62 is a fixed-target experiment at the CERN SPS, designed to study the K* — 77 vv decay
with a decay-in-flight technique. Data collected between 2016 and 2018 led to the measurement
B(K" — xtvy) = (10.6741) x 107" [8-10]. The following sections report about the result
obtained with data collected between 2021 and 2022, and the combination with previous data:
more details of the analysis can be found in [11].

The NA62 beamline and detector are described in [12, 13], and were upgraded for the 2021
data taking; a sketch is shown in Figure 1. The excellent performance of this detector [14, 15],
such as muon rejection of 0(107) and 7° rejection of 0(108), is the foundation for a broad K*
physics programme [16-23]; direct searches for new physics can also be performed with a special
beam-dump configuration [24-26].
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Figure 1: Schematic side view of the NA62 detector for data-taking from 2021 onwards.

2. Analysis

Data were collected in 2021 and 2022 at the design mean instantaneous intensity of 580 MHz,
higher than the past. Two signal regions are defined in terms of the squared missing mass mfniss
(Px — P,)* (where Py and P, are the 4-momenta of the K* and #* candidates) and p_+ (the *

candidate momentum); the resulting background suppression from kinematics only is of 0(104).
The effective number of normalization events fo; = (1.953 +0.005) x 10® is calculated
based on the number of normalization events observed, the relevant trigger downscaling fac-
tor, and the background contamination of the normalization sample. The effective number
of K* decays Ny = (2.85+0.01) x 10" is calculated from NT | the branching ratio of the
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normalization K* — n*7° »° — vy decay chain, and the normalization selection accep-
tance A, = (13.410 £ 0.005) %, evaluated with simulations. The single event sensitivity is
Bsps = (NgArypeuigery) | = (8.48+0.29) x 1077, where: A,,; = (7.62%0.22) % is
the signal selection acceptance, evaluated with simulations; &y, = (85.9 + 1.4) % is the trig-

vy

ger efficiency ratio of the trigger lines used for collection of the signal and normalisation sam-
ples; egy = (63.2+£0.6) % is the random veto efficiency, accounting for signal losses from the
veto of unrelated activity, measured from an independent data sample of K* — uv decays.
The number of SM signal events expected, assuming BM_ = 84 x 107" as the SM BR, is

NM = M B =991 £0.34.

TVV %%

Background from K* — u*v, K* — 7*7% and K* — #n¥x* 7~ decays in the fiducial volume
2

(FV) arises from the non-gaussian tails of the my; resolution, and is estimated from dedicated
control samples. Background from K* — n"n7e*y and K* — n'yy decays in the FV are
estimated by using simulations. The upstream background arises from decays and interactions
upstream of the FV with misreconstruction or mismatching of the candidate 7* downstream, which
produces a fake reconstructed vertex; it is estimated with a fully data-driven strategy. Validation
of the background estimates is performed by using an extensive set of statistically independent,
background-enriched samples. A total of 11.0*3- background events is estimated; the dominant

component is the upstream background with 7.4+3-1 events.

3. Results

After the signal selection, a total of 31 events are observed in the signal regions (Figure 2-left).
Using six 5GeV/c wide bins of 7% bins as independent categories and a profile likelihood ratio
test statistic accounting for expectations of signal and backgrounds, the analysis of 2021-2022 data
results in the measurement B(K* — 77v7)5051 2000 = (16.251) x 107", These six categories
are combined with the nine categories spanning 2016-2018 data [10] to obtain the measurement

_ —11 -11
BKY = 1016202 = (13-0f3:9|m +13 Syst) x 107 = (13.0433) x 107"

With an expectation of 18+3 background events and an observation of 51 events, the background-
only hypothesis is rejected with a significance above 50, which marks the first observation of the
K" — n7vv decay. To date, this is the smallest branching ratio measured with a signal significance
above 50.

The updated experimental and theoretical status is summarized in Figure 2-right; the B(K*" —
7" vV) measurement precision has been improved from 40 % to 25 %. With more data to be analysed,
NAG2 aims to reach a precision better than 20 %.
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Figure 2: Left: distribution of events satisfying the signal selectionin the (p .+, mfniss) plane. Red boxes show
the signal regions. Right: history of 8(K* — n*vv) measurements [10, 11, 27] and recent SM predictions
[2, 3]. Statistical and total uncertainties are shown by thinner and thicker vertical bars, respectively.
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