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The main physics goal o

SM: box and penguin diagrams 5P
S W v
/

29% PP(X)

Vil 1.8 % Y,

other
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Theoretical error budget
i Buras. et. al., JHEP11(2015)033
Ultra-rare decays with

the highest CKM suppression: SM branching ratios

A~ (m/my)?|VeVig| ~ A2 Buras et al., JHEP 1511 (2015) 033
Hadronic matrix element related Mode BRcyx 1011
to a measured quantity (K*—n%e*v). K> vv(y) 8 4+1.0
Exceptional SM precision. K, —>novv 3.00+0.31

Free from hadronic uncertainties.

Theoretically clean, almost unexplored.
Sensitive to new physics, and to high-mass scale 0(100) TeV



The unitary triangle

BROK* — 2+ v — (8.3040.30)  10-11. | Vel 177 [_¥ 107  Burasetal,
— T VV) = (0. § X . g
( )= ) [0.0407] {73.20} JHEP 15T
_ i Vil 17 [ Vel 1* [ _siny 7°
BR(K; — n°vv) =(3.36+0.05) x 10~ !!. Ve | =5 ==
(KL )= ) [3.88 x 1073 0.0407| |[sin73.2°
Dominant uncertainties for SMBRs _°[iloi ] 1 )
are from CKM matrix elements _ ,
1.0 — 5 |
Intrinsic theory uncertainties 1.5-3.5% (h y>\ -
Measuring BRs for both K* — ztvv and *°F iAol —
K, — #%vv can determine the CKM ‘ o= -

unitarity triangle independently from B |
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K*—>m*vv and new physics

Bdras, Buttazzo, Knegjens
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General NP

io 25 30
Models with CKM-like flavor structure

Models with MFV
Models with new flavor-violating interactions in which either

LH or RH couplings dominate

ZIZ' models with pure LH/RH couplings
Littlest Higgs with 7 parity Grossman-Nir bound

Model-independent relation

BR(K; — n¥vV)

Models without above constraints

Randall-Sundrum

T
><+<1 0

High sensitivity to NP (non-MFV):
significant variations wrt SM

New physics affects K* and K,
BRs differently

10 x BR(BT — K*tvi)

BR(KT — ntvv)
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10" x BR(K' — ntvi)



NA62 beam and detector

Novel decay in-flight technique
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Decay Region:

60 m long fiducial region

~ 5 MHz K* decay rate

Vacuum ~ 0(107%) mbar

75 GeV/c momentum, 1 % bite
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Data taking periods so far
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Decay in flight technique @NA62

15 < P(n*) < P,.x GeV/c

to ensure several tens of GeV
of missing energy

+ Particle ID (calorimeters +
Cherenkov + muoniD)

Photon veto

mrzniss o= (PK+ . pn+)2

Background rejection:
O(100 ps) timing between
sub-detectors

0O(10%) background
suppression from kinematic
conditions

>107 muon suppression
>107 1t suppression

(from K* ->nt*r0 )
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2016 + 2017 data
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Signal selection

2018 data divided into two subsets, S1 (before, 20%) and S2 (after, 80%)
installation of the new final collimator.

S2 is divided into six categories corresponding to 5 GeV/c bins of

pion momentum in 1545 GeV/c range.

S1 is a separate category integrated over pion momentum.

Dedicated selection applied to each category improves signal sensitivity

:f 01 Control regions are
S 008 - 10° used to validate the
06 1 background estimates
- = | 5 10°
0.04 — ]
0.02 Hyrrd )
- 12 Improvements led to
" sizable increase in
~0.02 ¢ 7, 0 Signal acceptance,
_ e AL N T B B B B : :
0,04 S i e while keeping same level

7 momentum [GeV/c] of S/B ratio



Background evaluation
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Background expected in
Signal Regions S1 and S2:

15 20 25 30

35 40 45

7t momentum [GeV/c]

Background | Subset S1 | Subset S2
Y 0.23 £0.02 | 0.52+0.05
utv 0.19+0.06 | 0.45 4 0.06
ttr~ ety 0.10 = 0.03 | 0.41 +0.10
rtota~ 0.05 £0.02 | 0.17 £ 0.08
Ty < 0.01 < 0.01
Y < 0.001 < 0.001
Upstream 0.547059 | 2.7610-9
Total 11171929 | 4.311992

Background from Kaon decays and upstream events evaluated
using data and control samples
Good agreement in control regions between expected and

observed background events



Background evaluation, e.g 77’

Control data used to study

' ‘S)lf& s talls of distribution
2 0.026 ~  [Control region :3 107 £ Data
> B > 3 I:] MC K*—n*r®
8 0.024[ S 106
= - o 10° = MC K*—>r*n’q®
E 0.022 - . . . g 0 i - MC K*—r*n° uncertainty
N o S S = _
0.02 - ?;'_'::{"'3"-}:'3.:'3';\ Ao TN s >0tk - Region 1 Region 2
B AT FINSA0 ..‘;" el 7 = B
0.018F E«f".xé':’."" G LI 2 N
N R R = 10°
0016 | < =%, =7
0.014[ - VI 10° -
0012 ' . ' 10 - " 4
0.01 - |Control region : c T T T T'
' 7\ 111 l - | - | J - | 1111 I 111 I 11l I 1111 l E | | | 1 | | | 1 | | | | 1 | | 1 | J_ L Il | J_
10 15 20 25 30 35 40 45 50 -0.02 0 0.02 0.04 0. 06 0.08 0.1
7t momentum [GeV/c] m2. [GeV¥c*]

Ng;(fay = kag . fkin (region)

Data driven background evaluation for all kaon decays
(except rmev)



Upstream events rejection

Early decays in upstream region, interaction with material
plus beam pileup and scattering in STRAW1

BDT use possible only after installation of new collimator in 2018

K-pion matching conditions + geometrical variables :

Signal training sample: MC simulation Incregse signal acceptance
Background training sample: out-of-time data keeping same B/S

Data driven procedure: control sample without time and K-pi matching requirements
Validated using inverted data samples enriched with upstream events
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Normalization and Single Event Sensitivity

T e
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= 10° 3 random veto efficiency 2%
= 10° ; normalization background | 0.7%
5 = instantaneous intensity 0.7%
10 Total | 6.5%
10
% 1 g ! L] IT
gy * L TT *w #. l_-.__ 5P
8 o5 +++++* T A i ol g !
& 0.5 | + i . . 5 i
& o Ik oot
-0.04 —0.02 0 002 0.04 006 0.08 0.1 E 0.8 -
mZ,  [GeV¥/c'] o L
St
- E 061
NP s Ny - € eny - mw Brimvv) 208
~ IVgm * Ctrigger "ERV) ° ) S 05F
\"\'\,\,\7\7 0.4 e
A ( S1 ) ~4.0% A ( S2 ) ~ 6.4% T 03 Photon + multiplicity rejection
v v oy 65 . Photon rejection
B v LKr veto
BT(TH/V) 11 015_ N LAV veto
SE.S. = = (1.11 £ 0.07,,5.) % 10 af g

ex o IRC+SAC veto
NT(-I/IIj 0IIIIIIIII|IIII|IIII|IIII|IIII|IIII|||||||||||||||
0 100 200 300 400 500 600 700 800 900 1000

Intensity [MHz]



Result: 2016+2017+2018 data [JHEP 06 (2021) 093

2018 Data
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Expected background

+ Observed data
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Number of events
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Category

SES = (0.839 £ 0.0534) x 1071
Neb = 10.01 £ 0.424y¢ + 1.190y

exp +1.05
Nbackground 7.03 —0.82

BR(K' — nfwi) = (10.675 |stat = 0.9syst) X 107 at 68% CL

3. 40 significance



Implications of K™ — 7wy

> 10—% V  Camerini . » . . .
§10_5 v e Most precise determination
%100 ¥ T e of the decay rate to date
A 7: Asano . .
107 L Provides strongest evidence
vE Y v so far (3.4 o) for its existence
10°° ? E787+E949  NAG2
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NA62 through LS3

Plans for NA62 Run 2 (from LS2 to LS3):
Approved by CERN Research Board

NA62 has resumed data taking in July 2021

Key maodifications to reduce background from upstream
decays and interactions:

* Rearrangement of beamline elements

« Add 4t station to GTK beam tracker

* New veto hodoscope upstream of decay volume
and additional veto counters around downstream
beam pipe

Run at ~nominal beam intensity

Expect to measure BR(K" — #tvv) to O(10%) by LS3



Search for K*->n*X [JHEP 06 (2021) 093
arXiv:2103.15389]

Perform peak search considering K*—>n*vv as SM background
Improvement on previous limit by factor ~4

Search for X scalar or pseudo-scalar

° . fow Zweew Dark Scalar, production and decay
c Wicore [y driven by mixing with Higgs boson
102 -K—»:xn K'—sn'me'v R
oy [ upstream 8 Total background @ 10
2 Mode )=
g 10 Reglon 2 - 10_4
& 1 L
2 : .
= : 107
= 10!
10°2 10
| ) 10—7
1 -0.02 0 0.02 0.04 0.06 0.08
m2, [GeVZ/c'] 10°* o NRB2 o NAG2 -
Also published: n°to invisibles [JHEP 02 (2021) 201] e ——
and 7*X 2017 data [JHEP 03 (2021) 058] PN mGevie

Assuming X decays only to visible SM particles, with
lifetime inversely proportional to the mixing parameter



Search for K*—»>n*X

Perform peak search considering K*—>n*vv as SM background

BR(K"—x*X) at 90% CL

9
03 x10 ]
_ —— Observed UL &
” ---- Expected UL N
0.25 — B 1o g
C +20 ?3'
0.2 — )
: 15
0.15:— -I; R
= ’k/,:/:/:‘.f~~‘*~/”‘ 5 //l'l‘c=100pS
L (= e '
. =) % =) c=500ps
= C t=1ns
: i t=2ns
. = —NAG62 T=5ns
B & ‘ - 107! = ——E787/|E949 | “‘”I | |
0, '5'0' — '1(')0' — '1;0' 00 250 0 50 100 150 200 250
2
my [MeV/c?] my [MeV/e]

Stable or invisibly decaying Decaying to visible SM particle

Improvement on previous limit by factor ~4
Sensitivity to X with shorter lifetimes substantially improved by
extension of FV in S2 sample



Clear opportunity in the Kaon sector

Going beyond 10% measurement on K* — z*vy

Precision measurements of K — zvv BRs can provide model-
independent tests for new physics at mass scales of up to O(100 TeV)
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Integrated high-intensity Kaon programme at the SPS

EU Strategy deliberation document: CERN-ESU-014
“rare kaon decays at CERN” mentioned in Sec4
“Other essential activities for particle physics”

Long-term Physics Programme

. “Accelerator and Technology Introduction” webinar, Mike Lamont, January 2021
I n NA-EC N3 to extend to FCC-ee 2019 9 2020 202 2022 2023 2024 2025 2026 2027
3]F] AM)JAFﬁED]F AM] [ [ATS[OIN[D} 3 [FIM[AM]3 [ [ATS[ON[D} J FMAMJJASONDJ\F!M’\AiMi]J AAAAA i FMAMJJAF!OMD:l\Fl\MI\AI\M!JlJ!ASONDJFMAMJJA@EE
P m e [ T
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4x increase I
Run 4 LS4 LS5 |
K, —> 2y S AR T il
1X10' pot/year s==

6X increase

Integrated programme with multiple phases, synergies with LHC

K* and K, beams for precision measurement of K — zvv

Study of other rare kaon decays, including K, beam with tracking detector
Data taking in dump mode to reach 10"° POT to search for FIPs

Advantage of integrated approach: common upgrades for intensity and
detectors between projects, more flexibility on schedule.



Summary

Kaon Physics is a portal to explore physics beyond the SM.
K*— m*vv analysis on Runl data is completed with a
World-leading measurement.

Excellent sensitivity to searches to pion and invisible particles

NAG62 will take data until LS3, to approach theory precision

Plans for longer term high-intensity kaon beam experiments
beyond LS3
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