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NA62 EXPERIMENT g~

The Kaon Factoy

s 2009-2014 Detector R&D
Installation .
LHC - =~ . . o . i =
o ~ NA62 2015 Pilot run and commissioning ™ SSS=——.
(; NorthAreaﬂ

ALICE ™o o LHCh
e | 2016-2018 NA62 Physics Run 1
HiRadMat
—_— 2019-2020 CERN Long Shutdown 2 (LS2)
ISE
AN — 2021I-LS3 NA62 Physics Run 2
a | East Area

PS et
. .
D T AR |_) Data taking is

currently ongoing

Currently ~300 participants from ~30 institutions > Multi purpose high-intensity Kaon experiment )

» Broad physics programme in kaon and pion sectors

> Primary goal: precision measurement of BR(K™ - w*vv)
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NAG2 [

NA62 BROAD PHYSICS PROGRAMME

[ Kaon Beam /> Low energy QCD tests \
Mode Flavor ] > {F:lr:vcoliev;roelz’rfsioonf lepton flavor universality, lepton number and
400 GeV/c SPS Physics > First row CKM unitarity
proton beam on
targef > New Physics searches at the EW scale with sizeable coupling

\ to SM particles via indirect effects in loops /

: @ New Physics searches below the EW scales (MeV-GeV range) \
Hidden ] feebly-coupled to SM particles via direct detection of long-

Dump Beam Sector lived particles
Mode

> Dark Photon (DP), Axion Like Particle (ALP), Dark Scalar (S),

400 GeV/c SPS \ Heavy Neutral Lepton (N) /

proton beam
on dump module
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OUTLINE

» Experiment apparatus

» Precision measurements with kaon and pion
Q Kt->natyy ,n° »ete”

> Lepton Number and Flavor Violation searches
d Kt > nanue

> Hidden Sector searches with kaons and in dump mode
Q Kt->nat XX ->yy), A - €¢~ and X - hadrons

»> Conclusions

23.10.2024 BLOIS 2024




NA62 DETECTOR LAYOUT

NAG2,

[NA62 Detector Paper, 2017 JINST 12 P05025]

Detector layout optmized for the main measurement K* — n¥vv

— STRAW
S LAV M ti t t Hadron
OQ ] \ (12 stations) MUV],2 7 muon veto
X ] -\ ] Iron
1 H H H
: : GTK RICH i I8l Muv3 SAV
\l\e\N Beam | Target KTAG ~” Small Angle
m—) o - gy CCHANTH— Vacuom ;¢ o — ' Veto
: . . . ‘ HASC (2 stations)
1] RICH
] P Decay region (FV) "* Dump
- ] 105 — 180 m LKr
1076 mbar . .
4.5 x10'2 kaon decay/year Liquid krypton EM calorimeter
‘I_f)/ T T T T T T T T T T T T T T T T T T T T
0 100 150 200 250

Z[m]
NA62 Performance Keystones:
[ High-precision time measurements 0(100)ps timing between detectors

O High-efficiency and high-precision tracking O(10*) background suppression from kinematics

O High-performance particle identification system > 107 muon rejection

O Hermetic photon-veto system > 108 rejection of 7° from K* - n*n® decays
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NA62 DETECTOR

Primary beam from SPS:
< 400 GeV/c protons
Secondary hadronic beam:
> K (6%)/p(23%)/7*(70%)
& 75 GeV/c (+ 1%)

LAYOUT

NAG2,

[NA62 Detector Paper, 2017 JINST 12 P05025]

STRAW

£ LAV Magnetic spectrometer
< 2 Beam spectrometer Large Angle Veto (4 chambers)
Q 1 (12 stations)
. 1 GTK
\I\Q‘N Beam | Target «k1AG I
‘ 0] 1=y T —CHANTI————Yacuumm
! 1 2 3
-1
P Decay region (FV)
o D 105 — 180 m
107° mbar
4.5 x10'2 kaon decay/year
I — w —

Upstream detectors for K™ identification, momentum and directions
Fiducial volume 105-165 m from target 4.5 x 1012 kaon decays/year
Downstream detectors for K™ decay products

Hadron

CHOD calorimeter and
MUV1,2 muon veto
RICH ron
MUV3 SAV
‘ ~” Small Angle
g B
‘ H ASC (2 stations)
RICH
"* Dump
LKr

Liquid krypton EM calorimeter

T T T
100 150 200

<Kaon tagger KTAG

Cherenkov detector 70ps time resolution
<~Beam spectrometer GTK

Si-pixel stations for momentum and position

<>Anticounter CHANTI

veto detector

250
Z[m]

< Tracking STRAW Spectrometer 4 chambers + 1dipole magnet
<>Timing and trigger hodoscopes (CHODs)

<-Particle ID: RICH + Calorimeters (EM + hadron) + Muon Veto
<Photon Veto system (LKr, LAV, SAV) hermetic veto 0-50mrad

BLOIS 2024




NA62 DATA TAKING

> Runl 2016 (45 days), 2017 (160 days) and 2018 (217 days)
~2.2 x 10*8 Proton On Target (POT) collected in Runl
6 X 1012 K* decays

> Run2 2021 (85 days), 2022 (215 days), 2023 (150 days),
2024 ongoing and until LS3
Larger K™ sample expected
1.4 x 107 POT collected in beam dump (10 days in 2021)
One additional week in beam dump both in 202382024

. Integrated luminosity NA62 Run 1
0

2200 : : e
20002016 i 2017 2018
1800 : :

X

Protons on T10

1600 > Dedicate trigger streams to collect both single-track
and multi-track final state events, based on

hardware LO and software L1 trigger

1400
1200
1000

800

[Performance of the NA62 Trigger System,
JHEPO3 (2023) 122]

600
400
200
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PRECISION MEASUREMENTS

Additional analyses on precision not covered here:
K* - ntu*tu™ [JHEP11 (2022) 011]
Kt - n%etvy [JHEP09 (2023) 040]

23.10.2024 BLOIS 2024



Published results in
KT ->r"
/[ 4 4
» Crucial test of Chiral Perturbation Theory (ChPT)
> All results so far consistent with leading order O(p*) ChPT description

> Decay rate and spectrum determined by a single, a priori unknown,
0(1) parameter € pp. ¢ 1qit B386 (1996) 403]

m)Z/Y ownt of 7
» Decay described kinematic variable z = —5- o doto P! o
. me
x C
NA62 analysis details: exfrac

O Full Runl data sets
O External parameters from [Rev. Mod. Phys. 84 (2012)][Phys. Lett. B835 (2022)]
O Normalize toKt - ntm% % —» yy events Ny~5.6 x 101°

(PK+ _Pn'+)2
2

mK+
O NgPs =3984, Ny =291+ 14

 Backgrounds (validate in control regions with enhanced background and check
Data/MC agreement)
* Multi-y with merged clusters (e.g. K*¥ - n*n%)
« K* > n*n*n™ with 2 non reconstructed tracks

O Analysis performed in z = > 0.2 signal region

Phys. Lett. B850 (2024) 138513

300
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200F
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¢ ChPT O(p%)
K= vy t | JéIndf = 92.5/30
K — wtrtne 1 ++ p-value 2.7

1078

02 0.25
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03 035 04

4

description at NLO O(p®) is needed

300r
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250H
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Published results in

K + N 7T+yy Phys. Lett. B850 (2024) 138513

Results in the ChPT O(p®) description:
¢ = 1.144 + 0.077

BR chpro(ps) (K = m¥yy) = (9.61£0.17) X 1077

Model independent branching ratio summing over z bins
BRy; (Kt - ntyy|z > 0.2) = (9.46 + 0.20) x 10~7

x107%

AN A

= Data

.3|—ChPT O(p®) |-

dr/dz [GeV]
o
w

o
N
[$)]
T T

0.2F

0.15}

0.1

0.05[-

23.10.2C _ . ChPT O(p®) ¢

E787 (1997) | E787 (1997) |

31 events 3 — 31 events" o

NA48/2 (2014) NA48/2 (2014)

149 events 149 events

NA62-2007 (2014) NA62-2007 (2014)

232 events ‘ * 232 events } T

NA48/2 + NA62 2007 (201 4) | NA48/2 + NA62 2007 2014

381 events | _‘—: 381 events | ( ‘ ) ]

NA62 (2023) ‘ NA62 (2023

3984 events ¢~ 4 W | 3984 e(ventg I

| \\\\i\\\\i\\\\i\\\\ \\\\\\i\\\\i\\\\i\\\\i\\\\i\\\\i\\\\i\\\\i\\\\
0.5 1 15 2 2.5 5 6 7 8 9 10 11 12 13 14

B(K*— myy)x107

Good agreement
between model-

independent BR

and ChPT
description
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PRELIMINARY RESULTS M 52 )

0 + =
mwm —e e
BR(t° = yy) = 98.82%

» Measurement of a very rare decay of m° BR(mS - yete™) = 1.17%

> Measurement experimentally challenging due to presence of radiative photon in final state

» Important role of radiative corrections T
> Observable accessible by the experimets BR inclusive of final-state radiation
2
m Diagram considered in
0 +,— _ _ee g o
BR(m® — e"e™(¥) | x > Xcur) X = m2, theoretical predictions
: : : : T leading to BR(? — e*e™).
0 Dalitz decay nj — ye*e™ dominant in low-x region Variousgno N y(ny fransi’ric))n
0 For x > 0.95 only =~ 3.3% of ] enter the m° — e*e~(y) signal region form factors are considered

> State of the art so far (latest radiative corrections [JHEP10 (2011) 122] [Eur. Phys. J. 74 (2014) 8, 3010])

Experimental KTeV BR(m? - ete™) = (6.84 + 0.35) x 1078
Phys. Rev. D 75 (2014) 012004

Theory BR(m° » ete™) = (6.25 + 0.03) x 1078
Phys. Rev. Lett. 128 (2022) 112002

23.10.2024 BLOIS 2024 11



PRELIMINARY RESULTS M Ez

m° > eTe”

% 180_—NA6? Prel{m:nary S +iatin et e
> Large sample of m° available in NA62 via K™ - n™° decay E b I
% 14of—~~;~~' : -K*nn‘gj
> Dedicate multi-track electron trigger line & raof - S —
100:—-L» e
» Normalization K* - nte*e™ (same final state and trigger) soff T
Ny ~ 8.6 x 1011 0l
o 3-track final state with vertex in FV 8 1
o My 130 — 140 MeV/c? for signal "B
o Mee 140 — 360 MeV/c? for normalization S — E
. 2 ety ++i+, ] Hf
> Main backgrounds: 2 g-g** protg oS i A

5 H i H i i i i i ¥
“ K" —>mn'e e‘irreducible and flat in signal region 190 15T 132133 134 135186 Ae7 188 189 140

m,, [MeV/c?]
1402 observed candidates
[ Acceptance ~ 5.7%
o Maximum likelihood fit of simulated
samples to data to extract BR

) ) 0 Signal yield 597 + 29
BRpreliminary (T° — €*€7) = (6.22 £ 0.39)x107° O x%/ndf = 25.3/19 p-value= 0.152

/

“ K" > n™nj (n° - eTe~y) irreducible at high x tail,
or y conversion in STRAW Spectrometer
< Kt > ntadnd with two undetected e*

23.10.2024 BLOIS 2024 12



LEPTON NUMBER AND LEPTON FLAVOR
VIOLATION SEARCHES

Additional analyses on precision not covered here:
K* - m~u"u* [Phys. Lett. B797 (2019) 134794]
K™ - n=(m°)e*e*[Phys. Lett. B830 (2022) 137172]
K* > ntutet, m° - pu~e* [Phys. Rev. Lett. 127 (2021) 131802]
K™ - p~ve*e’ NA62Coll., Phys. Lett. B838 (2023) 137679]

23.10.2024 BLOIS 2024 13



Published results in
+ 0 arXiv:2409.12981
K — N l’l’ € Submitted to Phys. Lett. B

> Lepton Number (LN) and Lepton Flavor (LF) conserved in SM * e
» Observations of LN and LF violation clear signs of New Physics
> Several scenario for generating LNV/LFV in charged processes

[+

I ly

K™ - n*ei¢; LFV

K+ > m et (AL = 2)

u

LNV process mediated by process mediated by
Majorana neutrino (U) a leptoquark (Yo)
[JHEP 05 (2009) 030] [JHEP 12 (2019) 089]

Rich programme @NA62 in search for LN and LF violation

Dedicate multi-track trigger streams with electron and/or muon in final states
Analysis carried on with blind principle

Worlds leading sensitivity in many channels with UL 0(1071%)/0(10711)

K* > utut, K* > n (m%)e"et, Kt > ntute™, ° > pet, K* > pvetet

YV VVV

> First search for LNV decay K* — m°m u*e™ and LFV decays K+ - mon*utet
0 Normalization channel K* - ntete™ (BR~3x1077) 10975 candidates selected — Ny ~ 2x1012
d Full reconstruction of signal final state m° — yy in EM calo, 3 charged tracks with PID mpue

0 Background from single or coincidence of two K* decays, with mis-PID and/or m decay-in-flight (evaluated
with simulation validated in control samples)
23.10.2024 BLOIS 2024 14



Published results in M Ez
arXiv:2409.12981

Submitted to Phys Lett. B

K™ - nmue

& 174 Omer— s+ ~F+ —= Data & —
ke T T il 1 i | .o o0 o Oart st r—.. -+ Data wgrde TP Y N N T - D.
% 1 0 “ ﬂr n Ift e Ei‘_)x 7 7[[) § \ b 4 IL pl e I:I K 1 1[0111% § l‘ JI_ _) ]n-o n+ I,l e+ DK'afn'nono
i i s gy [} u u s ‘o'l (] N °
5 A S - -K’%'n‘[’)e'e' =10 S s E;ng;e- = 10g: HLJK e v oK '’
e e S S s [JK'=n’e'v+K' »n'n'n X ; Ly . H ] OK sy eK st 3, S
‘9 I:]K 7 MV#K -ttt ; ......... & other coincidences ; .........................................
R N D T 5 5
- e aEorrr a
1 0_l T 1 0‘1 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 10°
1 0—2 -‘_Lrl‘rl.r'_\_ 1 0_2 1 0—2 - N L
1 ' L1 |||||‘T_|L‘T|‘|“‘-LL||| | | O ) I I il -| PR St S TN NI RN SN | HRN SO
450 500 550 600 650 450 600 650 450 500 550 600 650

m(n’rp'e’) [MeV/c?] m(r°n*ure”) [MeV/c? m(n’n'u-e’) [MeV/c?]

O signal observed in the signal region 486 < mo,,, < 502 MeV/c? for all 3 investigated

UL on BR

> momputet 0.33 +£ 0.07 — ntm’ nD with soft y undetected, ™ — 2.9x10717
K* - nontute” 0.29 + 0.07 p*vDIF and e - m mis-ID 5.0 x 10710
+ 0,+ + + ot = wi — -
K* - nontu—e* 0.004 + 0.003 K* ~>mle v+ K" sminim Witha™ > v 5 4 q0-10

DIF and 1 1 undetected



23.10.2024

HIDDEN SECTOR SEARCHES

Additional analyses on hidden sector not covered here:
Kt > ntXX(X - ete”,X » ete™) [Phys. Lett. B846 (2023) 138193]
K* — e*N [Phys. Lett. B 807 (2020) 135599]
K* - u*N [Phys. Lett. B 816 (2021) 136259]
K* > u™vX, K* - utvvv [Phys. Lett. B 816 (2021) 136259]

BLOIS 2024 16



Published results in M Ez

K + N 7T+X Phys. Lett. B850 (2024) 138513

> Axion-like particle (ALP) search in a — yy channel (dominant final state for m, < 3m,)
> Direct by product of K* —» m*yy analysis

x10” 0 Peak search over m, = +/(Px — P;)? in the range 207 — 350 MeV/c?
— Observed UL . 2
B Exocted UL =1 in step of 0.5MeV/c
wwected Ll 0 In each mass hyp. background estimation with simulations
O UL on BR(K™ = n™a) assuming prompt a — yy (7, = 0)
O Sensitivity limited by K* — n¥yy background
— 107!

—_
N

—
[\S)

Expected UL +2¢

—
Iol

(@)
I

B(K*—n*a)xB(a—>yy) at 90%CL

i >
o | Results inferpreted in the BCl1 scenario= -
A ALP with dominant gluon coupling =

[Physics Beyond Collider project at CERN,
J. Phys. G47 (2020) 010501]

1073

of

_IIIiIIIiIIIiIIIIIIIIIIIIII
200 220 240 260 280 300 320 340 Exclusion limits in the parameter 1o

m, [MeV/c?] .
space coupling vs mass
together with NA62 results for L5
invisible a decays W Kt a,aoyy
S]\;I“ - — If) 1" Xiny
[JHEPO2 (2021) 201][JHEPO6 (2021) 93] 4 "@%--. [ ==&«-X
23.10.2024 BLOIS 2024 0 50 100 150 200 250 300 350 -

m, [MeV/c?]



NA62 IN BEAM Dump CONFIGURATION NAb2

THowastaas > 3.2m long Cu-Fe collimator (TAX)

2 i
AJIDSTHT m“‘ A \‘\-hw—' LS N A AL LA N RALLL

= ""“ _.;-_;;;’__a’___”a S > 19.6 interaction length

. o » X1.5 nominal proton intensity wrt kaon mode
» 1.4 x1017 POT collected and analyzed in 2021
> additional data collected in 2023-2024
» aim at 1018 POT before end of Run2

b #lll
-

400 GeV/c
protons

—_.l0

75 GeV/c

Target

KT, ', etc...
O LAV STRAW CHOD
| Target removed il MUV1,2
and TAX closed Iton
GTK uv3
Beam Dump mode Target  KTAG N —
Be target lifted and Tax S 4 e ' Sp CHANTH " Vacuur —_— — m——
collimator closed Proton 1 S0 S : ASC
beam RICH
______ J_/__,_Il Dump
BDmode pugy Y} - LKr
400 GeV/c CDATx
protons . . . .
— @ > Signal region of the search define in the plane
o Zoax 0 Zrax longitudinal position primary vertex
0 CDATax closest distance of approach between beam
251090, o direction (at TAX entrance) and track pair direction o




Published results in M Ez

, [
A - g"‘ P Phys. Rev. Lett. 133 (2024) 111802
JHEP 09 (2023)

60

Vv

> SM extension via vector portal Dark Photon A’
> New vector field feebly interacting with SM particles
> Free parameters of the model m, and Kinetic coupling ¢

©
o
S
—
N

- ! + -
50— A - ptp
ESR: 6 < ZTAX <40m &CDATAX < 20 mm

event observed —o.0008
‘ —0.0006

0.0004 -

io.oooz

60 70
Zipx [M]

|

0.001

CDA., [mm]

40

» Production mechanism
0 Bremsstrahlung: y*p — A'p’
virtual photon exchange between proton and nucleus
O Meson decay: 10
P - yA,V - PA" with V ={p,w, ¢} and ,P = {n°n,n'}

30

20

IS
IS
AN
X
€
hami
~
«®
e
[0
>
()]
“—
o
o
=]
=
Q
[$]
S
L

|II]||\[|\|[II|

%0 10

o

10

N
o
W
o
H
o
[6)]
o

> Dominant decay in ¢¢ pair for m, < 700 MeV/c?

+,- +,,- : :

e*e” and channels investigated e e A L AREE R =

HH g - 500 F A’ - e+e_ E =

- u ] 102 £

i i —400F SR:Ellipse centered around Zpy =23 m |3 N

> Blind technique 5 A00F SR Elbse cer lE »

. . . L =uUumm 4117

» Backgrounds data-driven and simulation = 300E " 111a-3E
<L SUUL 0 event observedi|310

i i ' & - 113 —

O Combinatorial dominant for u channel O 500k EIE =

random superposition of 2 uncorrelated halo pn - CR - 11043

. 100E CR = controlregion —

3 Prompt dominant for e channel - SR SR = signalregion S

secondary particles from p-halo interaction with I . N | TRBL: 10-5.C

material upstream or inside decay volume =50 0 50 100 150 _200
23.10.2024 BLOIS 2024 Ztax [M] )



Published results in M Ez

A ! — ,€+ ,g_ Phys. Rev. Lett. 133 (2024) 111802
JHEP 09 (2023)

> Exclusion limit at 90% CL in the parameter space coupling € vs myr . Single contribution g channel
> Region enclosed by the contour is excluded i | T oomciul
> Mass region 50 < m, < 600 MeV/c? e |
10-4L — A'-uu, exp. £1o _
A'> puy, exp. 20 3
(In published papers also ALP scenario is presented) 10k
10-6;— ‘
10-2 Combine results A’ — €+€ search ol ——
I|l|| I 1 1 I Illll |90°/°!CILIUILI ; g

Previous results

L L L L L |1 ]
102 103

—— NA62 A’ > l, obs. M,u [MeV/c?]

----- NA62 A’ - I, exp.
— A'=ll, exp. £10

T T i A1)
[y
o
&

104 A 1, exp. £26 . Single contribution e channel
——=- NA62 A’ - uu, obs. T S " eo%CLUL
Previous results
—— NA62 A’ - ee, obs.
----- NA62 A’ - ee, exp.
A’'—ee, exp. 10
10_4 A’ ee, exp. x20

10°°

* The grey underlying area is adapted by
PBC, originally based on Phys. Rev. Lett.
126 f2021) 18, 181801

llllI 1 1 11 1 1 11 1 lllllll

My [MeV/Cz] IS 2024 M, [MeV/c?] 20

1076

L llllll|,|,| L 1l

1078




PRELIMINARY RESULTS

X — hadrons é
> New Physics search with hadron final state

Dark Photon ntn ,ntn n’, ntn n°n°,

> Dark Photon A’ K*K™, K*K™m°
0 Bremsstrahlung: y*p — A'p’ Dark Scalar ntn,ntn nn°,
virtual photon exchange between proton and nucleus S K*K~
O Meson decays:

ntn~y,ntn n°,
ntn nn°, ntn,
Kt*K m°

P->yA,V - PA" withV ={p,w,¢} and ,P = {n° n,n'} ALP
a

» Dark Scalar
0 B meson decays: B+° - K+0(s Altogether 36 combinations of
production and decay channels studied

> ALP
- Primakoff (on-/off-shell o % 2 charged hadrons in the final state
- Mixing with pseudoscalar mesons P = m®mnn'} % full PID (calorimeter and RICH)
. RpL0 +,0,(*
0 B meson decays: B=" - K a % neutral cluster in EM calorimeter to

reconstruct y, m° and 7

< Vertex in FV and pointing back to TAX
Proven that searches are background free not only at

Npor = 1.4 X 1017 but also in the future full Run2
. beam dump dataset of Npgp = 1018 .



PRELIMINARY RESULTS M Ez

X — hadrons

v

Dark Scalar exclusion limit ALP exclusion limit
N ' ' D o ' ' | BciieowcLuL
% 107 4 >107°F Past experiments3
8 NA62 a - hadrons:
— —— observed
106 F 4 S10-6t - *lo 3
8 +20
@)
1077F BC4 90% CL UL = 1077¢ v
: Past experiments 3
L NA62 S - hadrons: - -
10-8L —— observed 1 1078k .
= — xlo 3 F
[ +20 ) i
1079 NA62 Preliminarys 10_95‘ Mg, | My myy II\JA62 Preliminary:
1 1 L L 1 | 1 1 l L ~ - - - -
10! 100 2x107t 10° 2 x 10°
ms [GeV/c?] m, [GeV/c?]

> 0 events observed in all control and signal regions
> Exclusion limit at 90% CL set on the parameter space coupling vs mass

Combination of all 36 productions/decay modes made through ALPINIST
23.10.2024 [Axion-Like Particles In Numerous Interactions Simulated and Tabulated, JHEP07 (2022) 094]



NAG2 [

CONCLUSIONS

> NA62 successfully completed Runl (2016-2018)
» Run2 data taking currently ongoing (from 2021 until LS3 at CERN)

> Rich physics programme to test the Standard Model and search for New Physics

J Precision measurement in kaon and pion decays

K" >ntyyand m° > ete”
J Lepton Number and Flavor Violation decays

K™ - nt°mrue
J Hidden Sector with kaons

Kt > "X (X - yy)
J Hidden Sector in dump mode
A > ¢, a— £*¢"and X - hadrons (X = A',S, a)

Many other analyses ongoing...
..and many new data are ready to be analyzed...
.. and to be collected until LS3!

23.10.2024 BLOIS 2024 23
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Number of clusters

Published results in M Ez

K T 1T+YY Phys. Lett. B850 (2024) 138513

My, Spectra for signal (left) 186”‘1 normalization (right)

2
: - Data : - o7 _ mx z*(|A(¢,2,¥*) + B(2) |2 +C@DI*) + | ¥? —1/1(1 m,2) | |B(2)?
400; * m |:|K+_) TE+'Y'Y 12: Fﬂw DData ayaZ 297-[3 T 4‘ S
E ‘ +_y e . K'—> n*no . . .
222 | | 1o Decay rate parametrization in ChPT framework from
- Ko e | F 1 [G. D’Amborsio, J. Portolés, Phys. Lett. B386 (1996) 403]
: + | ’
200; * 6: F Parameter E787 [4]  NA48/2, NA62 [5,6]  This measurement .
150F j i I Gym?, X 106 2.24 2.202 2.202 External paramefers used in
% ﬂ 4r a % 108 91.71 93.16 92.80 . . . .
100 b - j ay X 10° ~7.36 ~7.62 ~7.45 this OnGIYSIS and in previous
ol iﬁq 1, f } 2F | By x 10° —2568  —27.06 ~26.46 analysis
T TR0 N T o Y
240 460 480 500 520 540 ) 840 460 480 500 520 540 ) (SR 10: —0.47 -0.40 —0.11
Mery IMOVICT Mery MeVIET s o — [4] [Phys. Rev. Lett. 79 (1997) 4079]
O Background contamination in normalization < 107° | '._ [5] [Phys. Lett. B730 (2014) 141]
0 Select event in 440 < mnyy < 550 MeV/cz Estimated background contributions in [6] [Phys. Lett. B732 (2014) 65]

the K,,,, sample.

d Normalization z € [0.04,0.12]

. c Source Estimated background
-l Signal z € [0.20,0.51] . _ K+ = 2l 240 = 8., = 12, Background contributions
7000 _
: ——— Cluster size cut against «+- P 35 4 Ly = Loy
E . + +
6000r Data, merged clusters mu“’l-PhOfOﬂ baCkg round K" —»n'n'z 9 £ 2y
g K'> ', regular clusters -I-h d I .I. : K* > noe+v(y) 7 Lo
5000F e wWITh mergea clusrers In :
E m K'— n*n°n°, merged clusters E l .g 1- Total 291 + 8stat + 125y5t SYSfem Cl'l' l CS Sources
4000; @%‘ M calorimerer Systematic uncertainties for ¢, 3 and B,;(z > 0.2) measurements.
3000; & Source 8¢ SBx 107 8By (z>0.2)x 107
2000; Number of kaon decays 0.026 0.056 0.064
] u N Simulation of multi-photon backgrounds  0.016 0.034 0.026
000E & N Simulation of K;, background 0.001  0.002 0.003
Og . e 32«._ T BLOIS 2024 Limited size of simulated samples 0.014 0.030 0.018 26

Cluster size [mm] Total 0.034 0.072 0.072




Events / (1 MeV/c?)

Data / MC

oo _

0 + -
m — e e
Previous best measurement by KTeV

BRyrey(m? = ete™(y) | x > 0.95) = (6.44 + 0.25 0.22) x10~8
794 signal candidates with 52.7 + 11.2 background events

[Phys. Rev. D75 (2007) 012004]
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KTeV, PRD 75 (2007) 012004
Knecht et al., PRL 83 (1999)

180F

—— Data
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12160 candidates For normalization
Acceptance ~4.7%
Background < 1%

, Ng dominat by external uncertainty from BR

NA62
preliminary
result:
ncertainty
contributions

(6.84 + 0.35)x 108
(6.2 +0.3) x 108

Dorokhov and Ivanov, PRD 75 (2007)  (6.23 £+ 0.09) x 108
Husek and Leupold, EPJ C 75 (2015) (6.12 + 0.06) x 108
Hoferichter et al., PRL 128 (2022)

(6.25 + 0.03)x 108

BR(n® > e*e™| x > 0.95) = (5.86 £ 0.305,4 & 0.115y5, £ 0.19,,,)x107®

= (5.86+0.37) x 1078

W | BR(m° > ete”) = (6.22 + 0.39)x1078

6B [107®] | 6B/B [%]

Statistical uncertainty | 030 | 51
Total external uncertainty | 019 | 32
Total systematic uncertainty | o1t | 19
Trigger efficiency 0.07 1.2
Radiative corrections for 7° — ete~ 0.05 0.9
Background 0.04 0.7
Reconstruction and particle identification 0.04 0.7
Beam simulation 0.03 05 2/




K™ - nmue

-»- Data
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and pne electron)
Same trigger stream
Close decay
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m(n*e*e”) [MeV/c?]

470 < Mype < 505 MeV/c?
10975 candidate observed
Background contamination 0(1073)

Jﬂ

550

Normalization channel K* - ntete™
Similar final state (3 tracks with one pion

Published results in

arXiv:2409.12981

Submitted to Phys. Lett. B

Background mechanism considered

DIF = decay-in-flight
Direct = no mis-PID involved

NAG2,

Background source B m0n~putet w0ntp—et mOrtute”

Kt — ntn07Y 41x107% e =71 e —=pu- et—=atoret—put
Kt — )y (EX>10 MeV) 78x107%| e =7~ e —=u~ et—=satoret—put
Kt —» ntnlete 42x1078 | e- w7~ e = pu- et—oatoret—put
Kt — ndutvy (EZ>10 MeV) 74x1077| e~ =7~ - et =7t

K+ = n9nQutv 79x1078| em > 7 - et -7t

Kt — 7t7070, 70 — ete~ 26x107% e~ =7~ e —=u et—atoret—put
Kt > ata0 + Kt > ntnta— 1.1x1072| 7t et 7t et T~ —e”

Kt - ntn0720 + Kt s rtrta™ [1.0x 1073 | 7t et 7t —et T e

Kt > n%etv+ Kt »rtate— |28x1073| «+t DIF 7~ DIF T e

Kt -mutv+ Kt wrtata™ [1.8x1073| 7t et 7t —et T —e”

Kt s atnd + Kt — ptv 1.5 x 1073 - - et =y

K+t > atad + Kt — ntn0 50x107% | e~ =7~ e = pu” 7t DIF

KT - atr%d + KT — utv 26x107%4 | e~ =71 e = pu” direct

Kt = ntn%8 + KT — 770 83x107°| e~ =7~ e —pu” nt DIF

Kt - 7% v+ Kt — ntnl) 80X10°| e~ =7~ e —=u” direct

Kt -5 mnlutv+ Kt — ntn0 80x105| e~ =71~ e —pu” direct

Kt - atn%7% + K+ — 7t 42x107° | e > e —pu 7t DIF

Kt s ety + KT — nluty 20x107°| e~ =7~ -~ et > nt

Kt —»metv+ KT — nluty 20x107°| e~ =7 - et -t

Kt 5%t v+ KT 5 atn%)  [14x1075| e~ w7~ e —pu” direct

Kt 5%y + Kt — aduty 1.3x107°| e > 7~ - et -t

Kt s> mdutv+ Kt - atn07n0  16.8x107¢| em—wa~ e —p” direct

Kt wrtnetv+ KT - mOuty |1.4x1076| direct 7~ DIF T~ —e”

Kt = n9% vy + K+ 5 ntntn= |14 x107%| =t DIF 7~ DIF T — e

28



LNV&LFV STATE-OF-THE-ART

NA62 searches with Runl data

n®—p*e (BNL)

102

23.10.2024

10—11

10

-10

10°°

Upper limits of decay BRs at 90% CL

Kt > n etet
K* - o utu*
K* - npute*
K+ - ntuet
Kt ->nnlete?
Kt ->nn—utet
Kt > n°ntu-et
Kt ->nntute”
Kt > uvetet

70 - u~et

5.3 x 1011
4.2 x 10711
4.2 x 10711

6.6 x 10711
8.5 x 1011
2.9 x 10710
3.1 x10710
5.0 x 10710
2.1x1078
3.4x107°

BLOIS 2024

Phys. Lett. B 830 (2022) 137172
Phys. Lett. B 797 (2019) 134794

Phys. Rev. Lett. 127 (2021) 12, 131802

Phys. Lett. B 830 (2022) 137172

arXiv:2409.12981
Submitted to Phys. Lett. B

Phys. Lett. B838 (2023) 137679
Phys. Rev. Lett. 127 (2021) 12, 131802

l

Plusblished results

NAG2,

factor ~12

factor ~2
factor ~12

factor ~8
first search
first search
first search
first search
factor ~250
factor ~10
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K+ D, ¢
% .
n inv
> Search as a direct by product of m° — invisible analysis
> Signal in 110 < my < 155 MeV/c?

> Main background m° — yy rejection ¢ = (2.8%37)x107°

Ty =

T =5ns

y=2ns 1, =1ns

+
y
o
o
L LU 0L L AL AL ]
R R L R L R L R L

1, =500ps 1, =200ps t, =100 ps

-
0.11

R B
0.13

o015 016
m, [GeV/c?]
107

P
0.12 0.14

>
=]

1072

Hidden Sector scenario
from

Physics Beyond Collider

project at CERN
[J. Phys. G47 (2020) 010501710

1073

[JHEPO2 (2021) 201]

BR(7° - inv) < 4.4 x 107°
@ 90% CL

Limits on BCIO scenario
(ALP with dominat fermion coupling)

23.10.2024

m, [GeV/c?]

Published results in

JHEP02 (2021) 201
JHEP 06 (2021) 93

NAG2,

» Search as a direct by product of main K™ — w*vv analysis
> Signal in 0 < my <110 MeV/c? and 154 < my < 260 MeV/c?

> Main background is K* — m*vv,

1S 2C

sin%0

10_10 :=( E’:/:;:i—_/_>

[JHEPO6 (2021) 93] S ool

NA62 Runl results vs my S

for different X lifetime & "¢
£ b
=
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P I

i
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a— ¢

ALP search

» Production mechanism:
B meson decay: B - K(*q

> Model independent
approach: assume mass
mg, lifetime 7, and coupling
to be independent
parameters

> BR(B — Ka)xBR(a —
¢¢) vs 1, for each mass
separately

23.10.2024

Log10(BR(B - K™Ma) x BR(a—-u*u~)), 90% CL

Log10(BR(B —» K(or K*)a) x BR(a—e*e™)), 90% CL

|
o
=)

|
o
IS

|
o
©

|
~
[N)

-7.6

Published results in

Phys. Rev. Lett. 133 (2024) 111802

JHEP 09 (2023)

/[ 74

Vv

pchannel

M,=220 MeV/c?

|
~
—

M,=240 MeV/c? |

T

M,=260 MeV/c? ]

LA B | B S B S R B B R

M,=280 MeV/c? |

| LHCb
CHARM CHARM CHARM CHARM
—— NA62, 1.4 x 10%7 POT | —— NA62, 1.4 x 10'7 POT | —— NA62, 1.4 x 10%7 POT | —— NA62, 1.4 x 10'7 POT |
L | " L L f | f ' L L f | ' L L " I L ' ' L | ' L s L | L L " L L | L L L L | f L L L
2 3 4 2 3 4 2 3 4 2 3 4
Logio(Ta) [ps] Logio(Ta) [ps] Logio(Ta) [ps] Logio(Ta) [ps]
e channel
T T EAEEENENEEEE [T " R rmrr ] [Trrrrrre T R [ L L Jru—uuy
CHARM | CHARM | CHARM |
= M,=10 MeV/c? - = M,=800 MeV/c? -
I i NA62, 1.4 x 107 POT |
NPT BRI BRI B S S SRR B BT B SR D SR B Lo o b o by ol PR o A R EE RS rararardl
0 1 2 3 4 5 2 3 4 5 0 1 2 3 4

Logio(Ta) [ps]

Logio(Ta) [ps]

Logio(Ta) [ps]

> 31
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PRELIMINARY RESULTS M E 2

Example signal region for A' > t¥n~

SR: ellipse center {Z1ax, CDATax} = {23m, Omm},
semi-axes of 23m and 40mm

CR: CDATax < 150mm and —7m < Ztax < 53m

X — hadrons

Background sources
» Combinatorial data-driven event overlay (negligible)

» Neutrino-induced: GENIE+PY THIA+GEANT4 (negligible) = 200 _ R

> Prompt: data-driven+GEANTA4, inelastic interaction of halo u E, 180 - ESwiitonls | B
(< 107* in all channels) < 160 S Elefzy:BR(_A%/fﬁ)ﬂ 10

> Upstream: data-driven+GEANT4, particles selected by the = N T PR ST

GTK achromat:
0 Upstream interactions (veto by ANTIO and vertex)
0 K candidates (30 window around my kept masked)

0 K*-induced background (simulated using selected single
K*tracks forced to decay in K¥ - n*n*m~in FV)

>
Events /[0.5m x 1 mm]

p—
]

(I -
R
S T
o . AN
R .
_||| 1 |||||||| 1 ||||||-
[

220 0 40 100
z
Channel NeXp,CR + 5NeXp,CR Nexp,SR + 5Nexp,SR Ngl)>s5§R N5b>S5SGR—|—CR rax (M}
T 0.013 + 0.007 0.007 £ 0.005 3 4 Summary of background
Ty 0.031 £ 0.016 0.007 £ 0.004 3 5 expecteation (68% CL) for
T (1.3%% 4) x 107 (1217 3) x 10~7 1 1 each final state and
7T+7T 7.‘.071.0 (16+ ) % 10—8 (1 6+ ) % 10~ 8 1 1 minimum number of
T (7 312'7.0 % 10-8 (7 O+26.2 % 10-8 1 1 observed events for a
o E n 7+?517) 10-7 4 6+§522) < 10-7 ) X bgckgrgund—only p-value
. above 50

KYK—7% | (1.6133) x 107 (1.513:3) x 107 1 1 32




Published results in M Ez

K TS Tl'+ [,l+ [,l_ JHEP11 (2022) 011

» Model-independent BR » ChPT form factor parameter
« BR(K* > wrptu~) = (9.15 + 0.08) x 108 - a, =—0.575+0.013, b, = —0.722 + 0.043
 Improvement by a factor >3 * Compatible with previous measurements (as
* Consistent with previous measurements expected by LFU) in uu and ee channel
BN Convalvale and ol emors o Qs T T e e i
Statistical+systematic errors ) B 68% CL contours: I
———— Statistical errors only g - NA62 (rtuu)
——— PDG average (2022), without NA62 result < -0.6— AN NA48/2 (o)
= i NN | NA48/2 (nee) |
— —_ E787 (1997) o 5 ..\ \ | —— EB865 (nee) (stat. only) {
207 events ) i i
E865 (2000) g 07r B
430 events " a £ - i
(@] - ]
L 0.8 \ —
HyperCP (2002) - . i
110 events H H - i
NA48/2 (2011) ~0.91- .
3120 events - B i}
NA62 (2022) 1 .
27679 events - B ]
||III|I||I|||||||II||III|||||||III| | |
4 5 6 7 8 9 10 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | |

23.1( B(K* — m* u* ) x 10° BLOIS 2024 -0.64-0.62 -0.6 -0.58 -0.56 -0.54 -0.52 -0.5 23

Form factor parameter a,



Published results in

K™ = 11le™ vy JHEP09 (2023) 040

Ve Ve
> Decay described in ChPT as direct emission, inner < : % °+
bremsstrahlung and their interference W e W e
> BR strongly depends on E, and 6., cuts in K™ rest frame %\" d _@W Y
> Three kinematic regions considered
BR(K* - % vy | Ej, 9(!'),) Direct T Inner ™
Rj = BR(K® = %e"v) Emission Bremsstrahlun
g

» Test of T-conservation via T-odd variable

_ Dy (De XPr) A, = Ne=N-
= m3 ¢ 28 T NN
+ —_
State of the art:
5. Oey O(p®) ChPT ISTRA+ OKA
[EPJ C 50 (2007)] [PAN 70 (2007)] [EPJ cs8l1 (2021)]
Ry X 107 E, > 10 MeV, Qefy > 10° 1.804 + 0.021 1.81 +0.03 £+ 0.07 1.990 4+ 0.017 4= 0.021
Ry x 102 E, > 30 MeV, 0., > 20° 0.640 £+ 0.008 0.63+0.02+0.03 | 0.587+0.010+0.015
R3 x 102 E, > 10 MeV, 0.6 < cosfle, < 0.9 0.559 + 0.006 0.47 +=0.02 +=0.03 | 0.532 4+ 0.010+0.012

NA62 measurements of R; smaller than O(p®) ChPT by 5% relative (disagreemenr: 3 standard deviations)
Improvement on experimental precision of R; measurements by a factor > 2

range 1 range 2 range 3
R x 10° | 1.715 4+ 0.00544t £ 0.0105,5; | 0.609 & 0.003gtat &= 0.006syst | 0.533 % 0.0035¢at £ 0.0044y 5t
. Ag¢ x 10° —0.1 £ 0.3stat = 0.25yst —0.3 £ 0.45tat = 0.3gyst —0.9 £ 0.5g¢at = 0.4gyst 5




K+
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+ NAG62 Coll., Phys. Lett. B 807 (2020) 135599 (e channel)
% —g N NAG62 Coll., Phys. Lett. B 816 (2021) 136259 (u channel)
1 T l /1
- [arXiv:2201.07805] s - [arXiv:2201.07805) s
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NA62 results:
> |Ueq|? UL O(1077) complimentary to search form* — e*N
> |Us|” UL 0(107) complimentary to search for m+ — u*N
> Muon channel extension:
- K" - p*vX scalar or vector withmy € 10 — 310 MeV/c? UL 0(107> — 1077)

* BR(K* - p*vvv) < 1.0 X107° @ 90% CL  NA62 Coll., Phys. Lett. B816 (2021) 136259

BLOIS 2024 35



