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The NA62 experiment at CERN

A fixed target experiment at the CERN SPS dedicated to the study of rare decays in the
kaon sector. Currently in NA62: ~300 participants, ~ 30 institutions from 11 countries

Main NA62 goal: BR(K"— " vv) measurement to 15%
precision using the decay-in-flight technique.

Searches for hidden sectors and lepton flavour violation in kaon decays This talk
. . . . cu ta‘k
Searches of exotic decays with NA62 in beam-dump mode gee S Ghines
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NAG62 timeline and datasets

v Run 1 (2016-18): N ~10" useful K+ decays xmBun 1 lntegrated. luminosity

with the main trigger E i R
- Sample 2016 (30 days, ~1.3x102 ppp): .- | o S
2x10!" useful K* decays e
. ~1.9x1012 : e E 5
§ :lllz)ll)ieuzsgi%zl (I?—Odizg;’s 19107 ppp): 1:2:;: ~2§,2 x 10" POT colleécted
 Sample 2018 (217 days, ~ 2.3x10!2 ppp): wof- '
4x10'2 useful K* decays e
v Run 2 (2021-...): in progress (up to 3x1012 wof-
ppp), approved till LS3 e T T e A T e

20 2016 2017 - 2018 2019-2020

Pil Commissioning+  Physics Run LS2
Physics Run
¢ J \ J
Y
Run 1 Run 2

Currently: ~2x1018 pot/year, ~5x1012 K* decays/year
Beam-dump mode: 4x10'7 pot collected so far
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NAG62 layout

Fiducial volume: 60 m O(10-%) mbar
~4 MHz of K* decays

Beryllium I

e Do THIDCANL

target

SPS proton beam

400GeV/e L o e e

3 x 1012 PoT/spill Secondary beam

4.8 sec spill 75 GeV/e, 1% bite, 60 X 30 mm?
K*(6%)/m* (70%)/p(24%)
Beam rate: 600 MHz

0 100 m 160 m
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NAG62 layout

KTAG
Kaon identification
Differential
Cherenkov detector, M
c.=/0ps
GTK:
Kaon tracking UL
Si pixel, 3 h
stations, 6=100 kv Spectrometer for
ps, 6,/p=0.2% downstream particle
tracking: 4 straw-tracker
stations, 6,/p=0.3-0.4%
| | | g
0 100 m 160 m

> Kinematic reconstruction: M%,;;=(Px — P;)%, 0,2 =10"3GeV?¥c*at K* - n*n®
miss

» Time resolution to match beam and daughter particle information: ~100ps
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NAG62 layout

RICH
RICH detector with Neon at 1 Atm

for p/n/e separation LKr Jron wall

Tt (]

I~

) - e e — 1B
- _ﬁ L L ol L
e e e e e e e e ->
FV
| | | .
0 100 m 160 m

> PID detectors to suppress bkg with u*or e* in the final state for the main analysis: y
vs 1T rejection of O(107) for 15 < p(r*) <35 GeV
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NAG62 layout

Large Angle Veto (LAV)

12 stations with lead glass blocks
Covering angles 10 <6 < 50 mrad

— {h """""" Bl
D - LKr calorimeter
kv 27 X, thick quasi-homogeneous
LKTr electromagnetic calorimeter
detects photons in 1 <0 < 10 mrad
| | | g
0 100 m 160 m

> Photon vetoes to suppress bkg with 7° in the final state for the main analysis: 108

rejection of ° for E(rr°) > 40 GeV
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NAG62 layout

_ MUVO
£
< 2] STRAW CHOD
LAV
1 : : : Iron
:[RICH
| Target  KTAG .- IR SAC
0 - = = CHANTI sl
] '- HASC
1 RICH
NRrC Dump
-2 LKr
‘I_” 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]
Performances

v Excellent time resolution (100 ps) to match beam and daughter particle information
v" Kinematics: rejection of main K modes 104 via Kinematics reconstruction

v" PID capability: g vs  rejection of O(107) for 15 < p(mt™) <35 GeV

v' High-efficiency veto: 108 rejection of ° for E(?) > 40 GeV

[The beam and detector of the NA62 experiment at CERN, 2017 JINST 12 P0502
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NA62 Kt — vV result - Run 1

Signal: BR = (8.4 £ 1.0) x 1071

K™ track in, 7+ track out
No other particles in final state

m12niss = (PK - Pn)z

-0.02

-0.04

0.12

+ Data

SM K*—>mttvw

0.1
0.08

[GeVZc*

miss

2

0.06
0.04

0.02

i

—-0.02
-0.04

L . . . P R L
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I T
40 45

7t momentum [GeV/c]

- =R
e~ _| 2
e Control regions] |5 10
- regio_n
T 10
B 1 1 | 1 1 1 1 | I-I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 10 20 30 40 50 60 70

nt momentum [GeV/c]

JHEP 06 (2021) 093

NA62 Run 1:

Expected SM sig: 10.01 £ 0.42  + 1.19,
Expected bkg: 7.031195 evts

20 events observed

[BR(K+ - V) = (10.639 |star £ 0.955) X 10711 (3.4 significance) ]
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K*->n"X, :aK" > w"vv spin-off

JHEP 06 (2021) 093

* Signal regions R1,R2: peak search for
K* —» ™ X (X =invisible), 0 <my <110
MeV/c?and 154 < my <260 MeV/c?.

* Acceptance scan over my and Ty

* Main background: K* - t*vv

2018 data

+ Data

K'—n've

9319‘ 10° ;* K'—ptu(y) LK =y, it~ €
E ; | K'=n'n® K'—=ntaly
2 L K'—srn'm K'-sn'me'y
5‘ 10 g | E DUpstream %%Totalbackgmund
S - ° — Model
2 10 “ f i Region 2 T i
£ 1 #f# IR Y
= Bl
= 4 H
ST B | TR i
10—2 ;_ | | |
: I I |
10-3'|.H|..||Hml||‘|..
002 0 002 004 006 0.8
m2, [GeVZ/e?]
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BR(K"*—n*X) at 90% CL

UL on BR(K*—r*X) at 90% CL

Long-lived X or X — invisible

037
T —— Observed UL
I~ ---- Expected UL
025 :10
B + 20
021
0.15 -
0.1
R
0 i 1 1 1 1 I 1 1 Il ‘ Il 1 Il 1 ‘ 1 Il 1 Il Il 1 [l 1 1
0 50 100 150 200 250

1078

10°°

10—10

10—11

‘I-I‘I\ILH\|

my [MeV/c?]

"
/! t=100ps

‘

t =500 ps
t=1ns
1=2ns

— NAG62 1=5ns
g_ -- E787I|E949 I T=® | I |
0 50 100 150 200 250

my [MeV/c?]
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0

Kt > ntn’, 7’ - inv: a Kt > vV spin-off

JHEP 02 (2021) 201
0 y 7 7 3 + 0 3 10_6:
—) o = 3
Sear(?h for invisible in the T™ " region RN Restricted
(~10% of Runl data): ) i region used
ot 107 .
N egllglbl(? SM rate (7 —>. 4v) 5 + for this l
* Observation = BSM ph)(’)SlCS. ) B search l
« Rejection of K* -» % (y), ¥ - yy decays: e
simulations based on single-photon efficiency B
measurements with K* — m*n? decays W
0 . 10+22 : i
* Expected m~ — yy events: 10-g“, events T e = (28533 x 107°
observed: 12. 10520 % 30 35 40 45
m* momentum [GeV/c]
2018 data
vr\ +Dala K'—n*vi
N‘si K'—utv(y) K'=uty, ut— e UL at 90% CL Of BR(K+ —
> "mtn® sl
8 i'an*u*n' :ax*n'e*\« ; T[-I-X ) Vs mX
g E Upstream %ﬁ Total background !
< ° Model
e € Region 2 !
Z T I
bop
= L
k- ]
210" o et
I !
B | X
10 | | % 0 Ty = oo T, =5ns T,=2ns T, =1ns
10
10 L [ LUK, el o T, =500ps 7, =200ps t, =100ps
002 0 W2 0 006 048 SRR R KT R X TR X I e
m?,, [GeV7/c'] m, [GeV/c?]
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Kt - wt X searches

0

Limits on BRs for K* > n*X,  and K* - n*n®, n®

for hidden-sector portals
Interpretation shown here: dark scalar below the K mass

, T~ — Inv translate to parameter space

1072

- Kt o natn®, n® - inv
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Rept.Prog.Phys. 86(2023)016201
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Hidden sectors with KT > mte et e” e™

v SM decay: BRgy (K p40)=(7.220.7)x10""! [Husek, PRD106 (2022)]
v" Channel with pair production of dark mediators K* - t*X(— e  e*) X(—» e e*):

QCD Axion Like Particle (ALP):
Explains the “17 MeV anomaly”
atomic nuclei

s Expect Kt - mwtaa >2x1078 for
m_=17 MeV. [Alves, PRD103 (2021)
055018; Hostert and Pospeloy,
PRD105 (2022) 015017]

for x__
K+
- a

Prompt dark cascade process:

Scenario involving a /
dark scalar (S), and K”; A
a dark photon (A’) s ~-
with masses mg >

2m,, (Phys. Rev.
D105 (2022)

015017)
ﬁ For the SM decay, \ e Short-lived
3 o4
BRyw(Krae) < 1.4 x10° at 3 i QCD ALP
90% CL Fasf
v’ Upper limits at 90% CL are g \
obtained at the level of 10 a.s N
for the BR of the two prompt | £ | \\\ :
decay chains involving 1 N oo /7 Prompt
hidden-sector mediators. 05/ S 505 // dark
v QCD axion is excluded as S S P S DU DO O MM cascade
. 20 40 60 80 100 120 140 160 20 40 60 0
\explanatlon of the 17 MeV/ Axion mass [MeV/c’] A’ mass [MeV/c]
anomaly PLB846 (2023) 138193
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HNL production at NA62

> Numbers of K* decays in fiducial volume: Ny = 3.5 X 102 in e™ mode; Ny = 4.3 X
10° in u* mode

> Squared missing mass m>,;.c = (Px — P;)? using STRAW and GTK detectors

» HNL production signal: a spike above continuous missing mass spectrum

)

T‘q 109 = e, Data
T8 _ g _ I Koptvly)
g __________ 4EA : 1084 ! 1 (non-Gaussian tail)
o b e - andidates | [ 1K —uviy)
8 .......................................................................................... 1 - T I [ | Ko
E. .................... 0 = | [ K oautv
@ 6 - [ Uncertainty on the
E_I 05 10 E_ .......................................................... ES‘imatEd baCkgruund
%’ ........ B g g
T A = e 2 105 gl B _HNL search |
"  region
.......... 1 04 E_
104 10:3%— ...................................
| 1028
B | | | | | | | | | | | | ]_
0 0.05 0.1 0. 15 0.2 -0.1 -0.05 0 0.05 , 0.1 ) 04.15
r'n|ss [GEVE”C ] Miss [GeV</cT)
PLB 807 (2020) 135599 PLB 816 (2021) 136259
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HNL results

L T

Michel

electron

L 5 | E ; .
107 PIENU = 10 PIENU £
: T N = |
i - __-'j 10~ —]
= |

Muon coupling | 7
1012 10-12

1072 107! 1 1072 107t 1
my [Ge\f’] my {Ge\r"]
Prog. Phys. 86 (2023) 016201

5191

For |U,,|%, complementary to search for t* — e* N at PIENU.

For |U,,%, complementary to search for K™ — pu™N at BNL-E949.

In both cases, complementary to HNL decay searches at T2K.

Future pion experiments might reach the seesaw bound.

With slight modifications to the K* — u*N analysis, upper limits at 90% CL on

BR(K*" — u*vX) - with X a scalar or vector mediator in the mass range 10-370 MeV/c? -
from O(10-5)for low m, values to O(10~7)for high m, values. Also a 90% CL upper limit
at 1.0 X 107% on the BR(K™ — u*vvv) is obtained - PLB 816 (2021) 136259

DN NI NI NN
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Search for LNV in K™ - = (t))e*e™

* Whole NA62 Runl data Signal m(@rnlet e*)
set analysed. region

« K" >mtete as % Eﬁ?fe;wg 2 LBz
normalization channel. = ||[Bk S I eoromev | Signal

* K" decays in the FV: g e E - S;:;:g? region
(1.01520.032)x1012 £ G g

* Invariant mass m(t~"e” a - | E10Mev
et) and m(r et e™) ® 102
used to select signal. - Jﬂ[

« K" >mete": (LKr+ . 107
RICH)-based e* ID to b : n
suppress m Dalitz decay ;- SSRISIRCHECINniN 1l /NSl Rell)
and KT - e e~ with m(r e*e’) [MeV/c?] m(m n’e’e*) [MeV/c?]
n*—e* and e”/m” misID s ~ ~

e Kt > m mletet:n Exp. background:0.43+0.09 evt | Exp. background:0.044+0.020 evt
reconstructed in LKr Candidates observed: 0 Candidates observed: 0
calorimeter via the n'—yy | BRK Tomet et )<53x101" | BR(KT > me e )<8.5x10 10 at
decay. L2t 90% CL A90% CL P

PLB830 (2022) 137172
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03/09/2024

Search for K™ > m u*u* and K* - u"ve'e*

% ENA62 —»—Data
:a-l 0°E [ K—=n'nn
s L I K —»mtaptv
:_1 o K —=n'rety
> 0 = 1K »afup
r= C ] K+_H'.L+V.“+p'_ (x10)
210° L
W E -
102:_ Signal
- reégion
10 !
1t
1078 1%
10— i A TN T T ) T O O O n ‘!1‘1 |II

380 400 420 440 460 480 500 520
m(m 1 t) [MeV/c?]

(Exp. background:0.91+0.41 evt b
Candidates observed: 1
BR(KT > m utut)<4.2x10 1 at 90%
\CL y

PLB797 (2019) 134794

M. Mirra

o —— Data %
Lol OK - |

m‘l 0 — + Fam— ot

¢ K —-nne'v |

S5 HEK—nnl

o [[[OK'->rn'e'e

-l‘ﬂ F T PO U PPP TR

[

4

w10

-0.02 001 O 0.01
[GeVZic’

mISS

Squared missing

mass, (P P Pel P,,)?

0.02 003 0.04 0.05

(Exp. background:0.26+0.04 evt
Candidates observed: 0
BR(K™ - u~vetet) <8.1x10 1 at 90%

\CL

~

_J

PLB838 (2023) 137679
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Search for K™ - mue decays

10° Ez | ¢ Data

©
% B K-t
=1 04 E K'—n*n-e*v
:J: - B K—ntnuty
210°F Bl < —rete
o - B K—uivete
L 1 02 :E K+ﬁn+l1+ll’
- K'—evutu
10 = Total uncertainty
107"
J 0_2 E 1 1 11
s 1O
3 14c
g 125
a
0.8 , :
06 SRFOTRITS TR b P B ................. ............
04 S N N N Y } B T | B T A |I (| ; :l B i B I |\ a1
30 350 400 450 500 550 600 ,
M, e (MeV/C?]
\

(" .
K* decays in FV: (1.33+0.02)x10!2
Exp. background:1.07+0.20 evt
Candidates observed: 0

\BR(K" - m~u*e") <4.2x10"at 90% CL
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10° ¢ Data
B K —>rtntne
©
=10 K'—mntmety
K'—=muu-

Events / (4
o
w
[

LFV m(ttu—et)

4 H o
Bl K —ne'e] .
B K —rtnuv

K*—e*vutu-

Total uncertainty

107"k
102, Lo,
% }2 S S SN SO S
= 1.2E
o iE
0.8
0.6 : , ‘ ] ‘ ;
0.4+ vt -1 ol o e o S R e e i oy
300 350 400 450 500 550 600,
m...e [MeV/c]
4 )
Exp. background:0.92+0.34 evt
Candidates observed: 2
BR(Kt >t u e*)<6.6x10"1at 90% CL
\BR(t? - p~e*) <3.2x101°at 90% CL

PRL 127 (2021) 131802
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Search for K* — nmue decays

Events / (4 MeV/c?)
o

—

107"

107

—e— Data

K o

K - ay

WK —n're'e

K =% v+K'—»a'n'n

signa| [TK —»nuv e K = n'n

region

Jtiiﬂfbpi
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m(rn’n pure’) [MeV/c?]

Events / (4 MeV/c?)
Q

—

107"

1072

m(r’ntu~et)

Expected

—a— Data
K —snx’r
K —=ae'veK'—m'n'a
Signal
region
PJﬂjHF‘JLIjﬂIHn,U
4 ipnqy
1 1 1 1 i;'_r:—ul ‘ 1 1 Il 1 | Il 1 1 1 | 1 1 1 1
450 500 550 600 650

background

m(r’r*u-e*) [MeV/c?

Observed

candidates

-
o

Events / (4 MeV/c?)

—_

107"

1072

[ K '
K —rny
K —n'nlete
Crel K =nutv K —a'an
9 lfgl al & other coincidences
llregion

ot

L —
11

| 1 1 1 | | | | I 1
450 500 550 600 650

m(n’rpe”) [MeV/c?

Upper limit of BR
at 90% CL

K* - n®nute*
K* > nntu et

K* - nntute

0.33+0.07
0.004+0.003
0.29+0.07

0
0
0

New results to be published

2.9x10710
3.1x1071°
5.0x1071°
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v" The NA62 collaboration is continuing to fully exploit the data collected during Run 1 in
2016-2018 and it has the opportunity to directly search for a plethora of hidden sector
particles and LNF/LNYV decays in kaon physics

v' NA62 LFV/LNYV programme: stringent limits on 10 decay modes

v" Searches for hidden sectors in kaon decays at NA62 address a range of PBC benchmark
scenarios
« K* - m*X,,, : dark scalar and ALP
« K* — [*N : heavy neutral leptons
« Non-minimal scenarios, e.g. K* - ntaa.

v" NAG62 at CERN is collecting data from 2016 till at least 2025
«  World’s largest multi-purpose sample of K* decays
 First measurement of the ultra-rare K* —» m*vv decay

|

A% A%
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