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2 Short introduction on NA62 experiment

2 Three recent results on searches for feebly interacting particles
2 K+ — mt+X, X — invisible with the full 2016-2018 data
2 K+ — mttmt0, m0 — invisible with 2017 data

» K+ — u+vX, X — invisible with the full 2016-2018 data
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NA62 Collaboration

~ 200 participants
Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairtax (GMU), Ferrara, Florence, Frascati, Glasgow, Lancaster, Liverpool, Louvain-la-

Neuve, Mainz, Moscow (INR), Naples, Perugia, Pisa, Prague, Protvino (IHEP) , Rome I, Rome II, San Luis Potosi, TRIUMEF, Turin, Vancouver (UBC)
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Jura Mountains

The main aim is the measurement of
BR(K+->mt+vv)
with a precision better than 10%
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Bis ] | data in 2016-2018
Ready to start the new data taking
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Features required for the BR(K+ — mt+vv)
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NA62 Apparatus VAb62 ,
Final states described in this presentation:

1 downstream track and nothing else STRAW: Downstream tracking IRC, SAC: lead and

scintillator plates
RICH: Ring imaging Cherenkov Shashlyk

LAV: photon veto at large angles lead-glass blocks

kinematics and particle ID configuration
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“Invisible” feebly interacting particles

NAG2 {

>

on
NA®62 is competitive in the search for FIPs at some parameter space k=
o , . . High energy frontier
M High intensity beam => 6 1012 K+ decays in 2
fiducial volume collected in 2016-2018 *Z-)'D
=
r NAG2
. Log(Mass of the new particle)
Outline:
Searches for a new exotic particle X produced in Kaon decays through detecting missing mass: [Also lifetime T is an
* X decaying to invisible particles (neutrinos or dark matter) important parameter]

* X So long-lived to escape the apparatus

Signature: 1 track and missing mass
o AL
> K+ — ttX, X — invisible with the full 2016-2018 data NN
i K+ — 70 (Or X With myx~ m'T[O)/ X/T(O —> inViSible Wlth 2017 data

> K+ — utvX, X — invisible with the full 2016-2018 data SB\N
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K+ — 7tX, X 1nvisible VAGZ

Motivation: feebly interacting new particle X in K* — z+X foreseen in several models

For example:  Dark scalar: mixing with the Higgs Pseudo-scalar

Localar = LM + LDg — ( uwS + )\52) HTH Axion-like particles (ALPs)
1 = sinf \=0 QCD axion, Axiflavon (m~0)

Analysis strategy: Same K — ntvv

e Use exactly the same selection, normalization and background evaluation of mvv analysis
e Generate signal with two body decay for 200 mass hypotheses to compute acceptance and resolution in m2miss

NA62 Simulation
[ [ [ [ |

Few mass points after the full selection, normalized to unity
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K™ — n7vo, n7X(inv) analysis overview
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4 datasets:

¢ 2016 data
e 2017 data

® 20]
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t momentum [GeV/c]

8 data with old collimator (20%)
8 data Run with new collimator (80%)

PHENO2021

10°

arXiv: 2103.15389 [hep-eX]

e Normalization to K*— mt*m0 decay (non-
factorizing efficiencies evaluated with data
driven methods)

* Data-driven background estimation
e Bins of p(nt*) and intensity

e Control regions to validate it

Details in the presentation by Bob Velghe
Flavor I session

https://indico.cern.ch/event/982783/contributions/4364555/
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K+ — ztX, X invisible

2018 Dataset, for illustration
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NAG2 {

Bump hunting in mnzu.ss

Background model

e shape: Parameterized with polynomial functions
in R1 and R2

e Bkg yield from mvv analysis, including K->mtvv
from simulation and with SM BR

Signal model

e shape: Gaussian

* Ns from efficiency and normalization obtained in
bins of p and intensity, as in 7tvv analysis

Details in

JHEP 03 (2021) 058
arXiv: 2011.11329 [hep-ex]

Update with full dataset
arXiv: 2103.15389 [hep-eX]
Submitted to [HEP
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K+ — X, X invisible NAG2 [

- 2 -9
* Shape analysison m_ . 03 i<10
e Fully frequentist approach & - Observed UL
&Q ~ =---- Expected UL
e Profiled likelih isti :
rofiled likelihood test statistic = 0.25 : B3
e Combination of the 4 datasets - - L0
2 0.2
e -
A -
N ~
Assumption: X decays to invisible T 0.15 [
particles, or it is so long-lived to escape E‘ i
the apparatus ~ 01
=
. 0.05
Sensitivity degrades at small mx because -
of resolution. / -
In particular, for axion models, half of o———— v v L L T '
the signal is cut away 0 S0 100 150 200 250

My [MeV/c?']
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K+ — X, with X decaying to visible particles NAbZ Q
2016-2018 Data
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If X decays to visible SM particles

[

Probability that X does not decay within the
NAG62 apparatus:

T T

Dimensions of the
experiment

AL

P = ﬁm\

ct depends on the coupling

TTTTTT

== A

L= T | A t=100ps
. "7 1=200ps |}

UL on BR(K*—=n*X) at 90% CL
-
o

t =500 ps |
parameters and the mass — t=1ns
B T=2ns
- — NAG62 t=5ns
107" E |-- E787/E949 T= e

COmpariSOn With BNL result | | | | | | | | | | | | | | | | | | | | | | | | |
A. V. Artamonov et al. (E949 Collaboration) 0 50 100 150 200 25(0)

Phys. Rev. D 7 2004 .
yS eV, 9, 09200 mX [MeV/c-]

Improved upper limit over a the range [0,100] MeV and [160,260] MeV
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K+ — 7*S, S: scalar

Higgs mixing model
»Csca,la,r — (:U'S + )\‘92) HTH
A=0
1= sinf@

(BC4 in PBC)
[J. Beacham et al., J. Phys. G 47 (2020) 010501]

[M. W. Winkler, Phys. Rev. D 99 (2019) 015018]
Used for BR computation

If S decays to visible SM particles the
acceptance is reduced because the decay
products (e or u) are vetoed

T depends on sinO and ms

roberta.volpe@cern.ch

2016-2018 Data [arXiv: 2103.15389 [hep-eX]
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K+ N 7[+7[O, 71-0 —S inV WAEZQd

e 70-> vV is not forbidden because of neutrino non-zero masses, but in the SM: BR (%0 -> vv) ~ O(10-24), JHEP 02 (2021) 201
so any observation ==> BSM 2010.07644 [hep-ex]

2017 Data

e The previous experimental limit is 2.7 107 at 90% CL, from BNL experiments

The hermetic photon veto in NA62, essential for mvv analysis, allows for the search in the Kaon decay

KT = nt7’(y), =« — invisible "N
°‘\ -
> -
Q 0.1 4
(.2‘ - = 10
7, | _|
With the same analysis we can also search for 2 L _
& 0.05— 1 40°
K+ — X, X — invisible, for mx~ mnro - =
f 0 102
~0.05— s 10
Search in the mnz,liss - 2 LT : )
range which is a background B T T T T I
region for the K — mvv analysis Downstream track momentum [GeV/c]
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K+ = x+0, 20— inv NAG2 {
BR(s" - invsible) = BR(" .
,(7‘_ e e) ; ’(7‘_ — ,) 8 Nﬂ-O X €gel X Etrig ihep-ex]

Analysis strategy:

The main background is K+ — z+70 , 71-0->yy with undetected photons 2017 Data
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- S F
= >
gf e f T L g0
- — £
= 7 % - 2 Observed data
o a s Q 50—o
g 107 r - 52
2 ¢ | 1 405 8 An improvement of
— I ¢ =t a factor 60
g 10k 301 « > ' .
2 - l | | wrt the previous
S S S 20— Signal region experimental result
E 107G~ "50 25 30 35 40 5 E - :
n* momentum [GeV/c] 10 - .
: L1 1 1 | L1 1 1 I | I I | I ] l.l | | R R — l | l.l | I | l.l |
. . . . 10 15 20 25 30 35 40 45

Counting experiment in the region: ©* momentum [GeV/c]

25<p<40 GeV /c and square missing

mass in [0.015,0.021] GeV?2/c* BR(7" — invisible) < 4.4 x 1077 at 90% C.L.
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Search for K+ — 7+X, mx ~ mrg VAGZ Q
Model independent upper limit to BR(K->mX) JHEP 02 (2021) 201
2010.07644 [hep-ex]

NS 2017 Data
BR(KJr — 7T+X) — y =
3 102 |- ‘
- = ’
= 10°E
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K+ — rn*ta, a: ALP

NAG2,

Pseudoscalar axion-like particle 9 a 9.a
Lam = ﬁ Z LoV Yslo }‘ z 087V Y5453 2010.07644 [hep-ex]
q

(BC10 in PBC) [J. Beacham et al., J. Phys. G 47 (2020) 010501]

If a decays to invisible particles,
or it is so long-lived to escape the apparatus

o107
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1
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B 2017 Data
M. J. Dolan et al., JHEP 03 (2015) 171
Used for BR and lifetime computation

If a decays to visible SM particles the acceptance is
reduced because the decay products (e or u) are vetoed
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K+ — utvX, X — invisible NAbZ é

Motivation

A possible explanation of the anomalous muon magnetic momentum g-2 is the existence of a new light gauge boson

S.N. Gninenko and N.V. Krasnikov, Phys.Lett.B 513 (2001) 119, https://arxiv.org/pdf/hep-ph/0102222.pdf

In a scenario with dark matter freeze out, it could be a scalar or vector Phys. Rev. Lett. 124, 041802 (2020)
mediator of an hidden sector decaying to Dark Matter X — XX arXiv:1902.07715 [hep-ph]

K+ — utvX, with

X — invisible YY, LT Phys.Lett.B 816 (2021) 136259
[hep-ex]

Work in progress

2016-2018 Data
Same final state as

K+ — u* N, N: Heavy Neutral Lepton

Details in the presentation by
One ut and missing mass Marco Mirra, Neutrino I session

https://indico.cern.ch/event/982783/contributions/4362325/



mailto:roberta.volpe@cern.ch
https://arxiv.org/pdf/hep-ph/0102222.pdf
https://arxiv.org/abs/1902.07715
https://arxiv.org/abs/2101.12304

K+ — utvX, X — invisible NAbZ

3 body decay, the signal has a broad distribution in 2016-2018 Data | Phys.Lett.B 816 (2021) 136259
2 2 2101.12304 [hep-eX]
Miss = (pK_p,u) S—

—=— (Observed number of events
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- --- Expected UL (1,20 bands)
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K+ — [vX, X — invisible NAG2 [
Ny = ' — (1.14 £ 0.02 10 2101.12304 [hep-
K ASM . B(K+ — ,u,+1/) ( ) . hep-ex]

-
© i i —e— Scalar X model
Tested mass hypotheses from 10 to 370 MeV >
o —&- Vector X model
45 . . .
In the model with scalar mediator ,‘21 0
the mean value of mnz,u.ss i'><
is larger compared to the vector mediator. ?‘
This results in a stronger upper limit for the scalar X model é,
0
©
=107°
E
Also an upper limit to the very rare SM decay has (g)_
been established: S
B(KT — pTvvw) < 1.0 x 107°  at 90% CL ]
10—7llllllllllllllllllllllllllllll

50 100 150 200 250 300 350
Assumed X mass [MeV/c?]
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Conclusions NAGZ é

M Improved bounds on feebly interacting particles X with the signatures:

2z K+ — nt*X, X — invisible, in almost the full the mass range ~[0, 250] MeV

» K+ — ptvX, X — invisible, in the mass range [10, 370] MeV

0 Ongoing analyses to finalize other searches with 2016-2018 dataset

O Getting ready for the new data taking (Kaon beam and beam dump),
starting soon (July 2021)

\o
oy ““\ed

Thank you for your attention
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K+ — #tS, S: scalar

NAG2 {

2017 dataset

https://www.hepdata.net/record/ins1832447
https://www.hepdata.net/record/ins1822910

JHEP 03 (2021) 058
arXiv: 2011.11329 [hep-eX]
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K+ — nta, a: ALP

NAG2 {

2017 dataset JHEP 03 (2021) 058
arXiv: 2011.11329 [hep-ex]

https://www.hepdata.net/record/ins1832447
https://www.hepdata.net/record/ins1822910 HEPData
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Background estimation for K+ — u*vX, X — invisible NAbGZ

T e A A I ' |
Q17 —
> - _ K —p*v(y)
8 108 =—‘. ......................... — (non-Gaussian tail)
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: .. : L — !
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Not-only Kaons

A large Kaon sample is ready to be analyzed but:
searches for exotic particles are limited by the kaon mass

Standard kaon mode
p,,K 75 GeV

Ju

p 400 GeV
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Not-only Kaons

Beam dump mode

B and D instantaneously decay to exotic mediators and SM particles which are stopped/deviated

X—>2 tracks

B,D—> X(exoti d't ) g
> . i Or 1) | 111 Ui[m

e Y TN T -.‘) .

U.!E'Jlﬂ 11
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L VYV LIIOLL L1111l
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Also vy signature to search for ALPs
from Primakoff
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