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Outline

 Qverview of the NA62
experiment

 Lepton Flavour/Number
Violating decays

 Heavy Neutral Leptons
(HNL) searches:

— HNL production: Kt -
etN,K* - u*N

e Kt -5 utvw, Kt > utvX

« Summary
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~30 institutes, ~200 participants from:

Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna,
GMU-Fairfax, Ferrara, Firenze, Frascati, Glasgow,
Lancaster, Liverpool, Louvain, Mainz, Moscow, Napoli,
Perugia, Pisa, Prague, Protvino, Roma |, Roma I, San Luis
Potosi, Sofia, Torino, TRIUMF, Vancouver UBC
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NAé62 is a fixed-target experiment at
CERN SPS
Main goal: measure B(Kt - ntvv) with
10% precision using novel kaon-in-flight
technique
Current theoretical prediction:
B(K* > mvv) =(84 +1.0) x 10711
[Buras et al., JHEP11(2015)033]
Experimental values:
B(K* - ntvv) = (17.31132) x 10712
E949/E787[Phys. Rev D 79, 092004 (2009)]
B(Kt - ntvv)
= (10-6;1'2tat x 0-95yst) x 1071
NA62[JHEPO6 (2021) 093]

Broader physics programme:

« Rare/forbidden kaon decays

« Searches for exotic particles in kaon
decays and in beam dump mode
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Detector overview

Muon veto

GTK- KTAG RICH time resolution: 0 (100 ps)
0(10 ) background suppression from kinematics
0(10 ) muon rejection for 15 <p(n*)< 35 GeV

0(10°) ° rejection of for E(z%)> 40 GeV
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e, detectors
X [m] Downstream MUVO Charged
Kaon ID Large angle photon veto spectrometer hodoscopes
> [Differential Beam tracker [EM calorimeters] STRAW CHOD
| Cerenkov detector] (3 stations of LAV MUV],2
k silicon pixel detector] : Iron
1 (400 mm Be] \ RICH MUV3
Target KTAG GTK SAC
0 =3 F— = CHANTI Vacuum ' J
{ Primary beam:
1] 40056\//0 SPS protons RICH HASC
~10™ p/sec Beam guard ring
Secondary beam: 65m decay region, " IRC Dump
> | 75 GeV/e (Ap/p ~ 1.1%) ~5MHz kaon decay rate LKr
K*(6%)/7*(70%)/p(24%) 10 mbar vacuum > Photon veto
750MHz at {GTK [EM Cdlonmeters] -
| 1T I T T T T T >
0 100 150 200 250
Z [m]
Performances:

[NA62 Detector Paper, JINST 12 (2017), PO5025]
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https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025

Time scale:

: 2014 - Pilot run

2 2015 — Commissioning run: ~1% of
design infensity, no beam tracker
2016 - Commissioning run + Physics
- run (30 days)

2017 — Physics run (161 days)
2018 — Physics run (217 days)
2019-2020 — LS2

2 2021 — Physics run (85 days)
2022 - Ongoing

Trlggers
vy trigger: 1 frack, y/u veto
Control trigger: samples for
normalization, background
estimation
3-track triggers: samples for
lepton flavour violation study

T

Ve
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Lepton Number/Flavour violation

- Lepfon number (L) and lepton flavour (L, L, L;) are
conserved quantities in the Standard Model

* Violation of these quantities is a clear indication of
Physics Beyond the Standard Model

Seesaw mechanism provides a LFV processes can occur via the

source of LNV through the exchange exchange of leptoquarks, of a 7’

of Majorana neutrinos as in OvRp boson, or in SM extensions with light

decay [JHEP 0205 (2009) 030] pseudoscalar bosons [JHEP 10 (2018)
148, Rev. Mod. Phys. 81, 1199 (2009),

u o JHEP 01 (2020)158]

u > U

e T d
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Searches for Kt » = (m%)etet =

SM K™ — ntete selection: m(ztete)

20 =t

21 0'e — E;g;;_

O ég} ~ + Normalisation to the SM
%103 M¢ ¢ K+—>TL'+6+8_, B(K+—>

2  mteteT) = (3.00 + 0.09) x
10° 1077,

« 11041 candidates are
found — world’s largest
sample

TTTTI] T T TTTTT T [I]TTITI T TITT[ITI

1 —— |

107"

300 350 400 450 500 LS
m(t'e*e’) [MeV/c]

[PLB830 (2022)137172]
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Result for KT - m—eTe™

Mode

Masked region

OWer regior Tpper regio Masked region 5i ‘erio
Lower region 1 region  Masked region  Signal region

Kt Ssatntn 0.9 <+—>
Kt s atnetr 3.3 & — Data e
K+ - atnl 0.02 0.01 i . . \Q C
K+ — nﬂ,f-.fu 3.7 £0.7 1.20 £ 0.24 1.23+£0.25  0.29 £ 0.06 > r DE?EL"T 1 i O
K+ = etvete 0.7 4+ 0.1 0.76 £ 0.15 0.47 £ 0.09 0.14 4+ 0.03 = -K+_m96+ _ % (@)]
Total R6L-00  L98:030 | 1712031 Josstooo] = iR 7TAT OB ¢ 4 ¥ o112 1O
Data 3 1 I 0 < f WK e’y 4 -
g F . ©
: : . N = 2
»  Blind analysis method - validate @oof .% g
background estimation in control |2
. 10 ' -
regions. - 033
« Insignalregion ngy, = 043 £0.09, nys =0 [ 9
« Setupper limit: i
B(Kt - m etet) <53 x 107 at 90% CL 102
« A factor of 4 improvement with respect i

fo previous NA62 result with partial dafa 200 250 300 350 400 450 500 550
set (2017 only): [PLB 797 (2019) 13479] m(x e‘e’) [MeV/c']

[PLB830 (2022)137172]
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Result for Kt - m—ntlete™

f"E - |-=Data
T,
% = WK —rletvy !
E = | E,>10MeV
= C |OK > D
Eé} m K or ?IDT
“}’10"5— E,<10 MeV
w C K gy
[ | E>10MeV
107%F
107°

—4 Ll
10400 420 440 460 480 500 520 540 560 580 600
m(r n’e*e*) [MeV/c]
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Mode

Control region

Signal region

zi'k- —* '|'T+.'Lu.l LN
.Il\.- _:" -'rr+'l|',|',.:' I

1]
0

0.16 + 0.01
0.06 £ 0.01

0.019
0.004

K+ — nhetiny 0.05 £+ 0.02

Kt o rtalete 0.01 0.001
Pileup 0.20+0.20  0.020 £ 0.020
Total 0.48 £0.20 0.044 £ 0.020
Data 1 0

In signal region ng,, =

Blind analysis method — validate background
estimation in control regions.

0.044 + 0.020, n,ps = 0
Set upper limit: B(K* - n~nle*et) < 8.5 X
1071% at 90% CL

First search for this LNV decay!

[PLB830 (2022)137172]
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Other LNV/LFV decays

Y

o
Ed
|

Expected background: 0.91 + 0.41
Observed: 1

UL [PLB 797(2019)134794] : B(K* —
T utut) <42x1071 @ 90%CL
Factor 2 of improvement on NA48/2
[PLB 769 (2017) 67]

(1.33 £ 0.02) x 1012 (combination
of 3 triggers)

Expected background: 1.07 £ 0.2
Observed: 0

UL [PRL 127 (2021) 131802] :
B(Kt »>nmutet)<42x1071 @
90%CL

b [NA62 il D+ata LV E t Data e 10°E i ¢ Data
%1 05 E K = % 4:_ P K=t %) F o [
= E I K —=atauty =10 E K'—=a'nre'v =10* E E E K'=n*n-ev
= ol mKorrey || T C Wcorney | EF TN
=10 E K - %103 3 M < —nete g 103§ E E Bl K wletey],
‘g C O K —=pfvptu (x10) :>_" o Bl K'—ptvete L% F . BRI Lt
gil 03'=_ i 10 E 1 K>t 102§ ] K'—=etvptu-
I = F E E K'—etvptp- E E E Total uncertainty
- 10 i1 | | Total uncertainty 10k e
105 : 1 i : i
C 1= h 1 it
10
= 107 107 |
1§ 10_2§7| | | | 10—25_ L1 11 1111 1 |J- |l_\-| iil | i | Il 1 ‘ L1
(E_) 16;_ g 16;_ OO EUOOUSSS PSSR OOSPIUSIUISRSSOOSE RO | O
107" LR - $ 8% |
8= * 5 0.8F
177N WM | SN SNSRI | | SS———— 0.6
1 0_2 N 0-4:_|||W I \}I\I l"\l W{II il ::l ll\ll'l\llf\ 0.4E WIII\]lI{lI
380 400 420 440 460 480 500 520 300 350 400 450 50 550 600 0 550 600
m{x ) [MeV/c?) M yoer [MeV/c?] M e [MeV/c?]
- - o+ + -t
LNV: Kt > utut LNV/LFV: Kt > n-ute® LNV-I_( S TTU e N .
Data: 2017 sample, N = (7.94 + Data: 2017+2018 samples, Ny = Exﬂggéigénggccsgggoffj g -
0.23) x 10 (di-u frigger) AT S

Observed: 2

UL [PRL 127 (2021) 131802] :
B(KT>ntuet)<66x10711 @
90%CL

FromK* » n*tn% n® - u~e™:
B(n® > pet) <32x107%°@
90%CL
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NA62 LNV/LFV summary

Previous UL NA62 UL
@ 90% CL @ 90%CL
K* - utut 8.6 x 10711 42 x 1071t 2017 data — improved by factor 2 ]- Phys. Lett. B 797 (2019) 134794
K*->mn-etet 6.4 x 10710 5.3 x10°11 Runl data — improved by factor 12 } Phys. Lett. B 830 (2022) 137172
K* - n nlete* no limit 8.5 x 10~10 Run1l data
Kt ->a utet 5.0 x 10710 42 x10°1! 2017+2018 data — improved by factor 12
K*->a*u-e* 5.2 x 10710 6.6 x 10711 2017+2018 data — improved by factor 8 PRL 127 131802 (2021)
> uet 3.4 x107° 3.2 x 10710 2017+2018 data — improved by factor 13
K* > ntute” 1.3 x 10711 - sensitivity similar to previous search
0 - ute” 3.8 x 10710 - sensitivity similar to previous search
K* - u~vete* 2.1x1078 - Analysis in progress
Kt -sevutut no limit Analysis in progress
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Heavy Neutral Leptons (HNL) =

 The VMSM ([Asaka et al., Phys.Lett.B 620(2005)17/1) is
an extension of the SM 1o explain simultaneously
neutrino oscillations, dark matter and baryon
asymmetry of the Universe.

— SM + 3 right-handed sterile neutrinos:
N,: m; ~10 keV — dark matter candidate

N, 32 m, 5 ~100MeV - 100 GeV - baryon
asymmeftry

« GeV-scale HNLs can be observed via their

production and decay (both searches are possible
at NA62)
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HNL production in K™ decays

[(K* - I*N) = T(K* - [Tv)p(my)

. [R. Shrock PLB%6 (1980) 159]/
o Kinematic factor

]

L

Uy

3:_  HNL production is

£ pu(my) enhanced compared
o5 to SM decays

i3 + Large f~105
' 50 A enhancement in ’rh.e.

i Re ~ 2.5 x 105 K* > e*N case: helicity
U_5§_ suppression is relaxed.

[ I I I I I I I I I

%50 100 150 200 250 300 350 400 450 500
HNL mass [MeV/c?]
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5

Heavy Neutral Leptons (HNL)

Triggers used: the main K, for K* — e™N; Control (min bias)/400 fork* — u*N.

Numbers of K* decays in the fiducial volume: Ny = (3.52 4+ 0.02) x 10*2 in positron case;
Ny = (1.14 + 0.02) x 101%in muon case.

Peak searches in the squared missing mass: m2;.c = (Px - P)?, where Py is kaon 4-
momentum measured using GTK, and P, is lepton 4-momentum measured using STRAW.

)

12 — Data - - 1 09 S S F TR — Data
%1 0% = b o I:I K* gy - Ty : I BR(K* - u.+v)=64% [ K—=pviy)
g | — |:| o I:l L 10°E 2.2G can@ldaies ............... (non-Gaussian tail)
N e[ Wy BT oW’y (upstream) | : - K vy
= - . _) N S TeT——— — 4 I _________________________ N [ | K-orrn
S LI . ZRl(I; % 10e_5v) ...... A ey S 10 g | [ K —auty
@ 3.5M candidates 1 ] T A . [ Uncertainty on the
51 []5 ] ko 9, T S 10 = estimated background
S s - :
AT ol b ey b
: ------------------------- .Il:]5E ........................................................................
...y 1.0 [ | K- 104 E_ ................................................................
10°E= K* = ptv, p* > T
= ety s gty 10 §_ ..................................
- suppressed by accidental §|8 ok
n good vertex T+ mis- 107
B 1 | | rleSO||LJ1-|Io|r] | | ngging . 1 1 1 1 | 1 1 1 1 | | | lm
0 0.05 0.1 0.15 0.2 -0.1 -0.05 0 0.05 0.1 0.15

m2,.. [GeV/c?] m2,.. [GeV?/c]
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HNL Results

|2 at 90% CL
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100 150 200 250 300 350 400 450
HNL mass [MeV/c?]

No signal observed

Full 2016-18 (Run |) data set is
analyzed

Close related study: K+ —
[Tvvwand Kt - ITvX, X is
invisible: predict background
from MC simulation
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KT > utvwwaond K™ -» u*vX

Zoom from slide 14, right plot

Kt - utvvv:

. Very rare in the Standard Mode: B(K* -
utvvv) = 1.6 x 10716 [JHEP1610 (2016) 039]

. The current limit: < 2.4 x 107° [E949, PRD9%4
(2016) 032012]

- Searchregion m2,.. > 0.1 GeV?/c*
(optimized to extract strongest limit):
- Observed events: 6894
— Expected from MC: 75491928
—  Setftupperlimit: 1.0 x 107 at 90%CL in

the SM framework

K* - u*vX, X is scalar or vector:

. [PRL124 (2020) 041802]

. Mass range 10 — 370 MeV /c?

. Compare expected and observed number

of event for each mass hypothesis and

extract limit

10*

10°

107

1.4

1.2}

0.4

0.6

m,=300 MeV/c?

m,=200 MeV/c?

; . | !T\EZ
0.04 M2 [%';62/&]

C DCITO/ MC |

A

LI T I 7
08 1 T I~ il T -+

| L
|| T

—o0F 006 008 o1 o0i2

] 014,
mZ . [GeV/cT]
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Kt - utvX results

—#=— Scalar X model

== Yfector X model

—he
b
tn

K* - u*tvX, X is scalar or vector
« No signal observed

* The limits obtained in the
scalar model are stronger
than those in the vector
model due to larger mean

2
m; ... value.

Upper limit of BR(K*—u*vX) at 90% CL
o

10—?IlllillIlilllliIIIIiIIIIiIIIIiIIIIiII
50 100 150 200 250 300 350

Assumed X mass [MeV/c?]
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Summary
 The NA62 experiment is a powerful laboratory to

make searches for exotic particles/processes

« World best upper limits on LNV/LFV kaon decays
have been set

« World best upper limits on HNL mixing
parameters have been set

« World best upper limit on B(K*™ - uTvvv) has
been set

« NA62 will continue to take data unftil Long
Shutdown 3 (LS3) —resumed in 2021
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