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NA62 experiment

ECN3 hall at CERN

NAG62: fixed target experiment at CERN SPS

Technique:
Kaon decays in flight

Timeline:
»2015: commissioning
»2016-2018: physics runs

»2021-2025: physics runs

Primary goal:
Measure BR(K* —»mt* vv)

NAG62 collaboration: ~300 participants, ~30 institutions
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NA62 experimental setup

[NAG62 Detector Paper, 2017 JINST 12 P05025]
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Primary beam: Secondary beam: Key detectors:
*400 GeV/c protons »75 GeV/c (£x1%) =PID: KTAG, RICH, LKr, MUV1-2, MUV3
=3x10'2 protons per spill =Divergency < 100 urad *Momentum: GTK, STRAW
=70% pions, 6% K*, 24% protons =Time: GTK, KTAG, RICH, CHOD

=Photon veto: LAV, LKr, IRC, SAC
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NA62 main goal: BR(K*—>mtfvv

2018 data sample
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NAG62 recent results
Kt>mtvv
Search for Kt = it X JHEP 06 (2021) 93; JHEP 03 (2021) 58
LFV/LNV decays

Kfr>mnue PRL 127 (2021) 131802
Kt=>rm I* ¥ PLB797 (2019) 134794; PLB830 (2022) 137172

Kt > nPet et PLB830(2022) 137172 This talk

K¥ >u vet et E\}A“/? B

Precise measurements
K¥ > nt pt
Kt >n¥ etvy

HNL production in K* = [* N PLB 807 (2020) 135599; PLB 816 (2021) 136259

Search for m% - invisible JHEP 02 (2021) 201
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LFV and LNV in kaon decays

Ktr>m 11" (I=e, )

e LNV:AL=2
* Mediated by Majorana neutrino U

* similar to Ov2f decays
NPB 176 (1980) 135

JHEP 12 (2019) 089

K*¥ > utet, K> ue*

a a . LFV:ALe=1,ALu=1
* Mediated by a leptoquark

|
A

PLB 491 (2000) 285
= JHEP 12 (2019) 089
2
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Search for K* 2>mue

Ll MultiTrack trigger

* Run1(2017 +2018) « MultiTrack = RICH & QX
Relevant triggers (downscaled e QX: hits in opposite quadrants of the hodoscope
. MultiTrack / 100 . MultlTrack eff|C|er.1cy£ = 93.2(5.) %

* Runs in parallel with the tvv trigger

* MultiTrack & LKr10 (E > 10 GeV) & MUV3/ 8
* MultiTrack & LKr20 (E > 20 GeV) / 8

Main features \

blind analysis (control and signal regions)
* Byproduct: search forn® >pe fromK* > n?, n® > pe
* Main background from misID and it decays in flight
* M(rt e*) > 140 MeV against K* >t %, i® Set ey

|| K*—mpe (MO)

K*—n*n, nil—p-e* (MC)

o
o
=

0.01

Fraction of energy deposited per 0.5 GeV
o
()
IIIlIIIII|IIII|IIIIIIIIIIIII

I Rt L L L R L

Normalisation
e K*->m*n*m, BR=0.0558

o

10 20 30 40 50 60
Energy deposit in the LKr calorimeter from three tracks [GeV]

e N(K*->mm*m)=273x108 Kt —sa ptet | KT > ntp et |7 — pet
N, =1.33(2) x 1022 Ag x 102 4.90 + 0.02 6.21 +0.02 | 3.11 £0.02
ELkeio X 10%] 975+ 1.3 97.5+ 1.3 92.9 4+ 1.2
\_, Number of K* decays in the fiducial ELKr20 X 102 4.1+ 1.6 73.3+1.6 45.3+ 1.0
volume (105 < Z ., < 180 m) Bses x 10' | 1.8240.08 1.444+0.05 |13.9+£0.9
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K* -1t u e: before unblinding

LNV: M(rt* - e*)

LNV: M(rt™ pt e*)
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K* -1 u e: after unblinding

LNV: M(rt™ pt e*) LNV: M(rt* 1= e)
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SR: I\Iobserved =0 nwe* SR: Nobserved =2
BR(K* —>m u*e*) <4.2x 10" (90% CL) BR(K* —n*pe*) <6.6 x 1071 (90% CL)
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K* =1 u e: final results

I N T T

Acceptance 4.90(2) % 6.21(2) % 3.11(2) %
SES 1.82(8)x10 1.44(5)x101 13.9(9)x101
Expected bkg 1.07(20) 0.92(34) 0.23(15)
Nobserved 0 2 0

BR(UL) @ 90% CL 4.2x1011 6.6x101! 3.2x10710
Previous UL(BR) 5.0x1010° 5.2x1010 3.4x10°

Factor of ~10 improvement wrt previous experiments
Kr>nt ute , n® >ute” :sensitivity similar to previous searches
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Data:
e partial Run1(2017)

Main features

* blind analysis

* A(sig) =9.81%

* N =7.97(23)x10%!
e SES=1.28x104

Normalisation:
o Ktomt u+ W
* N(K*-=>mn*u*u)=_8357

Expected bkg:
* N=0.91(41)

07.07.2022

Search for K* -t ut

SM: M(mtt pt ) LNV: M(rt~ it )
¢ [NA62 S ENA62 o Daa
25105 %1052 -K+—>71:11:71:
= = = K »a v
- =l Bl K —-rnety
;104 :‘;104§ []K -y
2 2 r O K =ptvptu (x10)
210° 210° -
LLl T -
10° 102;—
10 10E
1 1 ;
107" 107"
10_2 10—2 oot [
380 400 420 440 460 480 500 520 380 400 420 440 460 480 500 520
m(z'pu’) [MeV/ic?] SR: N _1 m(mpp*) [MeV/c?]
observed

BR(K* - p* u*) < 4.2 x 10-11 (90% CL)

Factor of 2 improvement wrt previous limit: BR < 8.6x101! (90% CL)
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Data:
* Run1(2016-2018)

Main features

* blind analysis

* A(sig) =4.23%

* N =9.79(31)x10%!
e SES=2.4x10%1

Normalisation:
e Kr-mtete
e N(K*—>mnte*e )=9483

Expected bkg:
« N=0.43(9)
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Search for Kt > et et

SM: M(mt*e* e7) LNV: M(rt” et e*)

N o Data
O nal o ™
S10 & = | |[@K'—e've'e
g - g WK —rlev
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SR: I\Iobserved =0
BR(K* -»m p*p*) <5.3x10-11(90% CL)
Factor of 12 improvement wrt previous limit: BR < 6.4x101° (90% CL)
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K¥ >t~ mlet ef

LNV: M(rt mle* e?)

Data: :j‘é‘ L |« Data
= + +
*  Run1(2016-2018) g 1 W
- | E,>10MeV
g‘ C |EK > n’xd
[ L i DK+—>ﬂ+ﬂgT
Main features S0 | E,<tomoy
* blind analysis D E @Koy
Alsig) = 0 ;7‘V Expected bkg - .Epmmlv
. sig) =0.27% a
o — 11 Mode Control region Signal region 1072
N =9.79(31)x10 KT 5 ntnrd 0.16 £ 0.01 0.019 -
« SES=3.8x10710 K+ - ntady 0.06 % 0.01 0.004 -
Kt - n%etvy 0.05 + 0.02 - N
K+ - atnlete 0.01 0.001 107
Pileup 0.204+0.20  0.020 = 0.020 :
Total 048+0.20  0.044 =+ 0.020 -
Normalisation: il : . 1074 |
400 420 440 460 480 500 520 540 560 580 600
* Kr>mrete” m(x n’e'e*) [MeV/c?]
e N(K*—>mn*e*e”)=9483 SR: N =0
* "Vobserved

BR(K* —n nPe*e*) < 8.5 x 10-1° (90% CL)

Expected bkg:
« N =0.044(20)
First search for this mode
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Search for K¥ > ve' ef

Data: SM: M(rt* et e”) LNV:(P, - P~ Py - P..)?
. Run1 (2016-2018) S —— —

i; 'g —— Data i
At o
%:10 3 1 —
o C O _—
_ B 2 o
Main features S10%¢ e ="
> F e N S IR e e i | T
* blind analysis N g
. A(Slg) — 144% 102§ ) ......................... .......................................... I.|>.| —
* N¢= 1.97(7)x1012 - . _______
e SES=35x 10‘11 10§ . I .........................
-IE .........
. M . : o 1 L 1 1 | --I 1 1 1 _-i.l L1 | L1 1
Normalisation: 300 350 400 450 500 550 -0.02 -0.01 0.01 0.02 0.03 0.04 0.05
e Kt*STtete m(r‘e’e”) [MeV/c?] M2,es [GEVZ/C]
e N(K*->m*e*e )=10975 SR: N =0
* "Vobserved

Expected bkg: + _ + + .
c N - 026(4) BR(K* — w ve*e*) <8.1 x 101 (90% CL)

Factor of 250 improvement wrt previous limit: BR < 2.1x10% (90% CL)
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Conclusions

* LFV/LNV searches at NA62: limits improved for several decay modes

Decay mode Previous UL on BR NA62 UL on BR improvement
(90% CL) (90% CL)

K*=> m pt p* 8.6 x 1011 4.2 x 1011 Factor of 2
(partial dataset)

K*=> n e*et 6.4 x 1010 5.3x 10 Factor of 12
K*=> - p*et 5.0 x 1010 4.2 x 1011 Factor of 12
K*=> n* u et 5.2 x 1010 6.6 x 10! Factor of 8

> u et 3.4 x 107 3.2 x 1010 Factor of 13
Kr>m nle* et - 8.5 x 1010 First search
Kf*>u vetet 2.1x108 8.1 x 10! Factor of 250

NA62 LFV/LNV prospects
e Data taking ongoing (2022-2025)
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