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Kaon Experiments at CERN

@ NA31: 1980s, beam: K, /Kg
o First evidence of direct CPV

: 4 A @ NA48: 1997-2001, beam: Ky /Kg
A , e e Discovery of direct CPV

Jura mountains

@ NA48/1: 2002, beam: Ks/hyperons
- — @ Rare decay studies
Sutzerang = © NA48/2: 2003-2004, beam: K* /K~
7 = . = @ Precision measurements
@ NA62-Rg: 2007-2008, beam: K™ /K~
o Rx =T'(Ke2)/T'(Kp2)
@ NA62: since 2015, beam: K™

2015: commissioning run
s { B 2016-2018: physics runs:
T e s ; e Main goal: B(K™ — ntwp)
U~ 00 BT = ® Precision measurements

NA62: ~ 200 participants, ~ 30 institutes (eg. K* = mtu*u”)
@ Searches for HNL, axions, dark ~,

LNV or LFV decays — this talk
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Motivation

@ Observation of LNV or charged LFV processes would be a clear indication of BSM physics

@ Previous LNV and/or LFV searches in 7° and semileptonic K+ decays:

Process

Previous UL on B @ 90% CL

KT Snputpt |42x10 1 NAG2, 30% of Run 1 stat., [PLB 797 (2019) 134794]

Kt 5 a efet | 22x10710 NA62, 30% of Run 1 stat., [PLB 797 (2019) 134794]

K+t & atptes | 1.3x 10711 BNL E865, [PDG]

Kt = a putet | 5.0 x 10710 BNL E865, [PDG], New NAG2 result presented here

Kt —atpu—et | 52x10710 BNL E865, [PDG], New NAG2 result presented here
70— pet 3.4 %1077 BNL E865, [PDG], New NAG2 result presented here
70— pute 3.8 x 10710 BNL E865, [PDG]

@ The LNV decays could be mediated by Majorana neutrinos, [JHEP 0905 (2009) 030]

@ The LFV decays could proceed via e.g. the exchange of leptoquarks, or a Z’ boson,
[JHEP 10 (2018) 148], [Rev. Mod. Phys. 81, 3 (2009)]
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https://inspirehep.net/literature/1735727
https://inspirehep.net/literature/1735727
https://pdg.lbl.gov/2020/tables/contents_tables_mesons.html
https://pdg.lbl.gov/2020/tables/contents_tables_mesons.html
https://pdg.lbl.gov/2020/tables/contents_tables_mesons.html
https://pdg.lbl.gov/2020/tables/contents_tables_mesons.html
https://pdg.lbl.gov/2020/tables/contents_tables_mesons.html
https://iopscience.iop.org/article/10.1088/1126-6708/2009/05/030/meta
https://link.springer.com/article/10.1007/JHEP10(2018)148
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.1199

NA62: Beam and Detector

‘|RICH

{RICH

Beam parameters:
@ Beam momentum: 75 GeV/c (+1%)
@ Nominal rate: 750 MHz

| .—"1Rg Dump

. LKf @ Positive beam: ~ 6% K"

[JINST 12 (2017) P05025] -

Main subdetectors:
@ Beam tracker: GTK @ Trigger and timing:
e Kaon tagger: KTAG (o, ~ 70 ps) CHOD (o; ~ 1 ns), NA48-CHOD (o, ~ 200 ps)
o Downstream tracker: (r/u/e): Straw @ Electromagnetic calorimeter: LKr
op/p = 0.3% @ 0.005% - p[GeV/c] op/E =4.8%/VE®11%/E & 0.9%, [E] = GeV

@ Photon veto detectors: LAV, IRC, SAC @ Hadronic calorimeters: MUV1,2
@ Cherenkov counter: RICH @ Muon detector: MUV3 (o; ~ 500 ps)
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https://iopscience.iop.org/article/10.1088/1748-0221/12/05/P05025/meta

Analysis Overview

@ Improvement on ULs on B(K+ — n*uFe™), and B(7® — p~e™) with 70 from K+ — 770
o Full 2017 + 2018 dataset used in the analysis
e Blind analysis technique used in order to not bias the measurement

@ All signal channels produce three charged tracks and nothing else

@ This motivates the choice of the normalisation decay channel: K+ — ntatn~ (K3,):

o Abundant: B(Ks,) = 5.583(24)%, [PDG]

o Allows for similar signal and normalisation event selections

@ Three physics trigger streams used to collect signal and normalisation events in parallel:

Trigger Downscale Description Use in this analysis
Multi-track (MT) ~ 100 Minimum-bias multi-track trigger K3, KT — ntpFet
uMT ~8 MT, 10+ GeVinLKr, 1+ pin MUV3 K+ — rtpFet
eMT ~ 8 MT, 20+ GeV in LKr, Kt o ntpFet

@ The effective number of kaon decays in [105, 180] m region: Nx = (1.33 +0.02) x 102
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https://pdg.lbl.gov/2020/tables/rpp2020-tab-mesons-strange.pdf

Event Selections

Part common to both signal and normalisation event selections
@ Exactly one “good” in-time three-track (Straw) vertex is required
@ At least one “good” in-time KTAG kaon is present

Part specific to the normalisation event selection
@ Event passes the MT trigger

@ Invariant mass m(3r) of the three vertex tracks under 7 mass hypotheses has to be consistent
with the charged kaon mass my: |m(37) — mx| < 3.5 MeV/c?

Part specific to the signal event selections

@ Event passes at least one of the three triggers from the previous slide

@ Particle identification:
o 7t LKr E/p < 0.9¢, and 0 associated in-time MUV3 muons
e u*: LKr E/p < 0.2¢, and 1 associated in-time MUV3 muon
e ef: LKr E/p € [0.95,1.05]c, 1 associated in-time LKr cluster, and 0 associated in-time MUV3 muons

@ KT —wrn ute™  Zenex > 107 m, and Dalitz rejection cut (see next slides)
@ KT »ntpu~e™  Zyenex > 111m
o 0 — pet: KT — atp~et selection, and |mye — myo| < 2 MeV/c?
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Trigger Efficiencies and Selection Acceptances

Trigger efficiencies
@ The efficiency of MT trigger: ¢, = (93.2 +0.05)%
@ The MUV3 condition in the uMT has negligible inefficiency
@ The efficiencies of LKr trigger conditions (10+ and 20+ GeV) depend strongly on energy:

‘ l:l K"~ e (MC)

K* o110, 10— pe* (MC)

LKr ¢ [%] ELKr10 ELKr20
Kt — 7'r7,u+€Jr 97.5+13 | 74.1+1.6
Kt ~>7r+u76+ 97.5+13 | 73.3+1.6

0 et 1929412 | 453+ 1.0

Fraction of energy deposited per 0.5 GeV
o
o
[

TT T T[T T[T T[T T TTTT[TT1

wijwwwwiwwww\www\wwﬁv¢l

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

Signal selection acceptances assuming uniform phase-space densities [%)]
@ A(KT = mptet) =4.9040.02, AK+ = 7tpet) =6.214£0.02, A(7° — p~et) = 3.1140.02
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Background Mechanisms and Expectations

Two dominant background mechanisms:
@ Particle misidentification (mislID)
@ probabilities measured with data and applied to simulations as weights (forced misID)
@ Decays in-flight (DIF):
ot = (Fuy, (L€ e u})
o Kt — nta® KT — 7%%w, followed by a Dalitz decay 7% — eTe
— suppressed by a dedicated cut in the K* — =~ *e™ selection on m,— .+ (me, m) > 140 MeV/c”

Kt = atu~et
g1 F1F ' Background in control regions:
>
3100l 3
iwA §1°"§ 3 KT s 7n pTet KT >ntp et
210k 2 CR1 CR2 CR1 CR2
H 5
ZqL 2 iy [Predicted |1.68 £ 0.20[1.66 =+ 0.263.41 & 0.54|1.27 + 0.40
o ‘Observed 2 4 2 0
1 i
10l Bckgr. predictions in signal regions:
102 10° A ) Source K'—snpte’|[KT watp et [r®—p et
£ £ ; KT —>rtatn | 022+0.15 | 084=034 [0.22+0.15
3, # iy S o X *i] Kt o rtetes 0.63£0.13 negl. negl.
5 S o s o | st e e | [ e | 0132002 negl. neg.
3000350 400 450 500 250 eq) . 350 400 450 500 850 LQ0 o | [KF = Ataetve| 0.07£0.02 | 0.05+0.03 |0.01+001
e
Kt = atptps 0.01 +0.01 0.02 +0.01 1.
K* > mtete™ K* > ntntn Kt > ntnetv, K* > ntntn~ + + # 'Li - nes
: A . : H H K™ = eTvep™ 0.01 £0.01 0.01 +£0.01 negl.
imisID} misiD § lm; iDIF misiD § lDIF
v v v Total LOT£020 | 092+0.34 |0.23£0.15
A et utv, v, et pv,
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Unblinding Signal Regions
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Decay Expected background | Observed events | UL on B @ 90% CL
Kt —mputet 1.07 £0.20 0 4.2 x 1071
Kt —rtuet 0.92 4+ 0.34 2 6.6 x 1011
7% — pu~et 0.234+0.15 0 3.2 x 10710
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Summary

@ Data collected in 2017 + 2018 were used to improve limits
on B(K*t — ntuFet), and B(r° — p~et) with 7° from K+ — 7+70

@ Presented results improve on previous results by one order of magnitude:
Previous UL on B @ 90% CL New UL on B @ 90% CL
Process BNL E865, [Phys. Rev. Lett. 85, 2877] | NA62, [arXiv:2105.06759]
KT —wrnputet 5.0 x 10710 4.2 x 10711
Kt = atuet 5.2 x 10710 6.6 x 10711
70— p~et 3.4x107° 3.2 x 10710
@ Searches for other LNV or LFV decays at NA62 are ongoing

eg. KT - nletet, Kt — py ete™, or Kt — e veptp®

upgraded sub-detectors
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NAB2 resumes data taking this year at higher beam intensity, and will benefit from new and

Stay tuned for more LNV or LFV searches and other results from NA62
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.85.2877
https://arxiv.org/pdf/2105.06759.pdf

Backup
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Schematics of Trigger Conditions

Multi-Track e Multi-Track g Multi-Track
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PID: LKr Misidentification Probability
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