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Flavour Physics | Hidden sector Physics
Search for New Physics atthe = Search for lepton flavour Search for New Physics below the EW
EW scale with sizeable coupling and number violation, scale (MeV-GeV) feebly-coupled to SM
to SM particles via indirect rare and forbidden particles via direct detection of long-
effects in loops: decays: lived particles:
Experiment main goal: K+ s nt Fet Dark Photon(DP), Axion Like
BR(K+ ot _) . _,u+ i Particle (ALPs), Dark Scalar (S),
™ ke K =7 1" Heavy neutral Lepton(N)
Kt = utvX

2 )
(K+ = 777%) 7% — invisible A S I



K* — n*vv decay

B(K*T — ntvw)
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Uncertainties
[Buras et al., JHEP11(2015)033]

® FCNCloop process s —d coupling with high CKM suppression
® C(lean theoretical prediction: short distance contributions
e Hadronic matrix elements: obtained from KI3 measurements and SU(2) isospin symmetry

BR(K* — ntvw) = (0.84 £ 0.03) x 10710 Vool - ( i )0'74 = (0.84 £0.10) x 10710
" ' ' 0.0407 73.2° : ‘

® Channel sensitive to physics BSM
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The NA62 experiment at the S

p on 40 cm Be target.

. ) 75 GeV/c unseparated hadrons beam:
NA62 @ CERN North Area, exploits a ' (70%), K* (6%), p(24%).

400 GeV/c primary proton beam from 100 mrad divergence (RMS)

the SPS. 2 x 10*? protons/spill 60x30 mm? transverse size.
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Intensity: 750 MHz (45 MHz K*).

4.8 x 1012 K* decays/year, ~ 4 10'2 K* in FV
Run | 2016 -2018:

2016/2017/2018 40%/60%,/60-70% nominal
intensity

NA62 @ CERN North Area, exploits a
400 GeV/c primary proton beam from
the SPS. 2 x 102 protons/spill
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u The NA62 detector
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Upstream particle:

GTK: Si pixel tracker
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Decay region detectors (7t*): Vetos:
KTAG: Differential Cherenkov for K" ID STRAW: Track momentum spectrometer LAV/IRC/SAC:
CHOD: Scintillator hodoscope photons
CHANTI: Anti-counter for inelastic RICH: For /u/e ID MUV3:

interactions

LKR/MUV1/2: Calorimetric systems muons



Selection steps:
K* and " track reconstruction

©)

©)

LO: presence of charged particles
and u/y veto
L1: K* ID+ photon veto

K*- 7" matching

©)

Excellent time resolution O(100ps)

Decay vertex FV + other cuts
7+ ID (u* rejection ~ 10°®)
Photon rejection (~ 10®)
Kinematic cuts (m? _ , p_):

©)

Signal regions + control regions
defined: blind analysis performed
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Collimator

Upstream background

Vacuum tank

Extra scattering on
re-entry

Fake Vertex

..................................

STRAW1,2

Fiducial decay region

STRAW3,4 RICH

OLD collimator, “S1” sample early 2018

Collimator

/A
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Collimator ||
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Fiducial decay region

NEW collimator, “S2” majority of 2018 s



Upstream background

Track extrapolation at collimator in enriched sample of upstream events (data).
Red boxes: collimator coverage.
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Random veto efficiency

BR(K* —

Single Event Sensitivity
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ntum) =

Photon rejection
LKr veto
LAV veto

IRC+SAC veto
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Photon + multiplicity rejection
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SES
g ) MB
-BR(K* = 77 1°) - Agr - €4rig
D - Ngpx - Anwv - €RV - ezrrléz
Subset S1 Subset S2

.. % 10 3.14 11.6
A % 102 7.62 +£0.77 11.77+1.18
A T2 3.95 + 0.40 6.37 £ 0.64
Gan 0.89 £ 0.05 0.89 £ 0.05
RV 0.66 + 0.01 0.66 + 0.01
SES x 1010 054 4+004 0144001
N> 1.56 £ 0.10 £ 0.19¢x¢ | 6.02 % 0.39 4 0.72cxs
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Random veto efficiency
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Single Event Sensitivity
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BR(K' — ntvp) =

D - Ngpx - Anwv - €RV - 6?,’2';

- Photon + multiplicity rejection
) Photon rejection

v LKr veto

LAV veto
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Cancellation of systematic effects (PID, detector
efficiencies, Kaon ID, beam related acceptance loss)
Remaining systematic uncertainties:

Trigger efficiency 5%
MC acceptance 3.5%
Rarldom Veto 2%
Background(normalization) 0.7%
Instantaneous intensity 0.7%
Total 6.5% !



Background from Kaon decays

Data driven estimation of background in control and signal region:

Fraction of events in signal
region in MINIMUM BIAS
sample

¢ K—orr Neeny = Nokg - |fiin (region)

o K —u'v

+ 4+ -
° K' >a'w'n . —$— Data
- |:| MC K*—>n*n®
MC estimation: 10° MC K*—>rndn?
- - MC K*—>n*n® uncertainty
o K'—a'me'v 10°

Region 2

Entries / (0.0025 GeV*/c*)
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Normalized entries/(4 mm)
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Upstream background

K" decays in fiducial region

—l_ Upstream sample (data)
- Background model 16 band
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e Data-driven estimate
e Evaluation using an enriched sample:
o Signal selection with inverted CDA
condition
o weighted by mistag probability
evaluated in data

Background | Subset S1 Subset S2

a0 0.23 +£0.02 | 0.52 & 0.05

ptv 0.19 +0.06 | 0.45 4+ 0.06

rtr ety 0.10 +£0.03 | 0.41 +0.10

atata 0.05+0.02 | 0.17 +0.08

7wt yy < 0.01 2000

mOlty < 0.001 < 0.001

Upstream 0.5%05] 276 0

Total LA | AgdEet "




Control regions and expectation
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Data selection 2018 unblinded
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2016 and 2017 results
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Phys. Lett. B 791 (2019) 156-166
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JHEP 11 (2020) 042
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Br (K* —-m™vv) results

2
5 12| Jlll] Exvected backgrouna
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EIO + = e Maximum likelihood fit using
é 2016, 2017 i 52 observed data and background
= 8 | expectations in each category
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collimator (S2)
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JHEP 06 (2021) 093

BR(K™' — 7tvp) = (10.615 0. £ 0.95y4¢.) x 10711 (3.40 significance)s;




BR(K[ — 7'ww) [1071]
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K* — mt*vv beyond the Standard Model

Buras et al.

JHEP11 (2015) 166

Z' (5TeV) : Constrained MFV
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New Physics: BR sensitive to the highest mass scale
New Physics Models: MFV; Simplified Z, Z’; LFU violation;MSSM; Leptoquarks..
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BR(K[ — 7'ww) [1071]
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K* — mt*vv beyond the Standard Model

Buras et al.,JHEP11 (2015) 166

Z' (5TeV) : Constrained MFV
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New Physics: BR sensitive to the highest mass scale
New Physics Models: MFV; Simplified Z, Z’; LFU violation;MSSM; Leptoquarks..
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NAG2 p

Flavour Physics | Hidden sector Physics
Search for New Physics atthe = Search for lepton flavour Search for New Physics below the EW
EW scale with sizeable coupling and number violation, scale (MeV-GeV) feebly-coupled to SM
to SM particles via indirect rare and forbidden particles via direct detection of long-
effects in loops: decays: lived particles:
Experiment main goal: K+ s nt Fet Dark Photon(DP), Axion Like
BR(K+ ot _) . _,u+ i Particle (ALPs), Dark Scalar (S),
™ ke K =7 1" Heavy neutral Lepton(N)
Kt = utvX

5 4
(Kt = 777%) 70 — invisible K™ = TN 20



LFV and LNV in Kaon decays

Lepton Number (L) and Lepton Flavour (L, L , L ) are foreseen in some BSM
theories: conservation laws in SM are not |mposed by any local gauge symmetry

¢ Lepton number violation:

K+

(7

S

wt /et

eg: K" - u'e’

B A
gl AL=2 via Majorana neutrinos

eg: K'—-atu et
L I AL =1and AL =1

T— d V|a Ieptoquark Z'..
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Kt—a*u" e* (°—ue*): analysis workflow and results

e Experimental signature: 3 charged tracks with 7* " e*

e Consistent with closed kinematics K* decay

® Theinvariant mass M__ of the three selected tracks build under the sue is used to
distinguish between signal and background (o,,~1.4 MeV)

e Normalized with K"—a w7

® Main bkg st mis-ID and decay in flight

PRL 127 131802 (2021)

1 order of magnitude g gl o =i
improvements compared to B{ET —» mopreet) < a2 x 107

previous searches B(K* - ntu—et) < 6.6 x 1071;

Upper limits at 90% CL:
i B(n" - u=et) < 3.2x 10710,

22
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Heavy neutral leptons

Right handed neutrinos or Heavy Neutral Leptons (HNL) are included in several extension of

the Standard Model

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

e Search for HNL produced in K decays:
K*—u*N, K*—e*N due to mixing with
standard model neutrinos

B(KT - u*tN) =
B(K*T — utv) - p,my) - |Upal?

e 0(10?) limits on |Ue4|? Big Bang
nucleosynthesis (BBN) allowed range
(dashed lines) excluded up to 340
MeV/c?
e 0(10%) limits on |Up4|? over the HNL
mass range of 200—384 MeV/c?
PLB 807 (2020) 135599 PLB 816 (2021) 136259 23




Conclusions

BR(K*T = 7twp) = (10615910, £ 0.95,.2.) X 10711 (3.40 significance)

. —0.5 X107

® The most precise 2 7 Experimental measurement
measurementOf K+ - ]T+VV ‘/T: 0.4 §— 3 Theoretical prediction

e Compatible with the SM v =
prediction within 1o E 03 ; E787+E949 A

® Run Il started in August 2021 =5
till 2024 o

e New K* tracker with extra = t ko
station and veto counterto 1= +
reduce upstream i |
background 0- SR B I S B L

e New calorimeter to reject K* 010 A 2
bkg decays Year of Publication

e 100% beam intensity Run Il just started: stay tuned! 24




Conclusions

BR(Kt — mtvp) = (106150 5tas. £0.94ys:.) x 10711 (3.40 significance)

® The most precise g 2T

measurement of K* — z*vv g oo /
e Compatible with the SM 3 -

orediction within 16 200~ First K* decays seen this year! f
e Run |l started in August 2021 1000 A

till 2024 800/—
e New K" tracker with extra 00

station and veto counter to 400~

reduce upstream 200F e

background ik ERAROAS00 . L . .
e New calorimeter to reject K* - TE

bkg decays _
e 100% beam intensity Run Il just started: stay tuned! 25
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Analysis strategy

m>.. = (Px — Px)?

Decay in flight technigue
Build missing invariant mass square

dpk = 1.%pk
6p. = 0.3%p,. & 0.005%p:,

00 = 40 rad
dM?=0.00196 GeV?
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K — t™vv selection

Selection steps:
e K'"and " track reconstruction
o LO: presence of charged particle

e englency
>
e

and u/y veto :
o L1: K" ID+ photon veto 07
e K'- " matching oes.
o  dT(RICH,KTAG,GTK) and closest s
distance of approach -

e Decay vertex reconstruction + cuts N1 N

e 1" ID (u" rejection)

o
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N
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e 0T & J: .- Yo 333
50 = : a0
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Ll ey SIS o i
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0(10®) muon rejection

28



K — t™vv selection

Selection steps:

K" and 7" track reconstruction
o LO: presence of charged particles
and u/y veto
o L1: K" ID+ photon veto
K*- 7% matching
o  dT(RICH,KTAG,GTK) and closest
distance of approach
Decay vertex reconstruction + cuts
7" ID (u* rejection)
Photon rejection

1 rejection inefficiency x 10°

[
(=)

All Photon vetoes

92_ 2017 data

8

6F

. 2017 data

4T 0(1078) photon rejection

3L

1

1F —

s 20 25 30 35 40

nt momentum [GeV/c]
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Conclusions

BR(K*T = 7twp) = (10615910, £ 0.95,.2.) X 10711 (3.40 significance)

05 x10~°

® The most preCise L_; ) ;_ I Experimental measurement
measure_ment_Of K+ - .7'E+V'V _F 0.4 §— Theoretical prediction

e Compatible with the SM v
prediction within 1o e = E787+E949 A

e Large improvements on =
most of the LFV and LNV K" ,, =
decays: sensitivity up to = ! ko
O(10™) 0.1 :

e Limitson |U_|?and |UM4|2: - |
0(10°) and O(10®) mass 0- . ‘20|10‘ . L J20|15‘ L .20\20‘
;jlnsl(; %44(200)_462(384) Year of Publication

eV/c

Run Il just started: stay tuned! 30




