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The NA62 Experiment

* NA62: High precision fixed-target Kaon experiment at CERN SPS
e Main goal: measurement of BR(K* —» mtuv)
* Broader physics program: LFV / LNV in K* decays, hidden sector particles searches.
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a NA62 Timeline

* 2008: NA62 Approval
* 2014: NA62 Pilot Run (partial layout)

* 2015: Commissioning run

e 2016 : Iirst mvv dataset in 2016
* Continuous data-taking until the end of 2018

. k data-taking will be resumed in 2021 with improvements/

* Full detector installation completed in September 2016

~

~ 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 I, Roma Il, San Luis Potosi, Torino, TRIUMF, Vancouver UBC
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The K = 1ruv decay

* High sensitivity to New Physics
 FCNC process forbidden at tree level
* Highly CKM suppressed (BR ~ |V, XV,4]?)

Very clean theoretically: Short distance contribution

hadronic matrix element extracted from precisely measured BR(K* — mle*v)

PFECIS?_ SM p:_ed_ICtIOI'\SZ [Buras et al. JHEP 1511 (2015) 33] BR(B* —» TTv) = (0_77t8:gg) % 10-4
BR(K™ - m™uv)=(8.4+1.0) X 1011 :> BR(B = Kutp™) = (0.99+9:49+0.13) » 10-6
BR(K; —» m'v0)=(3.4+0.6) x 10 BR(B™ - p™n')=(6.26 £ 1.70 + 0.34) X 10°

= -9

Previous Experimental Result: BR(Bq > ¢n) =(1.18+ 0.84 4 0.03) x 10
BR(K* — m*vU)(E787/E949) = (17_326:2) % 1011 [Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009)]
BR(K; —» m°u0)(E391a) < 2.6 X 108 (90% C.L) [Phys. Rev. D 81, 072004 (2010)]

24/02/2021

JACOPO PINZINO 3



High sensitivity to New Physics

FCNC process forbidden at tree level

Highly CKM suppressed (BR ~ |V, xV4|?)

Very clean theoretically: Short distance contribution

l ]
su _ Gr -

S (VAViaX! + Vi ViaX (20)) (5d)v—a (1) v

:E’,:‘U-,T

eff — V2 27 sin? Oy 3

* G,isthe Fermi constant,

* aisthe electromagnetic coupling constant,

* U, is the weak mixing angle,

» X' are functions describing the contribution of the c-quark to the
amplitude A, (with I =, p,1),

* X(x.) is function describing the contribution of the t-quark,

* (8d)y_4 and (V;v;)y_,4 are the quark and lepton neutral weak
currents with vector - axial vector structure.

The contribution is proporzional to
the square of the loop particles:
For example x, = m?/M3,
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K — 1muv and New Physics

Measurement of charged (Kt — m*vU) and neutral (K, - m’vU) modes can
discriminate among different NP scenarios
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Models with CKM-like flavor structure (Models with MFV)
[Buras, Buttazzo,Knegjens, JHEP11(2015)166]

Custodial Randall-Sundrum
[Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]
Simplified Z, Z' models
[Buras, Buttazzo,Knegjens, JHEP11(2015)166]
Littlest Higgs with T-parity
[Blanke, Buras, Recksiegel, Eur.Phys.J. C76 (2016) 182]

LFU violation models
[Isidori et al., Eur. Phys. J. C (2017) 77: 618]

Leptoquarks
[S. Fajfer, N. Kosnik, L. Vale Silva, arXiv:1802.00786v1 (2018)]

MSSM analyses
[Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006) 064]

JACOPO PINZINO 5



K — 1muv and New Physics

Measurement of charged (Kt — m*vU) and neutral (K, - m’vU) modes can
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K — 1muv and New Physics

Measurement of charged (Kt — m*vU) and neutral (K, - m’vU) modes can
discriminate among different NP scenarios
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K — 1mmuv and the LFU violation

The Measurement of K* — mtuU together with BT — K**uU can can probe
the Lepton-Flavour Universality

vvvvvvvvvvvvvvvvvvv

* An interactions responsible for LFU violations can ol Ee
couple mainly to the third generation of left- |
handed fermions;

« K = muv is the only kaon decays with third-
generation leptons (the T neutrinos) in the final
state;

* A deviations from the Standard Model [
predictions in K — muv branching ratios should or i
be closely correlated to similar effectsin B — | NAB2 | ]
Koo ol . N I '

10 x BR(K* — ntvi)

L
<
———

10° x BR(B" — K**'vD)
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<
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K — 1uv Experimental State of the Art

> E B v 90% CL
] ] +Z104Eg vcame'rl'_'j?:mg —— Measurement
Previous experiments JE
. K1O E
e <<Kaon decay at rest>> technique 5 F Kems
L. 10°
= Kaon can be efficiently separated from the other =
beam particles e JE787
= Almost all the kaons decay in the fiducial volume 10° - VET87
« E787+E949: K* decays: ~3.5x1012 10 E787_
Single Event Sensitivity: ~0.8-10719 10_10; SM : Br(K* >1v¥) = (8.41.0)<10°" | l } | fE78T+E0s0
+ BR(K* - mtud)=(17.3%11%) x 101 E | . 5 erereEoss
[Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009)] 10 = e75——fess 1980 2000 2010 2020
Publication Date
(a) Barrel TVt “x ~ : S0.em
Velo- [ Y . Ay
BVL% some projects never realised:
Range = , Downstream ' y ' A= . .
> :;C Photon Veto .”i'f /d'/ \ \\\ A e KAMI,
Endcﬁ | —J - . R i ) . « CKM,
Collar _ o
K Beam Y /'] St — = —— = —F - Barrel ' KOPIO’
rowevie/ 860 oy \\ et Veto RSSC * ProjectX.
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K — 1uv Today
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K — 1uv Today
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K — m®ub at KOTO
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Hermetic detector and efficient photon detection

Outcome from 2016-17-18 data:

SES=6.9x 1010

Total background from data expected = 1.05 + 0.28

0.04 SM signal events expected

4 (3) events found in signal region: marginally consistent with the
expected background

K™* background found: now the largest one

Dedicated run 2020: estimation of the K+ background

Upgrade: New charged veto detector to reduce the K* background

BR(K, —» mYv0)(SM) = (3.4 +0.6) x 101
BR(K; — m’uD)(KOTO) < 3.0 x 10° (2015 data)
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NA62 I_ayO Ut Secondary positive Beam:

SPS Beam: * 1% bite 100 mrad divergence (RMS) 4 straw-tracker stations
400 Ge;y/c protons " * 60x30 mm?2 transverse size ;Vet(_)
X [m] 1,9-10 .”protons/spl K* (6%)/Tt* (70%)/p(24%) MUVO e/scint
A 3.55 spl . 33x10 ppp on T10 (750 MHz at GTK3)
2 - STRAW CHOD
i Beam tracking Y veto LAV MUVer
Lo Si pixels, 3 stations . ! T T .| | {RICH Iron
: RERE o MUV3
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0 ——-aa=as CHANTI— Vacuum ; i+ — T — P
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1] for K* ID in the beam l l l l 1_\ l l { RICH
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: * 60 m long fiducial region
2 ] N . Decay LKr
* ~5 MHzK* decay rate - Region E—— w/m ID
* Vacuum ~ O(10°) mbar 1 atm Ne Y veto
(L .
[ )T ! I ! I ! L L I | I I ! J | J J 1 ! I ! e
0 100 150 200 250 (m
Z[m
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Some photos
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Analysis Strategy

* New Decay in flight technique
= K*production cross section increases with the proton energy
= the detection of photons from background decays is easier at high energy

e Signal: 1 beam track, 1 charged track, nothing else

Key analysis requirements:
2 signal regions in mZ,;.
P, e« 15< Pr+<35(45in 2018) GeV/c

* 60 m long decay region

*  Background: K* decay modes; beam activity Experimental principles:
*  Kinematics: m2,; . = (Py+ — P +)2 1. Precise kinematic reconstruction
2. PID: K upstream, e / u/ m downstream
o 1 = ety 3. HermetiF Y detection
S r 4. Sub-ns timing
"lrig1Er1 =
102 Region Keystone:
= e 0(100 ps) Timing between sub-detectors
= « 0 (10% background suppression from kinematics
e e >107 Muon suppression
-  >107 % (from K* = 1 %) suppression
mff;— e Signal and background control regions are kept blind
- throughout he analysis
mﬁg_ e 7 categoriesin 2018 (hardware configurations and momentum)
W:'o'm' SR AU SN M I . use.of MVA for particle identification and upstream background
See | | | | me._[GeVlc! rejection
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Signal Selection

K* decay events in the fiducial decay region nvv selection:

5 * K*Decay Event
& 2, D 7 * Fiducial Decay Region
3 M 5 I L * Particle ID: t*
T 01— * Photon rejection
%E4m2 B * Multiple charged particle rejection
T e — e 103 * Kinematic Selection of the Signal Regions
0.05 5
i 3 Performance:
- _:’ """"""""""""""" = e >10% Kinematic background suppression
o4 A © 210 Muon suppression
i Ky e 2107 1 (from K*=>1t*n®) suppression
I * 0(100 ps) timing between sub-detectors
-0.05—
I = Process Branching ratio
f | K+t - ntn®(y) 0.2067
ORIV CUTEN I BT ™ 2 ookl s SR P o S S K* - ptv 0.6356
0% 710 20 30 40 50 60 70 80 90 100 V)
p_. [GeV/c] Kt - nttntn™ 0.0558
Kt - ntnetv 4.25-107°
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Result of 2016 and 2017 data taking
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7t momentum [GeV/c]

2016

1 events observed

SES=3.15x 1010

Br(K*=>m*vv) < 14x101° @ 90% CL
Phys. Lett. B 791 (2019) 156-166
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. data

- +

- R0 T RO [ ISMK'>ntvw

L | ‘ T T A B L P o |

0 15 20 25 30 = -

" momentum [GeV/c]

2017

2 events observed
SES =0.389 x 1010
Br(K*=>m*vv) < 1,7x101° @ 90% CL

[J. High Energ. Phys. 2020, 42 (2020)]




2018 data after signal selection

r'ntrie background

/ region
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Single Event Sensitivity (SES)

Error
Nea:p ~ Nﬂ“n‘ riooer TvY ES — u get JiaD.
TV €trigger€RV Aﬂﬂ BT‘(’]T’H‘) ::> S.E.S ——

exTp
Nrvw Trigger efficiency 5%
] MC acceptance 3.5%
? £ Random Veto 2%
‘5 0.9 f_ Background(normalization) 0.7%
éu:‘a 0.8 ;_ Instantaneous intensity 0.7%
c —
‘§ 0.7 & Total 6.5%
=06
"g -
< 0.5 = » K*=>m'n®decay used for normalization
0.4 - e Cancellation of systematic effects (PID, Detector
03 : Photon + multiplicity rejection efficiencies, kaon ID and beam related acceptance
- ¢ Photon rejection loss)
0.2~ LKr veto
0.1 = i LAV veto 11
0§||||||||||||II|II|||IIII|IIII|IIII|IIII|IIII|IIII SES :(1,11 :: 0.07) . 10
0 100 200 300 400 500 600 700 800 9001000

Intensity [MHz]
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Background from Kaon Decay Estimation

Data in m*n’ region after mvv

selection (including n°rejection
Control K*>rt*ndata used to study ( & ] )

the tails of the m? . _distribution
‘i; 107 i —+— Data
N> ? |:| MC K*—nr*r® exp , + 0 .
§ 10° £ MC K' 577070 [NM (7 cagwn)]: N (77| frin (region)
g‘ e i_ B Mc k' uncertainty 1 1
S - .
3 10° = 7 N e Expected K*—m*n” in Fraction of w° in
= - . .
E 100 L signal regions after signal region
, - the vv selection measured on control
10° = data
10 é— *++**
. - T HT * The same procedure is used for K* - pu*v and K* - 't
ST T A A I AR B | Y R R ¢ K-> m*rretv, estimation entirely using MC simulations
002 0 002 0.04 0.06 0.08 0.1 normalized to the S.E.S.
m?. [GeV?/c’]
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Upstream background

Upstream background Type 1~ Vewun

LOW Y @ TRIM5 * Pions produced upstream the fiducial

volume
o Early K* decay
o Interaction of beam particles with
the beam spectrometer material
* Pions can be associated to an accidental
particle of the beam line
 Dangerous if coupled with pion scattering
in the first spectrometer chamber
e Kaon-pion association and geometrical
cuts effective
 The geometrical origin of those events
allow to define samples for backgrounds
| TR validation
e Data driven background estimation

Fiducial decay region
110-165 m

STRAW1,2 STRAW3,4 RICH

Upstream background Type 2 Vocuum tank

HIGHY @ TRIM>5

Extra scattering on
re-entry

Fiducial decay region
110-165m

STRAW1,2 STRAW3,4 RICH

JACOPO PINZINO 22
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Background summary

Process Expected events in R1+R2 (2018 data)
K* — v (SM) 7.58 + 0.40syst = 0.75,,
Total Background 5.28%092

K*— mtml(y) 0.75 + 0.04

K"— p*v (y) 0.49 + 0.05

K"— 1t ey, 0.50 £ 0.11

Kf— mrntm 0.24 £+ 0.08

K*— ntyy < 0,01

K*— motv <0,001

Upstream Background 3.31053

Background expectations validated in control regions using a blind procedure
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Control regions: main decays

= 0.1 ;
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0‘02 _— 10 gﬁﬁd" "3"-"‘ ‘jﬂaf'i,.qf’w ur‘ :;"*:4-\!“ -:-"';“-;f‘-":‘_".:‘-*: ( * } Measured
| (7.2t0.9) —P% — 37 (expected)
0 — ///////////// e 2482
B 11 =
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174 SRR
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Control regions: K*= mtfrtev, and upstream

K= mt*rrety, Upstream background
wn o F e ’ ........................................ D O S PTPOFFPTO ¥ ] : : .
= ; ; = Expectation
= . = 3
% - Expectation % 10 $— Data
s 10° k=) S SO RS I
E E ...............................................................................................................................................................................
: 5
Z. Z. 10?

10 10

1 | L1 1 1 | [ I | L1 1 1 | L1 1 1 | L 11 1 | L1 1 1 |
0.5 1 1.5 2 2.5 3 3.5
Sample

* Data samples defined by inverting signal selection criteria
* The sensitivity of some control samples comparable to the S.E.S.
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Before unblinding 2018 data

0.06
0.04

s
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o012
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Result

W02 Data
T - SM K* -1V
§ 0.1 E— 6,
5 0.08 — s
T 0.06 e e ® o

0.04 - = ~
0.02 IETIEXRRES SN 3t e

®
e
O o .. * ., .0‘. PP : * “....

—0.02
—-0.04

15 20 25 30 35 40 45
7t momentum [GeV/c]

5.3 background + 7.6 SM signal events expected, 17 events observed
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2

m..... Signal and background in the 2018 data
Integrated over the full i+ momentum
104 ; E?Exw (SM) = EZEH ‘

I K Sutv(y) K*->n*ne*v
I K sptv, ut— et [ ] Upstream

Entries / (0.005 GeV#/c?)

10!

-2
10 —0.02 0 0,02 0.04 0.06 0.08 0.1

m2. [GeV?/c*]
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K — 1muv Result and historical context
107

= V | Camerini
— Experimental upper limit @ 90 % CL

10°°

Experimental measurement
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Year of Publication
NA62 Run1(2016 + 2017 + 2018) result:

Br(K* — mtvv) = (11.052,,, £ 0.3,,) - 10" (3.50 significance)
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K — 1muv Result and historical context

? E_ Experimental measurement
g —
T = o2 vl Theoretical prediction
+ L] — SRR
<z
&L - E787+E949
=03 — NAG62
T E . Runl
— ‘16 +17
2010 2015 2020
NA62 Run1(2016 + 2017 + 2018) result: Year of Publication
Br(K+ -» wtud) = (11.07%2  +0.3 - 1011 (3.50 significance
3.5stat syst
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K — 1uv result and SM

-8
{ n KOTO Exclusion 90% CL
T [
AR S —
T 107 |= Grossman-Nir Exclusion //
== = /
B NA62 Run1i
10710 E787/E949
- =
— ISM
10—11 I | | NI B | | I I [ 1 1 1 | [ 1 1 1 | I I | | [ 1 1 1

5 10 15 20 25 30 35
Br(K*—>n*vv) x 10
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Future (<2025)

NA62 (Run2):

* Hardware improvements

KOTO (step 1):
* Main ring power increase
* Hardware improvements

24/02/2021

—
S
S

B(KL—m"vV)

—
S
>

10—10

1074

= SM

- NA62 Run2

5 10
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Future (=2025)

K Facility at CERN:
° K+/KO
 NAG62-like / KLEVER

KOTO (step 2):

* Hardware upgrade

(-
<
o

i UV/AFC
' Y
”l[m £ ﬂ -,
@ ﬁ (pry =40 GeV

80 m from target
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Result summary

Result from the complete Run 1(2016 + 2017 + 2018):

 Observed events: 1 (2016) + 2 (2017) + 17(2018) = 20 (Run 1)

* Expected background ~0.2 (2016) + 1.5 (2017) + 5.3 (2018) = 7 (Run 1)
* Br(K* - mtud) = (11.0558,,, + 0.3, - 101! (3.50 significance)

* The most precise measurement of the BR obtained so far

The result is compatible with the SM prediction within one standard deviation

The next Run (2021):

* NA62 will resume data-taking in 2021

 Modifications of the NA62 beam line, installation of an additional beam
spectrometer station and a veto counter to reduce upstream background

* New calorimeter downstream of MUV and upstream of the beam dump to
further suppress kaon decay background

* More information can be found in the NA62 SPSC addendum
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https://cds.cern.ch/record/2691873

NAG62: Broader physics program

= Rare kaon decays
= LNV/LFV in kaon decays
= Exotic searches:

o HNL searches

o Dark Photon

o Axion-like particle




LFV & LNV in Kaon Decays

d
Violation of LN and LF conservation laws - o u‘._@'/
—— [+

predicted in BSM models (for example via
Majorana neutrinos or leptoquark)

S <« -------- < d
Yio .
\\ \\ LNV/LFV searches in NA62:

I+ Iy e 2017 + 2018 data
e Blind analysis
* Normalization to SM decays (K*=>m*l*I~ and K*>nt* t* )

1

Previous experimental results:  Acceptance:
* BR(K*>mete*)<6.4x101° @ 90% CL o ~5% for K*>me*e” and K*->men
[BNL E865 : PRL 85 2877 (2000)] o 10% for K*>mptu*
* BR(K*>mp*u’) <8.6x10 @ 90% CL * Main background is due to pion mis-identification and

[CERN NA48/2 : PLB769 67 (2017)] pion decays in flight
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LFV & LNV results

Decay Previous BR upper NA62 BR upper
limit @ 90% CL [PDG] | limit @ 90% CL
Kt ->nutut 8.6x10711 4.2x10~11 Improve by factor 2 with 17 data [PLB 797 (2019) 134794]
Kt > n ete? 6.4x10710 2.2x10710 Improve by factor 3 with 17 data [PL8 797 (2019) 134794]
K* - nputet 5.0x1071° 4.2x10™11 Improve by factor 12 with 17+18 data
Kt ->natuet 5.2x10710 6.6x10~11 Improve by factor 8 with 17+18 data
Kt ->ntute” 1.3x10~ 1 Not yet competitive with previous dedicated experiment
Kt - uvete® 2.1x107® Stay tuned... SES~1x1071° [17 data]

Kt e vutut

No previous limit...

Stay tuned... SES~5x10711 [17 data](first search)

24/02/2021
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Exotic searches example: HNL

A generic possibility of k sterile |Upy |2 ﬁ‘Str"ph:’S".:a: & cosmological
neutrino mass states: 10° :‘ I -
3+k 10710 % X-ray constraints —E
g >1 b
Vo = ZUﬂfiyﬂ' (I‘}! — F‘H“".'T)' 1015 ﬂ.g ! . -
i=1 =11 ;
Lo o N
102 (25 .
: : . Co < N
The “neutrino portal” is motivated by s s |
its relation to neutrino mass generation. 10 | :
1a'3n L1 IiIIIII| 1 IIIIII]I 1 IIIIII]I L IIIII]I | IIJIIlI L_L1LLl
The vMSM: the most economical theory 0" 10° 0" 10?10 - 1[feV] 10°
accounting for v masses and oscillations, 10° :
baryogenesis, and dark matter. 10° - ‘
[Asaka, Blanchet, Shaposhnikov, 107 =) ;&pprgmn‘!ate&'z AU
PLB 631 (2005) 151] 10 | Q7 production & decay .
10 . searches

l“"\-.‘_‘

Three Heavy Neutral Leptons (HNLs): - |

m,~10 keV [DM candidate]; m, ;~1 GeV/c2. 1<0.1s -
GeV-scale HNLs can be observed via 10+12
1 1 m, ; [GeV]10

Shaposhnikov, JHEP 0808 (2008) 008
Boyarsky et al., Ann.Rev.Nucl.Part.5¢ci.59 (2009) 191

n-'1 0

their production and decay.
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HNL summary
510"55 ek Nac200) I
R f "}j‘“ NKSUN KN NAG2 (2015) Full 2016 - 18 data set for |U_,|?,
> | el ~1/3 of the data set for |U_,|2.
{ﬂ-lD—'E'_ ....................................................................................... “-4
“~  ETRIUMF ¢ Improvement over earlier
=2 - ot —e*N ]
c [ production searches by up to two
=107 L 7 o ) orders of magnitude in terms of

- (2016-17) | Ue4 | 2,

P IR DYI=T RN A Bka ly MV et | For |U,4|? the BBN-allowed
range is excluded upto 340 MeV.
:PIENI:.IN | [PLB 807 (2020) 135599]

Y IO AL AL TN £ W S N ARt AT 7 e

107 hes (501718 For |U 4|7, the sensitivity
:I | ] IHI T:.icl_rr‘ll | | 1 111 | L 111 | L 111 | L 111 L1 11 |I 1 11 | ] approaCheS the E949 One; the
50 100 150 200 250 300 350 400 450

HNL mass [MeV/c?] search extends to 383 MeV.
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Rare Kaon Decay example: (K*f>mrutu)

FCNC decay described in the scope of ChPT, mediated by one photon exchange K*>mt*Y”

[Nucl. Phys. B291 (1987) 692—-719], [Phys. Part. Nucl. Lett. 5 (2008) 76—84]

Together with K*->rmt*fe*e allow to
Test the Lepton Flavour Universality.
A precise measurement of these
decays could provide an evidence

complementary to the B anomaly
seen by LHCb.

[Phys. Rev. Lett. 122, 191801 (2019)]
[JHEP 02, 049 (2019)]

24/02/2021
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Preliminary result K* >t

* Ng= 6.76 - 10'% using the 2017+2018 data sample
* Preliminary K, result consistent with K__, FF parameters - no tension in LFU observed

T
rryrrrryprrerrjprrrrprrrrprrrrrrrrrpr T | L L L L L L LILEL LI I
NA6Z Preliminary NA6Z2 Preliminary
| | | | | I
E865, K___ (1999) .y E865, K___ (1999) .
10300 events — statistical error only | i i 10300 events — statistical error only | i i
NA48/2, K___ (2009) —.-— NA48/2, K__ (2009) o
7253 events 7253 events I
NA48/2, Hrquu (2011) - NAA48/2, Hrquu (2011) —
3120 events 3120 events
NAGZ, Hrr.uu (2020) — this result . NAG2, H:up (2020) — this result o
28011 events 28011 events
I T N T T T T T T N T T O I A [N N T Y N T T N T T T T O T Y | L1 L1
09 085 08 075 07 065 06 —{IIE-E -2 -18 16 14 12 -1 08 —[]t"-
Form factor parameter a Form factor parameter b
E865, Kee: [Phys. Rev. Lett. 83 (1999) 4482-4485]
Br(K*>m*pu) = (9.27 + 0.11) - 108 NA48/2, Kee: [Phys. Lett. B 677 (2009) 246-254]

NA48/2, K: [Phys. Lett. B 697 (2011) 107-115]
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LFU Fellini project

| have started recently a FELLINI project that aims to measure precisely (enhancing the
precision by a factor 5) the form factor parameters a and b, by collecting O(200k)
candidates of K*>mt*u* u and K*>mnt*e* e decays.

Current limitations:
= Statistic error: during the 2016-2018 run there was a trigger downscaling conditions
that limited the collected statistic;
= Systematics error:
 The main source of systematic error is due to the tracks’ reconstruction algorithm
(optimized for one track events, mis-reconstruction due to accidental hits);
A secondary source of error is due to the trigger inefficiency: STRAW tracker high
level trigger and charged hodoscope hardware trigger.

ey = —0.564 £0.0344 £ 0.0244y £0.001,, = —0.564 +0.042
Diher = —0.797 £0.1184 0. 1145, +0.003,,; = —0.797 £0.164
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Conclusion

K* - mttuu:

* Result from the complete Run 1(2016 + 2017 + 2018) compatible with
the SM prediction within one standard deviation

Br(K* — mtvv) = (11.05 2, £ 0.3,,) - 10" (3.50 significance)

* The most precise measurement of the BR obtained so far

* Upper limit improved for LFV and LNV channels (K*=>rI*I* and K*<>mep)
* [Uyl?and [U,|* limit improved for the HNL

* Preliminary K, result consistent with K, ., FF parameters
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GigaTracker (GTK)

£ 10 =
Beam Conditions: = 400 3
+  Overall Rate 750 MHz > 300 =
* In beam centre 140 KHz/pixel 0 oyl ok ;
Precision: | J 200 =
e Hit Time resolution < 200 ps =5 '
e Direction resolution = 16 prad 10 100
* Momentum resolution = 0.2% 0

=30 -20 -10 0 10 20 30
X [mm]

Overview

* 18000 pixel/station (200 x 90)
e 300 x 300 um?

* Thicknes =500 pm (< 0.5% X,)
* Total area =62.8 x 27 mm?
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} x PM’ Ring Image Corrector Light path Mirror

K / \G at Diaphragm/ / /
/ ! ,."r
\ / / [/

j/L

a1m

* Filled with nitrogen (N2) at 1.75 bar at room

temperature
* total of 3.5 x 102 X, of material
* Can be filled with H, (7 x 1073 X,)

Time resolution = 70 ps ~r— —

JACOPO PINZINO
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Straw Tracker

e Ultra-thin Straws installed in Vacuum

4 Chambers each measures 4
coordinates (views)

* High accuracy (130um per View)

* High efficiency

e Straws: 2.1m long and ¢i =9.8mm);

e Straw Material: 50 nm Cu + 20 nm Au
on 36 um of Mylar

* Total 7168 Straws (4x4x4x112)

e Gas: Ar/CO2 (70/30)

* Material Budget of the Spectrometer:

U view

1.8% of X0 ) g
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RICH

B, 2 x 976 PMs
- Mirror Mosaic (17m focal length)

e 17.5mlong

* 4.2 mwide

* 18 hexagonal mirrors

* Neon at about 990 mbar
* Time resolution <100 ps Beam_

Vessel: ~17 m long, filled with Neon
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Large-angle veto system (LAV)

e 12 stations

* Full geometric coverage from 8.5 to 50
mrad

* Inonly 0.2% of K*=>mnt* n°, decayed in
the fiducial region, one photon is
outside acceptance

* Inefficiency < 10
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Liquid Krypton Calorimeter

* guasi-homogeneous calorimeter
* filled with about 9000 litres of ,
liquid krypton at 120 K
* 127 cm depth (27 X,) -
e 13248 longitudinal cells with a
cross section of about 2 x 2 cm?

CuBe ribbons Beam tube

Back plate

Front plate

24/02/2021
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Muon Veto

MUV 1+ 2

* iron/scintillator sandwich

e 24(MUV1) and 22(MUV?2)
detection layers

* Alternating horizontal and vertical
scintillator strips J I

MUV3

e After 80 cm of iron

* Fast muon trigger

e Tiles scintillators + PMT

MUV1 MUV2 MUV3
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Result

"E 12 Expected background :
% Expected SM signal + background |
|
= 10 ——&—— Observed data i
S B |
2 - @
— |
E 8 @
L |
“ 6 ‘ |
| |
B i
4— |
I |
2
0 T T N T T N ST SN N AN N [ IR \|i|\\\\||||\
0 1 2 3 4 5 6 7 8
 Maximum likelihood fit using signal and background expectation in each category Category

 Two samples with different hardware configurations in 2018:
o 2018 S1~80% of the 2018 dataset, 5 GeV/c wide bins from 15-45 GeV/c
o 2018 S2 ~ 20% of the 2018 dataset, integrated over momentum
o 2016 and 2017 datasets, integrated over momentum added as separate categories
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R e S u l t "E 12 Expected background :
2 . Expected SM signal + background |
> |
= 10 ——— Observed data i
S B |
2 o |

— |

g o @
— |

Z 6 | |
~ |

- @

4— |

— |

0 1 2 3 4 5 6 7 8
Category

NA62 Run1(2016 + 2017 + 2018) result:
Br(K* — m*vv) = (11.05 2, £ 0.3, - 10" (3.50 significance)
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- -t
Kr>mutu
* Expected background in the blinded region: 0.91 + 0.41
* One candidate observed in the signal region

« BR(K" » nTutu™) <4.2-10""@ 90% CL

SM selection LNV selection

L tNA62 © ENA62 ~»- Daia
210°F 210°F K -t
S E s E B K o' npty
Tinel Tl Bl K —r'nety
S10° S10° B Koo
..GE; . - "GE,' , - / K+—);}*V}1*p‘ (x10)
131 0 EE u>.|1 0 EE o

10°F 10°F

10k 10E
1 -

2 2 | Ty
107380 400 420 440 460 480 500 520 10 380 400 420 440 460 480 500 520
m(r*p) MeV/c?) m(m pp*) MeV/c?)
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Kr—>mete”
* Expected background in the blinded region: 0.16 + 0.03

* No candidate observed in the signal region
« BR(K" - mTeTe?)<2.2:-10°@ 90% CL

SM selection LNV selection

oL [ D NA62] & [NA62
> F |dK'-n'n'n 2 1L 1t
E C (Il K '=nne'v E .
= [ |[EK'-e've'e = [
210° |IlK >e'ey] o'y £ r
5 - + ot -x »
o : [ ]K'>n*e'e o
@ or | o'k

10 = H -

e 10%E
_‘| - B
10 - I [ | K'—[e'ey] e'v

ol || -3
300 350 400 450 500 550 0 250 300 350 400 450 500 550
m(r*e*e’) [MeV/c?) m(me'e*) [MeV/c?]
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K*—>mutet and Kr—>rtfue”

[BR(K' -7 pte’) < 4.2x10 L @90% CL | [ BR(IK" - 7 i e™) < 6.6x10-11 @ 90% CL |

5105? [T ¢ v sen 5105? ; Data (K'>mwe* sel)
= L : > - | K'sm*ntn
=10%¢ | 210*E ¥ Koo
% - i ‘E" ; i i K smtutp-
%103— | %103— | e,
G102l h u>J102;_ Prelii i)
; E .* i i I Total uncertainty
10;— ~ Total uncertainty 10 o
1 f 1L m *
107 1071 |
10_2;_| 10—2;_ I I | I | | | || | | [
Q 1.6 Q 1.6 ;
$ie $14 e ———
R —— 5 i —
0.8 L - 0.8E- :;
O} S . JU S S — { B | SRS R S 00012 1" UM USSR MNSSUSN SU | N — S —
04511 1[T|T1r1|r1r“1""1" ITlTilT 0.43—r"'}1|T1|T1[1|T1r1 il
300 350 400 450 8500 550 600 300 350 400 450 qOO 550 600
M. [MeV/c?] o M., [MeV/c?]
Bkg. Prediction: Observe 0 Bkg. Prediction: Observe 2
NEot — .
NERE = 1.06 +0.20 events in SR Nsg" =0.92+0.34  eventsin SR
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HNL production in K* decay
BR(P*—>2*N) = BR(P*—>2"V) x po(my) x |Uy4|?

O(1) R. Shrock, PLB96 (1980) 159

4.5¢ Kinematic factor p,(my)
5 .
W —
o -
: 3 5'_ K+_)£ +N
c™ %t pu(my)
o F WUEN
E 3¢
vt *+* HNL production is enhanced
820 kinematically wrt SM decays
S 2F (except near kinematic endpoints).
Qo F P (my)xR
51'5;_ SN %+ Factor ~10° enhancement
o T Ry = EEE*—*E*V;f’ in the K*—>e*N case:
o— E +_}“+v o~ . . .
< 0.5 = 2 5x105 helicity suppression is relaxed.
: ll]lllll]llll] 111 L1 1 Il|]JIIl||III|.|J

L
00 350 400 450 500
HNL mass [MeV/c?]

JIIl II
q) 50 100 150 200 250
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Data Sample

o (3.52+
o (4.29 +

A spike in the continuous m

Number of K* in fiducial volume:

0.02) - 102 positron case
0.02) - 10° muon case

miss

spectrum is a HNL production signal

Squared missing mass: (P,—P,)?

Squared missing mass: (PK_pu)z

é(‘_}“ II ; — Data -n:—;ev §K+ + —— Data
ol - S UV
:q>)1 GE E_ ............... I:I K e’y - n —*U Y : 103 E BR_=6I14%’. .................................... I:I K"'_)l_l—.u,v. {ET{'“] MQV] i
g = | Ko _D K ouy Ij ™o (upstream) | " 920M candidates [ K —pevy (E 10 Mev)
8 T 105 H 10? E_ ........................ ..................................... - K Sty {upstream) .
=3 ] a3 = |:| K—nan
:“3 i 10° R | e — e
§1G = R -
o e, R S 105 E_ ........................................................................................... 5_ ............................
~ T P . TR T + ______ H _H_!:__???_‘_F_‘E_h _______ *
I . T 10 : r eg1 on
+ + — :
1 04 — !J; —e’vv Iy = 103 g
= (suppressed by - =
- good vertex (accidental | /BIEPREIE vy .
B resolution) ) ﬂ] ”
B ' ' T L B A T TR S [T T TN TN NN TN SN NN S NN |_|| Il |_|| | I I |
0 0.05 01 0.15 0.2 -0.1 -0.05 0 0.05 D 1 ) 0415
mZ,.. [GeV7/c’] M7 [GeV/cT]
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Acceptance & single event sensitivity

= Standard K, selection:

p. < 30 GeV/c

= Auxiliary K, selection:

p. <20 GeV/c

Definitions: BRegs = 1/(NyA), |Ups | %ses = BRges / [BR(K™

24/02/2021

Acceptance

Acceptance VS mass

Single event sensitivity

0.3—
0.25 :_ SOPPUTUUUUU UUUOOOUUUROON FOPOURRSOOOO SOOI SOSOPOPOOONn. S HOTTTTPUUOPIIE URURSOOOOOONt SOOOOON
0‘2:_ .................. ..........................................................................................
B K* —)B+N
L standard
015__ [UUUUTURUURUE-DUURTRORY SRR S-S
0_1:_ ' b X
: . K* —)E+N ; i ;
= auxlllar '
0.05 o _E ................. ................. ......... j"’__ , ................. | *
D—.I-.I‘TI-I_I.IllllllIIiIJIIIlIII]ILIJilIIIi.I
100 150 200 250 300 350 400 450

HNL mass [MeV/c?]
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Single-event sensitivity vs mass
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Upper limits on BR (KT — 1*N)

UL on BR(K*—e*N) vs my UL on BR(K*—u*N) vs my

| — Observed UL (20% CL) —— Observed UL (90% CL)

- - - Expected UL (1,20 bands)

. |--- Expected UL (21,20 bands}

= 90% CL
= Upper Limit vs HNL
mass hypothesis

UL on B(K*—e*N) x10® at 90% CL

o2 WL A B R AtV AR A |

500" 5E0 300 350 400 450 0220 240 260 280 300 320 340 360 380
HNL mass hypothesis [MeV/c?] HNL mass hypothesis [MeV/c?]

* Inthe e* case, maximum local significance of 3.6 for m =346 MeV/c.
= Accounting for look-elsewhere effect, global significance = 2.2
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HNL Comparison to decay searches

(CERN-PBC-REPORT-2018-007; update: Gaia Lanfranchi, PBC meeting, 6 Nov 2019)

Summary of |U_ |2 limits vs my,
in the electron dominance scenario: |U,4|2=|U4]|%=0

f';} . M \\ B EWPD D

L SHIP.2x10° pot

LT - solid: without B,
- dotted: with B, (upper limit)

MATHUSLA200, 3 ab’

solid: B.D mesans

UL on |U.|?2 at 90% CL

NA62 ;-2 s e SR
preliminary 0.1 1 10 100
(1/3 of data: Assuming electron dominance, HNL mass [GeV/c?]

superseded now) ¥ improving on the decay search at PS191;
v complementary to the decay search at T2K;
v BBN-allowed range is excluded up to m =340 MeV/c2.
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HNL Comparison to decay searches

HNL mass resolution vs mass Resolution on squared mass
— — | 500016 VS mass

fury
(=]

]IIIIIIII[II]IIIIIII|I[II]I[III]IIIIIIII[IIII

g

[GeV?/c
o
o
ot
5

ion

0.001

ss resolut

Mass resolution [MeV/c?]

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

e T - S ) I = I N« + B ]

a
o
o
o
o
=)
TTT [T T[T T T]

=

e L P S . .y R SR

TTTT
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Selection for each HNL mass hypothesis (my,, ) includes a “mass window” condition:
| m'mHNLl <1 .50m
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HNL Comparison to decay searches

(CERN-PBC-REPORT-2018-007; update: Gaia Lanfranchi, PBC meeting, 6 Nov 2019)

Summary of [U ,|Z limits vs my,,
in the muon dominance scenario: |U.4|%=|U._4|2%=0
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NAGZ preliminary: approaching the E949 (production) and T2K (decay) limits
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