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The NA62 Experiment

A NAG62: High precision fixadrget Kaon experiment at CERN SPS
A Main goal: measurement of BR(© A 2z2z)
A Broader physics program: LFV / LNV fdecays, hidden sector particles searches.

a NAG62 Timeline R

A 2008: NA62 Approval
A 2014: NA62 Pilot Run (partial layout)
A 2015: Commissioning run

A Full detector installation completed in September 201

A2016 u wataset ;m R0168AThis talk)

3 v& Continuous dattaking until the end of 2018 /

~ 200 participants fromBirmingham, Bratislava, Bristol, Bucharest, CERINng GMUFairfax,

Pisa, Pragudlrotving Roma I, Roma Il, San Luis Potosi, Torino, TRIUMF, Vancouver UBC

Ferrara, Firenze, Frascati, Glasgow, Lancaster, Liverpool, Louvain, Mainz, Moscow, Napoli, Peru
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The+ © A z decay

S uwct d

A High sensitivity toN\ew Physics
A FCN(@rocess forbidden at tree level
A HighlyCKM suppresseBR ~ |VxViy| 2

v v

A Very clean theoreticallyshort distance contribution
A hadronic matrix element extracted from precisely measuredtBR{ A A 2)
A SMpredictions
BR¢ © A 2z)=(8.4£1.0)x 1011
BR¢ O A 2zz)=(3.4£0.6)x 10
A ExperimentaResult
BRE O A 22)=0 ® g)x 1011  [PhysRevD 77, 052003 (2008), PhiRev D 79, 092004 (2009)]

BR¢ O A 22) <2.6x 108(90% C.L) [PhysRevD 81, 072004 (2010)]

[Buraset al. JHEP 1511 (2015) 33]
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+ O A %z and New Physics

Measurement of chargedr( © A zz)and neutral{ © A 2zz) modes can
discriminate among different NP scenarios

Buras, Butiazzo, Knegjgnis

MEZSTE R Models with CKMike flavorstructure:

Lb az2zRSfa gAOK acCt

A Models with new flavouwiolating
Interactions in which either LH or RH
currents dominate:
LZz Y2RSta @AGK LIdzN

BR(K, — #'vv) x 10"

Ay or A only: _ b [AOGGE STpdrity 33a G A UK
€x N m A? . ) . .

[ xmow/ Ve | A Models without above constraints:

\Gencral NP 2 *?;g.xmm b w | -ﬁLFI?I(ﬂI’Lfmf

15 2I0 2I5 30
BR(K" — #*vv) x 1011
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Analysis Strategy

A New Decay in flight technique

A Signall beam track, 1 charged track, nothing else : - .
A BackgroundK* decay modes beam act|V|tyP o ) B Keé 2??12/'8:: riggéjlfzmenta.
A Kmematlcsmmzss (Pg+ — Pr+)? \\" By A 15 <gPTr+ 235 GEV??(;SS
| P, A 60 m long decay region
BleF E K" —n*n?
FEEW;_ Y Experimental principles:
- ] 1. Precise kinematic reconstruction
1072 = 2. PID: K upstreant) * / “ downstream
= Region 3. Hermetic’ detection
10° e 4. Subns timing
10° 3 \ Keystone:
10° A O (100 ps) Timing between sditectors
- ™ A O (10) background suppression from kinematics
108 e fﬁ A > 10 Muon suppression
- / A >10*“°(from K h* ** % suppression
10750 o0 0 02 hos hos b0 od 012 A Signal and background control regions are kept
s [GOVIE blind throughout the analysis
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NA62 La.yOUt Secondary positive Beam:

A 75 GeV/c momentum Dipole spectrometer

SPS Beam: A 1 % bite 106nraddivergence (RMS) | 4 strawtracker stations
ﬁ 40%1(256\// ¢ protons A 60x30 mmz2 transverse size | \;etc_)
\ 3.5s spi A 33x101pppon T10 (750 MHz at GTK3) l
2 - CHOD
] STRAW
] Beam tracking r veto | LAV MUV],2
] Si pixels, 3 stations [ ' Iron
B RERRE a (RICHI N Muv3
Target KTAG GTK SAC
o _ i

0 : —— e ama e CHANTI— Vacuum - —
Differential CerenkoV t 1 .[ I eto
1 for K* ID in the beam l l l l l_\ l l HASC

Decay Region: Charged vetd Dum
] A 60 m long fiducial region Deca IRC P
2 A ~5 MHz Kdecay rate =~ <—— |;{e(_;]i03r/1 LKr
A Vacuum ~ O(1€) mbar 1 atm Ne ¢ veto
(L -
| ' ' I T T . T T T T T T | T | | . . I >
0 100 150 200 250 7 [m]
m

JACOPO PINZINO 6

02/07/2019




Signal Selection

K* decay events in the fiducial decay region
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A selection:
A K*Decay Event
A Fiducial Decay Region
AtINOIAGOES L5Y -
A Photon rejection
A Multiple charged particle rejection
A Kinematic Selection of the Signal Regions

Performance:
AT 0 #108 (64% * efficiency)
AT o ¢10%
A K& ) =p¢gl03GeVt/c
A K;~ O(100 ps)
Process Branching ratio
K+t - ntn®(y) 0.2067
Kt - ptv(y) 0.6356
Kt - ntntn™ 0.0558
Kt > ttn~etv 425-107°




Kinematic suppression

E Ko decays « Data Control Sample lhree ways to compute th@
: . . ' STRAW, GTK) :
Minimum bias o ( ' Protects against
5 MC Control Sample 4 > . .
10 ’ A C( (RICH, GTK) mis-reconstruction
MC K**n®(y) A & (STRAW, Beam)

Kinematic suppression:

A - AAOCDEAADA
A Samples of K,and K,

A Selected using calorimeters

dN/(0.00065 GeV/c?)
: 3

[—
=
b

UL
-0.04 —0.02 0 0.02 0.04 0.06 0.08
m2,  [GeV*/c?]

[ Fraction of Events in signal regions:
A+ O AANXDpépT
H A+ o I 2 o¢gp T

|l

A Radiativen +r © x30A rejection in R2

-
—]
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Single Event Sensitivity (SES)

5 O-OIi % - Source L SES(1%)
N . K" — mwMC
E 0.08% Random Veto 10.17
£0.06 40.05
L 04% 3% R2 I\k —
0'02 % = = ——= Trigger efficiency .04
0% | S ' Definitionmfregion #0.10
4’-‘”% Momentum spectrum 10.01
~0.04
_0_06% Extra activity +0.09
0,08 e e Simulatiort ofteractions 10.02
" momentum [GeVi/c] GTK Pileup simulation #0.02
Acceptance K+ Y “*$il 0.04+0.001 Total 10 .24
Normalization acceptance 0.1
(K*Y A*A9
PNN trigger efficiency 087002 | GEG= (3,15E0.0%,E0.24,) N 2 D
Number of K* in the fiducial (1.21+0.02) x 10t
volume
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Background summary

Process Expected events in R1+R2
K*Y “*$f(SM) | 0.267%0.001,%0.02Q,,,+0.032,
Total Background 0.15%£0.09,,,+0.0L

KV 0 1B 0.064+0.007,,£0.008,

KV {7 (1) 1B 0.020+0.003,+0.003

KW -+ ety TBUD UB |, E0.00Q,,

KAy -+ 0.002+0.00,,,£0.002, ,
UpstreamBackground B T § |y
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:; 0.01?% K" — 7w MC

> R + data A1 event

S, 0'08% et _ observed in

= 0-04% A0 events
0.02§ observed In

Og AN AN CR1

—0.02? A2 events
—0.04§ . observed in
_0'06§ i 2z CR

] | ] ]
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Result
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Result

A 1 observed Events

A SES £3.15E0.01,,,E0.24, )N 2 0
A Expected Background & 1¥5J_r0.095t(,ﬂio.013yst

R+ O A za)<p1 D@I95% CL
R+ O A z2)<pp D@9a%w CL
R+ O A zz2)=cq® 80 B@68% CL

0 0 OO

For comparison:
A SM predictionBR¢ © A 22)g,=(0.84+0.10)x 1010
A BNL E949/E787 (Kaon decays at r&R(+ O A 22),,=pX 05 O B
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2017Data Selection and SE™ R

sensitive to the signal

A 2016like selection ’ 3
A Comparable to the 2016 analysis 2 0120 213
performances e Sy
o Better treatment of pileup in IRC %0’08:_ | *
and SAC 2 0-06 Signal Region 2
onm: f 2réesthdd inefficiency -t ol
compared to 2016(1.45 0.1)x 108 002 = = T
o Slightly improved usage of RICH q: i
variables

NAG62 Preliminary

Ny (13+1) x 101 nt Momentum [GeV/c]
SES (0.34+0.04) x 167 Masked to validate
Expected SM © A 2z 2 5+0.4 upstream background
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2017Data: backgrounds

data and background models
A Good agreement betweem

miss

from kaon decays

model and

data confirms validity of estimated background

A 2017 data allows detailed comparison between
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dN/(0.00195 GeVZ/c?)

—e— Data
[ K'on*vv [MC]
K*-u*v(y) [Control Data]
pm K'n*n® [Control Data)
102 % E K%y [MC)
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¢‘ K'-n're'v [MC)
10 '
107! &
1072
g
|

l I

-0

g b | koo -
02 0 0.2 0.04 0.06 0.08
m2. [GeV?/c’]



