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The FCNC process K*—m*vv VA62 Q

B(KT — ntvp)

S 0P
‘\\
2.9 % PSP(X)
Vo] 1.8 %

Xi
o other

9.9 %

/
d W
Theoretical error budget
m FCNC IOOp processes: s — d coupling and highest CKM suppression Buras. et. al., JHEP11(2015)033

] Theoretically clean: Short distance contribution dominated.
B Hadronic matrix element measured with K; decays

B SM predictions:[Brod, Gorbahn, Stamou, Phys. Rev.D 83, 034030 (2011)],[Buras. et. al., JHEP11(2015)033 ]

BR(K"T — 77vp) = (8.39£0.30) x 10~ Vsl )™ ( i )0'74 (8.4+1.0) x 1071
T = . . — = . .
0.0407 73.2°

W Experimental result:[Phys. Rev. D 79, 092004 (2009)]

BR(K" — ntuw) = (17.371)2) x 10 (BNL, "kaon decays at rest”)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.034030
https://link.springer.com/article/10.1007%2FJHEP11(2015)033
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.092004
https://link.springer.com/article/10.1007%2FJHEP11(2015)033

K*—a*vv beyond the Standard Model

BR(K — nvir) [1074]

Slmphﬁed Z,7 models [Buras, Buttazzo,Knegjens, JHEP11(2015)166]

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

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

NAGZ

Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]

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

Littlest Higgs with T—parity [Blanke, Buras, Recksiegel, Eur.Phys.]J. C76 (2016) 182]

Constraints from existing measurements (correlations model dependent)

% Kaon mixing, CKM elements, K, B rare meson decays, NP limits from direct searches

Z'(5 TeV) in Constrained MFV

Z' (5TeV) : Constrained MFV

D=1 {ex, Mg} 20
mm {AMp, AMg} Q20
b= spTpT @20 (1503.06199)

o —

-
-
o=

BR(K* — ntww) [107Y]

Randall Sundrum

BriK*-atvy)

K*—m*vv: first NA62 results (R. Marchevski)

10° x BR(B* — K**vir)

LFU violation

Belle & 90°% CL.

10 20 30
10" x BR(K* — wtvw)

«l

ol


https://arxiv.org/abs/0812.3803
https://inspirehep.net/record/1319646
https://arxiv.org/abs/hep-ph/0604074
https://link.springer.com/article/10.1007%2FJHEP11%282015%29166
https://arxiv.org/abs/1507.06316
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5202-1
https://arxiv.org/abs/1802.00786v1

Kaons and the CKM unitarity triangle

NAGZ ()

K. — v
Kg — nlete”

K — eeyy

K —nlTe” { Kp—a’yy [*

Kp—ptp” {

Kp—yy: K — e

KL—>€

_I_

Te~ete™, et

&

e putu”

0.3

0.5

-1.3

Good Lt drad raas CL 008G

K —smvw (NAB2)

[th. uncartainty) -

Joe

IIII|I|II|IIII||III|III|I'IIII_

Hypothetical CKM fit to K > mvw
10% mmtsifor K* and K; -

e Prospective study on rare Kaons

EFE 16

1.0

0.3 0.0 0.3 1.0 1= = 20

p

® The CKM unitarity triangle can be constrained by kaon physics alone

® Comparison with B physics can provide description of NP flavour dynamics
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History of K*—m*vv progres

NAGZ ()

BR(K*—7*VV)
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Kaon physics @ NA62

B Primary goal

% Measurement of BR(K+—m+vv)
B Kaon decay-in-flight technique
B Requirements

% 101 kaon decays

% Signal acceptance O(10%)

% 0(1022) background rejection

B Broad physics program

~ 200 participants from: Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna, GMU-Fairfax, Ferrara, Firenze,
Frascati, Glasgow, Lancaster, Liverpool, Louvain, Mainz, Merced, Moscow, Napoli, Perugia, Pisa, Prague, Protvino,
Roma I, Roma II, San Luis Potosi, Sofia, Torino, TRIUMF, Vancouver UBC

|
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Analysis strategy

gl o2
NEW —| Fo.18
Decay in flight 1§22 = (P_.—P_.)? e
. miss K £ 0.14
technique
012
0.1
0.08
0.086
0.04
0.02
0
Process Branching ratio
K* -’ 0.2066
K*—>|1*vFl 0.6356
K- 0.0558
K'—mme'v, 4.25x107

K' - n(y)

Region I

0] 0.02 0.04 0.06 0.08 0.1 0.12

I mZ,__ [GeVZic?)

15 <P +<35GeV/c

Particle ID(Cherenkov detectors)
Particle ID(Calorimeters)
Photon veto

Multi-charged rejection
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Keystones of the analysis

® Timing between sub-detectors ~ O(100 ps)
® Kinematic suppression ~ O(104)
= Muon suppression > 107

® 710 suppression (from K+— g0 ) > 107

Signal and background control regions are kept blind
throughout the analysis

K*—m*vv: first NA62 results (R. Marchevski) 8



NAG62 runs WAEZ é

2014 Pilot run

2015 Commissioning run
2016 Commissioning + Physics run

| 2017 Physics run

218 days Physms run scheduled

ammnlmloed ol nl, ol ol ol u B

1.8

s ;

. o
T
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NAG62 beam and detector

X [m]
2 -
1 —
{ Target KTAG GTK
0 ] - F—— —ammmwmaae GrHIANTT
f 1jrRc Dump
, ] 400 GeV/c MNP33 LK
SPS protons J
G w00 10 200 250
Z[m]
W Secondary positive Beam: W Decay Region:
# 75 GeV/c momentum, 1 % bite # 60 m long fiducial region
# 100 urad divergence (RMS) % ~5 MHz K* decay rate
#* 60x30 mm? transverse size % Vacuum ~ O(10°¢) mbar

% K*(6%)/7*(70%)/p(24%)
#* 33x10" ppp on T10 (750 MHz at GTK3)

|
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http://iopscience.iop.org/1748-0221/12/05/P05025

NAG62 beam and detector

X [m]

LAV

Target KTAG GTK

f. f

: N Dum
, ] 400 GeV/c MNP33 :_'?(c i
SPS protons d
G w00 10 200 250
Z[m]
W Upstream detectors (K*): B Decay Region detectors (17):
% KTAG: Cherenkov counter for K* ID #% STRAW: Massless straw tracker (1.8% X )
% GTK: Si pixel beam tracker % CHOD: Two scintillator hodoscopes to tag the

% CHANTI: Anti-counter for activity induced 3% LKr/MUV1/MUV2 : Calorimetric system for o ID
by inelastic beam-GTK3 interactions
#% RICH: Cherenkov counter for 7t/p ID
#% LAV/SAC/IRC: Photon veto detectors
% MUV3: Muon veto
# HASC/MUVO: Off-acceptance vetoes

|
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http://iopscience.iop.org/1748-0221/12/05/P05025

Data set WAEZ é

B 2016 Data, 4 weeks of data taking

® Trigger streams:
% “PNN”:
© Hardware (L0): RICH hits, Hodoscope, No muons, < 20 GeV in LKr
© Software (L1): KTAG in time, No signals in LAV, Momentum in straw < 50 GeV/c

% “Control (minumum bias, downscaled)”:

@ L0: Hodoscope hits

B Offline analysis

Bad data based on detector performances identified on a spill-by-spill basis
Data samples: PNN; Control: K+ —n+no, Ke— -, Ke—prv,
Signal selection tuned on MC, 10% PNN data, control data

Analysis in four 5 GeV/c wide 7T+ momentum bins, from 15 to 35 GeV/c

* % ¥ O %

Blind analysis procedure: signal and control regions kept masked for the whole analysis

|
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K*—mn*vv analysis VA62 Q

1. Selection

# K- decays with a single charged particles in the final state
#% Particle identification: 7t
#% Photon and multi-charged rejection
# Kinematic selection of signal regions
2. Determination of the Single Event Sensitivity (SES)
3. Estimation and validation of the expected background

4. Opening of the signal regions and results

K *—mtvv : first NA62 results (R. Marchevski) 14



1. Selection

|
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n* tracking: Straw spectrometer

~ X0
NU L
=~ -
AR 6=0.7 MeV/c?
B Straws aligned in time and drift time E 3
measured vs trigger time < 1
: : : Z 251
W Straws aligned geometrically using = B
straight tracks =
B Measured 3D B map and stray field -
included in track reconstruction 1.5 -
B >95% reconstruction efficiency 1 f_
B Final calibration using: K+—m+m+m- 0.5 E_
0 " L T
0.485 0.49 0.495 0.5

M(Tttn) [GeV/e?]
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" ID: RICH

W Mirrors aligned using: laser, tracks
reconstructed from straw spectrometer

Monitored using e+ (~16 hits / e+ ring)
B PM’s aligned vs KTAG time: ring o(t) ~ 80 ps

B Ring - spectrometer track matched comparing
ring centre and flight direction

oz
— E oy : =
= s +X side g
R = 2200
¥ = 200
T 0sF Bl = 180 —{ 10
>~ - 4 = : :
B T = 160f .
ki [!,5-5 _%j 140 |
E ) + o 120F
=k 100F-
1.5 [
; E{]E—w - 1
A A s T os T s 2 s, ol il pms Dt iy mn Yo s
0 10 20 30 50 60 70 80 90
{Xring — Xref) l[mm p [GeV/c]
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K* ID: KTAG 62 :

B Geometrically aligned with the beam
B Pressure scan: optimal working point for K+
B PM’s time alignment and time walk corrections: o(t) ~ 70 ps
m K- signal from at least 5-fold coincidence (>95% efficiency)
§ _I T T TT | T 1T | T 1T T TT | . NC = 5 | T 1T T 1T T I_
Light box Spherical mirror § 102 = :g‘qi‘ . NC = =
; 3 O E o* ‘e - NC = " E
- ‘ ]
-E Al ’ ! eome Ne=8 I-’ ﬂ }
5 I Beas: : E
2 F w ot “ s 3
c_Eu : T . . °® ': ]
P g EE we P e 3
1 AR ' Rits, ~.a 109 ¥ id K s % x ,, =
& . = i . (Il = i ¥ § 74 3
o £ \ IQuartzmpdow i ' i ’ o — i :§ x E T % -
A \ 4 : with a focusing lens N /e : > L i : B i? LI E _
S % . '.. : . \ 10—6 = | f J:l_ T * =
«,‘__:“ Beam pipe \.4 : = ﬁ J_ T l ]ﬁ @ ﬂ 1 ﬁ l =
O Light guide with - e > B ]
hght Couecring fones 1 0—? 1 1 { ; IJ.l. | I | || l 1 1 | (| m } |- I.l I | I | 1 1
1.6 1.65 1.7 1.75 . 1.85 9 1.95 2

Pressure [bar]
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K* tracking: GigaTracker VA62 Q

B 4D kaon track reconstruction using trigger and KTAG as time reference

B Time offset corrections dependent on Station, Chip, Column, Row of the pixel
B Pixel - by — Pixel time walk corrections (o(t) < 150 ps per station)
—

Stations aligned with straw Spectrometer and calibrated using K+—m+7m+m-

Y
GTK1 GTK3
75 GeV/e |
I
dY = -60 mm
1 1
400

300

O-ring

\ P
| |

- |

Hit rate [kHz/mm?]

200

100

=30 =20 =10 0 10 20 30

steel vesse I X [””"]

el vess
(in vacuum)
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K- it association

NAGZ ()

® KTAG - GigaTracker — RICH time matching — Kaon decay time (tg.,,)
W GigaTracker — Straw Spectrometer spatial matching (CDA)
B 3.5% (<1%) K+ mis-tag if K+ track (not) present, dependent on beam intensity

W 75% K- reconstruction and ID efficiency

x10° <107
21200 - o K (data) »€4500 —— K (data)
i - - Accidental_ E __ Accidental
= = Beam Particle (data) 4000 Beam Particle (data)
<1000 - &
> 6 ~ 110 ps 3500 | 6~ 1.4 mm
= Y
800 [ % 3000 :
- 2500
00 — n
¢ - 2000 -
400 - 1500 £
- 1000 [
200 — =
500 —
0 |||||||||||||¥ 0: =,,--|...|
—06 -04 0.2 0 0.2 04 0.6 0 5 10 15 20 25 30 35 40
Terk-Tirac [ns] CDA [mm]
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Selection of kaon decays

X4 KTAG GTK | Pk
B Selection of K decays 0l { { ' L

% K - 1 association

I|IlIII.III|III|IIIIIIIII|III

#* Z vertex (110 and 165 m)
# Track slope

10°

# Track projection at collimator

% No activity in CHANTI

10°
B Tracks from «upstream»

% mismatching in GTK
#* Decays along the beam line 10

% Beam particle interactions in GTK

o
21T
LI ] i
w e b

| | | .I | J 1 1 1 | 1 1 1 | 1 1 1 | | |_| -I. I. | | |
0780 80 100 120 140 160 180 200
Z ertex [M]

1
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Kaon-decay kinematics VA62 é

s (StraW, GTK) = (Pn+ - PK+)2’ mn+ hypOtheSiS

:_'-':3 i Control data
s [ 4 , 10*
S I ' TN region
€ [
CUREE | T = 10°
0.05[~ =— Signal region 2
. : (R2)
n'n’region . PL-»»>R»zOH P
o R e Signal region 1
'V region ————p o (R1)
-0.05 : 10
_0 | :-:'; -I- -I:I ] | I | 11 | | I-ll- ;-"I ?.;I"-l"ﬁ-l"-l-'-l'-} 'I"r I-F J-;I-I"I -_-|-F'|'-|:-; -I;—f_-f"[ L 111 '1
b 10 20 30 40 50 60 70 80 90 100

P [GeV/c]
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Kinematic resolution Mﬂﬁz Q

><10

( ) : : : » Data
p‘lT = 0.3% @ 0.005% - p+ | —— Analytical interpolation

— | Pnt | | | I Contribution from P .
— 6(pk) | Contribution from 6.
u = 0.2% | o Contribution from P,

14— _PK — Contribution from e

1.8

1.6

miss
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Particle ID with calorimeters

NAGZ

B Electromagnetic calo (LKr), Hadronic calo (MUV1, 2), scintillator blocks (MUV3)

B MUV3+BDT classifier using: energy, energy sharing, clusters shape

W 0.6x10-5 p- efficiency vs 77% 7+ efficiency

7t identification efficiency

&
0
n

&
0

0.75

&
Q

0.65

&
=)

0.55

[ 1 | ‘
ut efficiency

\

l.l+

———

15 2

0 |

25.

30 35
Momentum [GeV/c]
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Particle ID with RICH

Track driven Likelihood particle ID discriminant

Particle mass using track momentum

Momentum measurement under mass hypothesis (velocity - spectrometer)

2.5x10-3 p+ efficiency vs 82% m+ efficiency

nt identification efficiency

1
0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
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Photon rejection L

= (3
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rad
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Photon and multi-charged rejection VA62 Q

® Timing coincidence of signals in LKr, LAV, SAV not associated to m+ and t;..,,
®m Coincidences of signals in LKr and hodoscopes not associated to i+, in time with tg,.,,
B No hits in time in HASC and MUVO0 (off-acceptance veto); segments rejection in Straw
B Typical timing coincidences: +3 to +5 ns; energy dependent time cuts in LKr
B Fraction of surviving K+—m+m0 (15 — 35 momentum range) : ~ 2.5 x 108
® High suppression of Kr—m+m+m-, Kr—mm-e+v,
. Before rejection After rejection
X
N - .= ) -
N 1200 Control data T o12- PNN data
3 -~ (downascaled by 400) < B
2 1000 y 10— _—
2 800 g 8-
e - S -
Z 600 7 - —
z o z © pus
400 4
i i3 .
_ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 L ‘ L L : 1 1 1 1 ‘ 1 1 | L ‘ L L L L ‘ | 1 1 1 ‘ 1 1 1 1 ‘ \4\'\ 1 ‘ 1 L
070015 0016 0.017 0018 0019 0.02 0.021 070015 0016 0017 0018 0019 002 0.021
m2. [GeVZ/c'] m2, [GeVZ/c’]
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Signal MC after selection

T AR

K" — 1w MC

< Cherenkov threshold for =

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

Data after selection

0.12

0.1
0.08
2 0.06
0.04
0.02
0
—-0.02
—-0.04
—-0.06
—-0.08

[GeVZ/c?

2
mm

NAGZ

5 d
\% A%

T Y

T region

¢ K" —» n'vwwMC
-
,#;' e —4-data
Signal region 2 (R2)
AGAFYPEHR s ™ Fee v T e ey 2 & a ®

Signal region 1 (R1)

v control region

iiit:ti - U

.

p'v region

'
control
region

e’
region

~ 7t

iy control

region

15

20

25 30

7t momentum [GeV/c]

K *—m*vv: first NA62 results (R. Marchevski)

| 1
35

29



2. Single Event
Sensitivity (SES)



Signal Event Sensitivity (SES) definition NA62 Q

® Normalization: K+ — m+m® from control data

B Same m+vv selection: y, multiplicity rejection not applied; m2_;, cuts modified

N -D 1
Ng = 1. BR SES =
y J
N Number of K*decays ERV Random veto efficiency
N,r ~6-10° Number of Kt — 770 €trig  Lrigger efficiency
A ~0.1 Normalization acceptance A, Signal acceptance
D = 400 Control-trigger downscaling ] 7 momentum bin

Ng+ = (1.21 +0.02) x 10*!
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Signal acceptance

B Computed with MC

B Particle ID, losses due to interactions included

—— Total Acceptance
Acceptance Region 1
Acceptance Region 2
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0.002 =

1

n
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th
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35
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Trigger efliciency

B Measured on data using K+— 7m0 selected from control triggers

B Losses mainly from L0, L1 efficiency ~ 0.97

Trigger Efficiency / (5 GeV/c)

1

0.95

0.9

0.85

0.8
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:_ L0 trigger efficiency

e

-] T I

- T 1

- I

: 1 | 1 1 | 1 1 | 1 1

5 20 25 30 35
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Random veto

NAGZ

5 d
\% A%

® Random signal losses due to y+ multi-charged rejection measured with K+—p+v,

B &y ~ 0.76 independent of P

Efficiency

1
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Single event sensitivity results

A1

SES = (3.15 £ 0.01,59 £ 0.24,,,,) x 1071

Noob(SM) = 0.267 £ 0.001 44t £ 0.0204y5¢ £ 0.032¢44

m

Acceptance K+ — 7

PNN trigger efhiciency 0.87 +0.2

Random veto

Source 6SES (10719
Random Veto BT
Ng +0.05
o7 a0 L0 % Trigeer efficiency +0.04
Definition of 77" region +0.10
076 +004  Momentum spectrum +0.01
Simulation of m+ interactions +0.09
Extra activity +0.02
GTK Pileup simulation +0.02
Total +H{).24
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3. Background
estimation



K*—n*n’(y) background

Events in m*n’region after
vV selection

T

NZP(region) = [ Nw (7T ar0); - fj&m[?*egmnﬂ
\ ) \ J

!

/T\ ‘
& . . .
Expected events | Fraction of events in region

" momentum bin

W [ (region) measured: m+° sample selected tagging the m° with 2 y’s in Lkr
B MC studies with and without 0 tagging

B 70 and kinematic rejection assumed independent
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K*—n'n’ background

Kinematic tails

— _ 107
'cru = s Data Control Sample g 2 ;( — e— Total Tail Fraction
T sl [ Jwoconssample | 5 15 o rton egon
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%1 A R R ] _Region o
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K*—n'n’y background
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R1 . R2

oo,

.'ﬁ:. I-;. wm‘rll

iR

|" ||]||
o .| i hw.
i |||l|||i| I
—0.04 —0.02 0  0.02 004 0.06 0.08
[GeVZ/e?

IﬂlSS

NAGZ ()

B Radiative tail in R2 estimated from MC:

% x6 higher than kinematic tails

W Single-y veto efficiency measured on data

B Measured mrejection reproduced on MC

W 710y rejection of the radiative tail in R2
estimated from MC:

% x30 better than single 7 rejection

Number of expected events

Region Tt OV
R1 0
R2 0.005 =0.009ys¢
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K*—m*n’(y) background estimation VA62 Q

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

16 18 20 22 24 26 28 30 32 34
7t momentum [GeV/c]

—e— SM K" — wtvw (MC)

|

+ —e— K" — 7*n%(y) bg (data driven)

N events R1+R2

||I‘IIII‘IIII‘IIII‘IIII‘II I‘IIII‘IHI‘I\H‘IIH
L
+

NY9

V9 oy = 0.064 £ 0.0074¢as £ 0.0064y¢
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K*—m*n’(y) background validation

Region ot ol
CRI1 0.52 £0.08444: = 0.034y st
CR2 0.94 £0.144¢4: £ 0.054y4¢

Events observed CR1: 0
Events observed CR2: 1

NAGZ

5 d
\% A%

2
T 0.04%
) 002% N e ;
| | ] | ] | ] | ] ] ] | | | | ] |
15 20 25 30 35
7t momentum [GeV/c]
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K*—p'v (y) background

Events in p*vregion after
v selection

N ex : i AT+, . . £kin p
NP (region) = [I\ (rrv); - 1 (Tegmn]]
\ ) s \ J
‘ g . . .
Expected events v Fraction of events in region region

1 momentum bin

W [ (region) measured: p+v sample selected tagging the p+ and applying y rejection
B Same method applied to MC
B PID and kinematic rejection assumed independent

% Independence tested measuring muon PID with RICH directly on tails.

K *—mtvv : first NA62 results (R. Marchevski)
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K*—p'v (y) background

dN/(0.00065 GeV*/c?
= 32 35 5 3

(—
=

‘|IIII| T IIIIIII|

IIIII| T IIIIIII| I IIIIIII| T

- Al

R1 %

# Data Control Sample
|:| MC Control Sample
[ Imckspnv)

T||l|r5|i.|| s I
nﬂ I} ]l
h

T ul h..

ildl

07 x10~°

Kinematic tails

0.6

0.5

0.4

0.3

0.2

0.1

Total Tail Fraction
Tail Fraction Region 1
Tail Fraction Region 2

Number of expected events

Region

25

K2 (7)

30
P .[GeV/c]

35

—0.04 —-0.02

0

0.02 004 0.06 008 R1

[GeVcd]

mlSS

0.019 +0.035¢4¢ = 0.03 455t

R2

0.0012 £0.00024¢4¢ = 0.0006ys¢
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K+—>p+vp(y) background estimation NA62 Q

§ 0.1¢ K* — w*v,(y) bg (data driven)
— —— — ulY ata driven
T 009 e SME" o TW MO
X 0.08—
& —
§ 0.07 :
z 0.06 +
0.05" +
0.04
0.03—
0.02 :
0.01-
0:I|I.|Illiigiii|I‘|II|II|II|I
16 18 20 22 24 26 28 30 32 34
Tt momentum [GeV/c]

NY9

u(y) = 0.020 = 0.0035¢4¢ £ 0.003 ;¢
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K*—p'v (y) background validation NA62 Q

Region K,2(7)
CR1 1.02 £0.164¢4¢

Events observed CR: 2

—-0.02

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

a8
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K*—n'nt*t background VA62 Q

dN/(0.0006 GeV?*/c?)

(-
]
tw

—
o
)

NeZP — N(gtata™) . fFn(R2)

TTTCTT

B N(m+m+): Event in - region after

—— Data Control Sample _ .
t+vv selection

|:| MC Control Sample

__________ MC K+—)T|: T (IVV'I'ke)

B fkn measured on a s+t~ control
sample selected tagging the m+m-pair

B Kinematic rejection factor corrected
for biases induced by the control
sample selection using MC

m [ (R2) < 10+

0. 0.02 0.04 0.06 008 0.10 0.12
[GeVZ/cY] Number of expected events

NP = 0.002 % 0.001 544¢ £ 0.002,5¢

TUTTTT

IIllSS
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K'—r'we'v (K ) background

0.12

0.1
0.08
0.06
0.04
0.02
0
—-0.02
-0.04
—-0.06
—-0.08

[GeV?*c*]

2
miss

107!

T R T
15 20 25 30 35
7t momentum [GeV/c]

B Background estimated using MC

% ~4 x 108 million events generated

m Validate using 5 different control samples enriched with K+—m+m-e+v, decays
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K'—r'we'v (K ) background

S
4.5
4
3.5
3
2.5
2
1.5
1

0.5 J
0‘||.\;“||‘\‘\|||

\ [
0.03 0.04 0.05 0.06 0.07
m2. [GeV*/c']

—— data
| | K' - n*retv, MC

Entries

L

W Single-m- events, full mvv selection, straw - multiplicity cuts inverted

® Control region: 0.026 < m?_; ., < 0.072 GeV2/c*

miss
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K'—n'me'v (K ) background estimation VAG

*E - - —=—— Expected in signal region
E 10> =— —e— Observed in control region
= Expected in control region
|'
107" =
1072 =
= | | | | | |
Reference  #1 #2 #3 #4 #5
Sample

NP = 0.01870 077 | star & 0.009,y5¢

Tmer —

K *—m*vv: first NA62 results (R. Marchevski)
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B Decays along the beam line; beam particle interactions in GTK

B Random track matched in GTK and/or possible additional energy not detected

Beam Line

Achrlomat CHANTI

I GTKL o
|
|
|

Dipole
Volume
a1

GTK3

B Specific cuts against upstream background

1) K-t matching 2)Z 3) CHANTI veto

vertex

4) cut on X, Y 7+ at the entrance of the decay volume (“Box cut”)

20

Upstream background NAGb.

K*—m*vv: first NA62 results (R. Marchevski)
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Upstream background VA62 é

B Decays along the beam line; beam particle interactions in GTK

B Random track matched in GTK and/or possible additional energy not detected

PNN data: tvv selection, K-t matching inverted, Z Box cut and CHANTI not applied

vertex’

x10° — 2r
Cha: PNN data g L PNN data
£ 600 14 E’«* L5
o B .- M :
2 a0t —' =)  CHANTI 12 = 1p
S | .2l acceptance B N
E o 10 Z 0.5 1 10
= — I g V.o il
= 2000 208 -
\-%5 0 . — 8 0 ;— :
= C - ]
~200 - DS |6 lt
- b Collimator -
~400 |- : a 4 -1
—600 :_ D|p0|e ) -15F
- Box cut -
_800_||||||||||||||||||I|III|III|III 0 _2_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII 10
~800 —600 400200 0 200 400 600 800 -2 -15 -1 -05 0 05 1 15 2
X, . (collimator) [mm] Terk-Tkrag [0s]
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NAGZ ()

Upstream background

B Bifurcation on PNN triggered data inverting: matching (cutl); Cut box (cut2)
B BCD: reference sample; B° C’ D’ B C”’: control samples — 4 control samples studied

B A:signal region; A’: control region

B.C B .C' B".C"
A(ea:'p) — T A<eajp) — D! A’(ea;p) — D!
N )
o q
85| | D &% D’
= \ \
L2 _ % B”
2| | a . ,
1] R ] B
: > Cut2 — > Cut2
Slgr.mal Out of In box ) Out of In box )
reston box box
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Upstream background

0.2
S (.18
0.16

nts

E

0.14 |

0.12

0.1
0.08
0.06
0.04
0.02

| ——=—— Expected in signal region, reference sample

Expected in signal region, control samples
uncorrelated statistical error

Reference #1 #2 #3 #4
Sample
exp
Nupstream

Events

10>

10

107!

1072

— 0.050"

—=s— Expected in signal region

—=s— Observed in control region

xpected in control region
ncorrelated statistical error

Reference #1 #2 #3 #4
Sample

0.090
0.0301stat
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Background summary

Process

Expected events in R1+R2

K™ — ntvp (SM)

0.267 + 0.001gq¢ + 0.0205y5 £ 0.032,4¢

Total Background

0.15 + 0.090¢ + 0.01ys

K+ — atal(y) IB
Kt — utv(y) IB
Kt —ntnm e v
Kt —atnta™

Upstream Background

0.064 + 0.00750; & 0.006ys;
0.020 =+ 0.003410¢ + 0.003 4y
0.01870 077 star = 0.009

0.002 + 0.0015¢0¢ & 0.0024ys¢

=+ 0.090
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4. Result

|
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Result

0.12

0.1
0.08
2 0.06
0.04
0.02

[GeVZ/cH]

2
mm

—0.02
—-0.04
—0.06
—0.08

L T Y

K" » v MC
-4 data

| ]
20 25 30 35
¥ momentum [GeV/c]
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Result

0.12

0.1
0.08
2 0.06
0.04
0.02

[GeVZ/cH]

2
mm

—0.02
—-0.04
—0.06
—0.08

L T Y

K" » v MC
-4 data

-
I.,;.

* . "

L

AQautoPYhos oM 0000 & o —

15

| ]
20 25 30 35
¥ momentum [GeV/c]

One event observed in R2
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Result 2 Q
,g,: 0.12 7
r:':; 0_1% . o K" - 7w MC
6 0-08% = ',:‘i * . *e , +data
E 0.06%
0.02§ d;wu aPotans ¢ o :=__ a4 e .
==———=— ———=m
0
.o SN Jprebgd
_0.02§ LI - ® . %.::".‘ .
—0.04§
_ l |
0.08 15 20 25 30 35

¥ momentum [GeV/c]
One event observed in R2
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Result: RICH ring for the event VA62 Q

Run 6646, Burst 953, Event 543854, Track 1

E L e L
§1 500 e ggggg Likelihood value
S u* 0.0000+- under different
5 1.0000 hvoothes:
i00~ . 0.0000] THASS HYPOTHESIS
- PRGOS 16.05ns
S
oF o
_50 _l::‘-\.
~100,
-150— e
_200:\ | I | | [ I ‘ \HI-k\-h.\_-W“-I-“"\"“\---\-_-I-_-\P--\ [ | ‘ [ I ‘ I I | [ |
-300 -250 -200 -150 -100 -50 0 50

[mm]
Mom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000
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Result NAGZ ()

Events Observed 1
SES (3.15 £+ 0.014a¢ + 0.24y) - 1071
Expected Background 0.15 4 0.095¢4¢ = 0.01

BR(Kt — ntup) < 11 x 1071 @ 90% CL

BR(Kt = ntup) <14 x 1071Y @ 95% CL

B Expected limit: BR(K' — 2 vp) <10 x 107 @ 95% CL

® For comparison: B_R«\’K‘Jr SN 7T+yﬁ) — 28f§§ x 10~ @ 68% CL

BR(KT — ntup)sy = (8.4+1.0) x 107 SM prediction

BR(K" — muD) e, = (17.3715:2) x 1071 (BNL, "kaon decays at rest”)
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Prospects

® Processing of 2017 data is ongoing
% ~ 20 times more data than the presented statistics
% expected reduction of upstream background
% improvements of the reconstruction efficiency
® Preparing 2018 data taking
% 218 days including stops

%* ongoing studies to improve the signal acceptance
® ~ 20 SM events expected before LS2

® Running after 2018 to be approved

% Conditions for ultimate sensitivity under evaluation

K *—mtvv : first NA62 results (R. Marchevski)
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Summary

B The new NA62 decay in flight technique works

® One event observed in the 2016 data

" BRIKT - 7T1vv) <14 x 107 @ 95% CL

B O(20) events expected from 2017+2018 data.

|
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