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The K — mvv decays: a theoretical clean environment

e FCNC loop processes: s—d coupling and highest CKM suppression

e Very clean theoretically: Short distance contribution. No hadronic uncertainties.

e SM predictions [Buras et al. JHEP 1511 (2015) 33]

Vel \*° /¥ 074
BR(K* — m+v¥) = (8.39 + 0.30) - 10~11 (W) (73 20) — (0.84 + 0.10) - 10~10

2

|Vub | ’ |Vcb | ’ sin 14
BR(K %vv) = (3.36 £ 0.05) - 1071 ( ) = (0.34 + 0.06) - 1071°
(K = mvy) = (336 £ 0.05) <0.00388 0.0407) \sin732) = (034+0.06)
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K — mvv NP Sensitivity

e Simplified Z, Z” models [Buras, Buttazzo,Knegjens, JHEP 1511 (2015) 166]
e Littlest Higgs with T-parity [Blanke, Buras, Recksiegel, EPJ C76 (2016) no.4 182]
* Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]

*  MSSM non-MFV [Tanimoto, Yamamoto, PTEP 2016 (2016) no.12, 123B02; Blazek, Matak, Intl/ModPhys.A
29 (2014), 1450162; Isidori et al. JHEP 0608 (2006) 064]

e LFU violation models [Isidori et. al., Eur. Phys. J. C (2017) 77]
e Constraints from existing measurements (correlations model dependent):

* Kaon mixing and CPV, CKM fit, K,B rare meson decays, NP limits from direct searches
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Kt - ttvv Experimental State of the Art
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- «Kaon decay at rest» technique

. E787+E949: K* decays: ~3.5 x 1012, Single Event Sensitivity: ~0.8 - 1019

Phys. Rev. D 77, 052003 (2008),

+ +.=\ +1.15 —-10
BR(K — Tt VV) — (1'73—1.05) x 10 Phys. Rev. D 79, 092004 (2009)
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NA62 {, @ CERN - SPS

Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax (GMU), Ferrara, Florence, Frascati,
Glasgow, Lancaster, Liverpool, Louvain-la-Neuve, Mainz, Moscow (INR), Naples, Perugia, Pisa, Prague,
Protvino (IHEP) , Rome I, Rome II, San Luis Potosi, Sofia, TRIUMF, Turin, Vancouver (UBC)

Primary goal:
Measurement of BR(K* —» mttwv)

Technique:
K Decay — in —flight

Requirements:
* Kdecays 1013
* Signal acceptance 0(10%)
« 0(10'%) background rejection

Broader Physics program
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' NAG2 Layout

[NA62 Detector Paper, 2017 JINST 12 PO5025]

X [m]

LAV

Target KTAG GTK

0 — — L
J ]
i .
1 400 GeV/c
-2 1 SPS protons MNP33
T ijl' ! ! ! ! 1 ! ! ! ! 1 ! ! T T T T T T T T
0 100 150 200 250 (mi
. m
Secondary positive beam Decay region and Detectors
Momentum 75 GeV/c, 1% bite Fiducial region 60 m
+
Divergence (RMS) 100 prad K™ decay rate ~ 5 MHz
-6
Transverse Size 60 X 30mm? Vacuum 0(107") mbar

Composition K*(6%) /7t (70%) /p(24%) Si pixel beam tracker + Straw tracker

Nominal Intensity 33 x 101! ppp (750 MHz at GTK3) LKr Calorimeter from NA48
Cerenkov counter for K'id, RICH for m/u id
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K™ - m"vv Decay-in-flight @ NA62

m2, o= (Pg+ —P_+)2 Process Branching ratio
Kt - nrn®(y) 0.2067
K* - utv(y) 0.6356
Kt » nfntn 0.0558
Kt » ntntietv 425-107°
ot E
210
1r;r-=— 15 <P+ < 35GeV/c
m— Particle ID (Cherenkov detectors)
104— Particle ID (Calorimeters)
m— Photon veto
10° .v;a“ -

-0.04  -0.02 0 002 004 006 008 01 012
m2,. [GeVi/c!]
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Cornerstones

(0(100 ps) Timing between sub-detectors

0(10%) Background suppression from kinematics
> 107 Muon suppression
> 107 n? (from Kt —» n*n®) suppression
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NA62 Runs

S SO NN 8 2014  Pilot run

s 2015  Commissioning run

2016  Commissioning + Physics run (30 days)
= 2017 Physics run (160 days)

. 217 days Phy5|cs run scheduled on- gomg

10

25/05/2018 Giuseppe Ruggiero - Vulcano 2018



K™ - m*vv: Data Analysed

(4]

2016 Data
13 x 101! ppp on target (40% nominal)

E o)
(3]

s 2016

L
wn

Kaon Decays/TO"
w EN
L L IR

~1 x 101 K* decays useful for tvv

35-40% of nominal intensity 25¢

2r

15}

Trigger streams: «PNN», «Control» TE
0.5 15/9 411

s

L L i L L L | L L L L | L L L L | L L L L | L L L L L
260 270 280 290 300 310
day in 2016

o

Offline Analysis:
Data samples: PNN; Control: K* —» nttn®, K* - ptv, K* - ntntn~
Blind analysis procedure: signal and control regions kept masked for the whole analysis
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K™ - m™vV: Analysis Steps

Selection

Determination of the Single Event Sensitivity (SES)
Estimation and validation of the expected background

Un-blinding of the signal regions and results
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K™ - tTvv Selection

Selection

. K*- tt matching

. K* decays in the decay volume
. 1t identification

. photon rejection

. Multi track rejection

Performances (measured on data)

. GTK-KTAG-RICH timing: O(100 ps)

« mtiDrg, =107%, £.+~64%

*  y/multi rejection: g0 = 2.5+ 1078

«  o(md) ~ 1073 GeV?/c*

Selected K*decays, before
ntt id and y/multi rejection
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Data After Selection

ntttt ™ Region

% PNN data
l [ ]JK* - wvwMC
« &Y —+-data mtmd
& g - - - g .
% Control
% Signal Region 2 (R2) // Region
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Single Event Sensitivity (SES)

Nr. of K *decays from Kt — mttn® selected on control data (downscaled D=400)

Same Tt vV selection: y, multiplicity rejection not applied; mrzniss cuts modified

1 Ner - D
SES = — Ny =
i]\‘llff ) (A:'wa "ERV - Etr-ig) A K ;41ﬂ7 - BRPT

Number of KT Decays | Ng = (1.21 +0.02) x 10!
Acceptance K™ — nvw A_,, =0.040 = 0.001

PNN trigger efficiency €trig = 0.87 = 0.02
Random veto epy — 0.76 = 0.04
SES (3.15 £ 0.01 400 = 0.24,55) x 1071

Expected SM KT — 7t | 0.267 = 0.001 400 = 0.020,,5 = 0.032,¢
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Computed with MC

SES: Signal Acceptance

Particle ID, losses due to t¥interaction included

25/05/2018

Acceptance / (5 GeV/c)
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SES: Random Veto

Random signal losses due to y + multiplicity rejection measured with K* — p*v
(ery) = 0.76 + 0.04 independent from P_+, dependent on instantaneous intensity
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dN/(0.00065 GeV?/c?)

Kt - tn®(y) Background

Nz (region) = N(n*a®) - f¥" (region)
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Kt - ttn?(y) Background: Result

NP — ().064 + 0.007 g =+ 0.0064, (< 10% Radiative)

wr(y)
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Expected control regions: 1.46 £ 0.17 — Observed 1
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Kt -

1L v(y) Background

;\rexp(.regmn) _ f\r(,u.ﬂ»’) -fm”(-reg-iﬂﬂ-)

e - #L—r
'E:I': 106 — *  Data Control Sample
51; - || mc control Sample - Kinematic rejection indipendent from
5 103 _ [ IMe K Spviy particle identification
m =
2 >
S 10° = N(p*v): events (data) in u*v region
S - after T vv selection
= 3
, [ / . fRMtails, from utv control sample
10 = S selected on data with p* — IDin calo
10 |
- fFm(R1) ~107>,1073 [15,35] GeV/c
= | fE(R2) ~ 0(107°)
—0.04 -0.02 0 0.02 0.04 0.06 0.08 _
m?2, [GeV/cY] . Radiative included in f*"
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K™ - nu"v(y) Background: Result

ﬁfifﬁ?ea = 0.020 = 0.003 44 = 0.003,5
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Expected control regions: 1.02 £ 0.16 — Observed 2
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Upstream Background

K* decays along the beam line
Extra particles (e.g. m°) stopped

1t in decay region depending on:
beam material - magnetic fields

Accidental beam particle matched

Beam 1™ interactions in GTK station
ntt produced in interaction
Accidental K matched

K* interactions in GTK station
1t produced in interaction
Vertex mis-reconstructed

BEAM LINE

Final

accidental

N :
CO//I'mator_N Tbeam particle

GTK3

DN\

NN

N DECAY R\E/(ea:)el:l(

+ other topologies
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Upstream Background

tttat collimator with K¥ — t* matching inverted

= 300 PNN data
600 |-
B =
wob 3 CHANTI
acceptance

== == ==

e
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<

<

I
I
I
.
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I
3
=
=
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Final

1 b

-400

1
| .
[
o
Dipole T
Box cut

-600

l Collimator

x10°
14
12

10

_800|||||||||||||||||||||||||||||||
-800 —600 —400-200 0 200 400 600 800

X ack(Collimator) [mm]

2

0

Against upstream background
K* — m* matching
Geometrical cut around T position
at collimator (Box cut)

Zyertex » CHANTI

Upstream background estimation
Fully data driven
Cuts inversion
Limited statistics in 2016

ATETD L = 0,090
A upstream D'D"JD—{).{JH{J atat
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\ Background Summary

Process Expected events in R1+R2

K™ — 7tvw (SM) 0.267 4 0.00154¢ £ 0.0205ys = 0.032.44
Total Background 0.15 £ 0.09¢¢ £ 0.01.y

K+ — 7t7%~) IB 0.064 4= 0.007 50¢ £ 0.0064ys

K+ — utv(y) IB 0.020 £ 0.0034a¢ £ 0.0034y5¢

Kt —wrntmetv U,Ulgfgjgﬁ stat £ 0.00954¢

Kt — arntn 0.002 £ 0.001 54¢ £ 0.0024y5

Upstream Background U,Dﬂﬂfgjggg stat
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Candidate in the RICH

Run 6646, Burst 953, Event 543854, Track 1

g:gggg Likelihood value

0.0000 - under different mass
1.0000

0.0000 hypothesis
16.05ns

Mom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000
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K™ - m*vV: Preliminary Results

Events Observed 1
SES (3.15 £ 0.01gpa¢ £ 0.244y) - 10710
Expected Background 0.15 & 0.0954¢ = 0.01,y

BR(K' — ntuir) < 11 x 107 @ 90% CL
BR(K' — ntvp) < 14 x 1071 @ 95% CL

Expected limit:  BR(K' — ifvi) < 10 x 107 @ 95% CL
For comparison BR{X" — 7rvp) =284 x 107" @ 68% CL

BR(KY — ntui)gy = (0.84 £ 0.10) x 107!  SM prediction

BR(K' — nmtvp) = (1.737152) x 1071° BNL E949/E787 Kaon Decay at Rest
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NAG62 Prospects on K™ — tTvv

Processing of 2017 data ongoing
20 more than the presented statistic
Upstream background reduction expected
Methods to improve signal efficiency under study

2018 data

Run on — going smoothly
Further mitigation of the upstream background is expected

Expected about 20 SM events from the 201742018 data sample
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NAGZ {, : Uity 9
| Conclusions

The new NAG62 decay in flight technique to study K+ — vy works
One event observed in 2016 data

BR(KT — vtup) < 14 x 107" @ 95% CL

O(20) events expected from 2017+2018 data

Cutting — edge physics in K sector and beyond
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