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K—nvv In SM

2 modes: charged, neutral SM one-loop diagrams: box and penguins
» FCNC loop process
» Theoretically clean
» CKM suppression: BR ~ [V* V412

u,c,t

Hadronic matrix element extracted ] 1%,%4
from well-known decay K*—e*vn®

2 2
ImA Re 4 Re 4
BR(K* — mrvw) =k, ( 5 tX(xt)) +( = LX(xp) + : EP,:[X]) (1 + Agp)
0. — rlm Ay : \ EM radiative
BR(K L— ’I-"I-') = KL 15 X(xy) charm correction
\ contribution
_ Top contribution

l — ‘/LES B(KT — 7tvw) (dominant) - _ .
?Lc — V:S' Vcd P, [Buras et al. JHEP 1511 (2015) 33]

lr — ‘/;; ‘r/fd . 2.9?:8% P3P(X) BR(K+_)R+W) — (8.4 :|: 1.0 ) X 10-11

X,

W BR(K'—>mfw) = (3.4+0.6) x 10°1L
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K—mvv In New Physics

Searches for NP in K—nvv:

» High masses and sizable couplings to SM

» Constraints from existing measurements
Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]
MSSM analyses [Blazek, Matak, IntJ Mod Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006) 064]
Simplified Z, Z' models [Buras, Buttazzo,Knegjens, JHEP11(2015)166]

Littlest Higgs with T-parity [Blanke, Buras, Recksiegel. EurPhys.]. C76 (2016) 182
LFU violation models [Isidori et al.. Eur. Phys. ]. C (2017) 77: 618]
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Z (5 TeV) in constrained MFV
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K—mvv In experimental physics

Kf—na*vy
E949 experiment @ BNL

KO0—nlvv
E391 experiment @ KEK

BR(K* — ntvv) = (1.73%112) x 10710 BR(K;, -» m'vv) < 2.6 x 1078
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KOTO experiment @ JPARC:

Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79,
092004 (2009)

Better UL (factor ~10) expected
from 2015 run, SES=1.2x10"?
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Main goal:
» Measure BR(K*—n*vv) with 10%
precision

Requirements:

» O(100) signal events

> ~10'3 kaon decays

» ~10% signal acceptance

» >10'2 background suppression

Technique:
» Kaon decay-in-flight

Beyond the baseline:

» LFV/LNV in kaon decays

» Heavy neutral lepton searches
> ¥ decays

» Hidden sector particles searches

® V.Duk, Quarks-2018

NA62 goals

ST NA48/NA62; -
# 4 -y centreofthelHC ™~ ...

Kaon decay in flight experiments.
NA62: ~200 participants. ~ 30 institutes

‘ See talk by A. Shaikhiev 31.05.2018
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NAG62 runs

Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax, Ferrara, Florence, Frascati, Glasgow, 2 2
Lancaster, Liverpool, Louvain-la-Neuve, Mainz, Merced, Moscow (INR), Naples, Perugia, Pisa, Prague, NA62 tlmellne
Protvino (IHEP) , Rome I, Rome II, San Luis Potosi, Sotia, TRIUMEF, Turin, Vancouver (UBC)

v/ 2015: commissioning
(1% of the nominal
beam intensity 1))

v' 2016: commissioning +
physics (40% 1)

v' 2017: physics (60% 1)

NAG62 present & future

= 2018: running (60% I,

= 2021-2023:

to be approved
This talk: 2016 data, ~1x10'! decays useful for K—nvv
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NAG62 setup

, 4 [NAG2 Detector Paper, 2017 JINST 12 P05025]
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Analysis principle

F———n
Main kinematical variable for theisignal: |
m2 = (PP )2 — Background decay modes
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Analysis keystones

O(100 ps) Timing between sub-detectors

0(10%) Background suppression from kinematics
> 107 Muon suppression
> 107 ¥ (from KT = ™) suppression

Blind analysis procedure:
» Signal regions are masked

» Control regions for background estimation are masked
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Analysis steps

 Selection:
= K+ decays with a single charged particle in the final state
= Particle ID (pion)
= Photon and multiple charged particle rejection
= Kinematic selection of Signal Regions

d Determination of the Single Event Sensitivity (SES)
d Background estimation

d Unblinding Signal Regions

Trigger streams:

PNN: {RICH hits} x {hodoscope hits} x (no muons} x {<20 GeV in LKr}

Minimum bias: {hodoscope hits}
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Signal and background regions

m? .. = m2;(Straw, GTK) = (P,+ — Pg+)?, m,+ hypothesis
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Performance

Kinematic resolution

kinematics

Fraction of events in signal regions

=1
&

x1
) i £ + Data
_?."; K+ — ’.-'T+ﬂ'{] ) [ . IU_J {I'E"Sﬁlutl.ﬂﬂ ta.llS) % 1.8; %20.3%@0_005%.1%[)( | g:zl‘m;:latli‘l):t;r::..l?:ﬂ?n
:g 1.E-i U(pf.g) . Contribution from H:.
AK" s pty, ~3.10 1 S | Contrbution rom 0
o6(8,+) = 20 + 100 prad, 0(0x) = 15 prad
12 7
et — Pty v
Particle identification (PID) 0sE-
0.6
+ . + . . 04
PID " efficiency |u™ efficiency 0] ) _,
:'I 4 ‘| Lyt ) h‘ ‘ T U e Ll
Calorimeters 77% 0.6-107° wE R S P
RICH 80% 2.5-1073 .
Timing between detectors

10 Kt = ntata control data

= —*— K" (dak
E 1200 L ~ 1 10 N Acii:a:JIaI
L O~ ps Beam Particle (data)

—
S
1000 |-
4
=

1 suppression

0 (15— 35 momentum range) : ~2.5 - 1078

Fraction of surviving K¥ — ntn

A

. i §
Performance requirements (recap) ol / \
i ? E
0(100 ps) Timing between sub-detectors wp F N
0(10%) Background suppression from kinematics 90164_3"4/'_&5 o '012'\'\'0;*0*6
> 107 Muon suppression ToncTirac [05]

> 107 10 (from K* — ntn®) suppression 01.06.2018 ®13



mz

[GeVZ/e']

Single event sensitivity (SES)
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@ Signal acceptance : 4 %

@ Normalization acceptance : 10 %

Source aSES (10717

Random Veto +0.17

Nk £0.05

Trigger efficiency +0.04

Definition of 7+ 7" region 4+0.10

Momentum spectrum +0.01

Simulation of 74 interactions +0.09

Extra activity +0.02

GTK Pileup simulation +0.02

Total +0.24

SES = ! N = Ner D
Nk - (Amw * €RV * €trig) K= A_BR_.

B Control triggered K*—m*m? used for normalization

@ Number of kaon decays in the fiducial volume : N, = 1.21(2) x 1071

SES = (3.15 & 0.014¢4¢ -
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E949 (for comparison):

Ny ~3.5x1012
SES ~0.8x10-10

- 0.244y5¢) - 10717
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Background studies

General approach:

» Define a background region (BkgR), measure N(BkgR)

» Define control region(s) (CR) for validation

» Data driven background estimation:

o assume cut independence (e.g. kinematics, PID, n° rejection)

o invert one of cuts (e.g. PID, 1° rejection)

o estimate N(CR)/N(BkgR) and N(SR)/N(BkgR) with the inverted cut

o Calculate N(CR) and N(SR)

» Open CR and validate the estimation

In addition:

v' Split into momentum bins if necessary
v' MC samples
v' Bifurcation analysis (if >1 cut inverted)

® V.Duk, Quarks-2018
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K*—n*n® (K27) background

= 70 rejection inverted
* N»(SR) estimated from K2m
= 4 momentum bins (5 GeV/c each)

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01 %

\ll\\‘\\\‘\\\‘\\\ll\\‘\\ ‘\\\‘\\\l \\‘\
016 18 20 22 24 26 28 30 32 34

7F momentum [GeV/c]

NemPected — 0.064 + 0.007 stqe + 0006,y

()
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K27t background: validation
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K*—u*v, (Ku2) background

» PID inverted
" Nk(SR) estimated from Ku2
» 4 momentum bins (5 GeV/c each)
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0.09
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0=
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—
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® V.Duk, Quarks-2018 01.06.2018 @18

[ 3

-t
[
-t
xR

;\,re;rpected — 0.020 -

S pv(y)

[




Ku2 background: validation

Region

I{y'.! { B }

Events observed CR: 2

CR

—-0.02
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Kf*—n'n*n (K37) background

= ]-track selection inverted

" Ngs3.(SR) estimated from K37 with (7"t ") tagging
i ? —=— Data Control Sample
N% i :| MC Control Sample -
Q3L i st (mvveli
= 10° i MC K’ —x*n*n (= llke}.
= - !
8. i »
=
"Z"- 102 = )
ﬁ E :‘II
[ R1 R2 k4 !
1L * ‘ “Fd | Number of expected events
- 1 | F | - | | I — ) EI | 1 1 1 | 1 1 1 | El
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K*—e*v,n'n (Ke4) background

= Track charge inverted (single @ events): for validation only
" Ng.4(SR) estimated from MC

= Control region for MC validation: 0.026 <m? .. < 0.072 GeV?/c*

miss

K™ = ntn~e*v - enriched sample
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Upstream background

Decays along the beam line; beam particle interactions in GTK
Random track matched in GTK and/or possible additional energy not detected

- Beam Line
Y Achr:)mat CHANTI
[ 1
Dipole Decay
Volume

—_————— e 7

Specific cuts against upstream background

1) K—mmatching 2) Zyertex 3) CHANTI veto

4) Cuton XY " at the entrance of the decay volume («Box cut»)
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Upstream background

= 2 cuts inverted: K-t matching, Box cut

= CutsonZ

vertex

and CHANTI not applied
" Nypstream(SR) estimated from bifurcation method

3
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Bifurcation on PNN triggered data inverting:

K — 1 matching (cutl); Cut box (cut2)
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Upstream background: validation

A’: control region

B'C’'D'B”C": control samples

42 - J —a— Expecled in signal region
B” C” ? 102 = —s— Observed in control region
’ = - wre Expe in control ion
Ar[exp) — DI B R unzu‘r:::l:tad sia:rls:i;i?armr
10 |-
D’ 3
B 10-1 f_
B’ g
. Cut2 1072 ' | | | |
In box Reference #1 #2 #3 #4

Sample
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Background summary

Process

Expected events in R1+R2

K+ — ntvip (SM)

0.267 & 0.0015¢0¢ £+ 0.0204ys: = 0.032.4¢

Total Background

0.15 + 0.094,¢ = 0.01,,

K+t — ntn9(y) IB
K* — utv(vy) IB
Kt —atn—etv
Kt s> atatn

Upstream Background

® V.Duk, Quarks-2018

0.064 == 0.007 50t = 0.0064ys¢
0.020 == 0.0035¢4¢ = 0.003 5y
0.018+0:017|stat & 0.009,ys¢

0.002 =+ 0.001s¢0¢ £ 0.002ys

= +0.090
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Unblinding Signal Regions
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Unblinding Signal Regions
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Upper limit setting (Rolke-Lopez method):
» Poissonian signal
» Gaussian background
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75 momentum [GeV/c]

BR(Kt — ntup) <11 x 10712 @ 90% CL

BR(Kt = ntvp) <14 x 10719 @ 95% CL
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The Event in the RICH

Pion track at the RICH mirror plane
Ring reconstruction at the PM plane
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Summary

K*—mn*vv search at NA62 with 2016 data:
1 SES =3.15(01)(24) x 101

J One event observed in Region 2

J Results are compatible with SM

d Upper limits (Rolke-Lopez method):

BR(KT —» n7vp) <11 x 1072 @ 90% CL

BR(Kt - ntup) <14 x 10712 @ 95% CL

For comparison:

BR(K' — ntup)sy = (8.4£1.0) x 107

BR(KT = T UD)ezp = (17.37142) x 1071 (BNL, "kaon decays at rest”)
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Prospects

2017 data: processing ongoing
O Statistics: 20 times more than in 2016
[ Better upstream background reduction expected

O Methods to improve signal efficiency under investigation

2018 data: data taking ongoing

 Further mitigation of the upstream background expected

[ Processing parallel to data taking for monitoring the data quality
[ Expected final reprocessing: early 2019

201742018 data sample:

O Expected 20 SM events

A Input to the European Strategy for Particle Physics
J Extrapolation to the NA62 sensitivity in 2021-2023
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Spare

® V.Duk, Quarks-2018 01.06.2018 @31



Correlations with flavor physics

[Buras, Buttazzo,Knegjens, JHEP 1511 (2015) 166]

a0 Modified £ : Constrained MFV 0 Z' (5TeV) : Constrained MFV
) O ¢/ ii2a 1 : *." T lex. AMg}@2g ]
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Figure 4: Allowed ranges for B(K+ — ntvw) versus B(Bg — K*vv) in a simplified Z model
(left panel) and a 5TeV Z' model (right panel) obeying CMFV. In the left panel the 2o
confidence regions shown correspond to constraints from €' /e (green), Ki, — p*u~ (yellow)
and By — ptp~ (magenta), while in the right panel they correspond to constraints from kaon
mizing (blue), B mizing (red) and b — sp™p~ transitions (grey) (from [68]).
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