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NA62 at CERN’s Prevessin Site

; F‘AUCE

Babette Dobrich (CERN) for the collaboraf] Results and Status of NA62 DESY Hamburg, 19/06/18



K — mri : motivation

and state of art

@ ultra-rare FCNC decay, theory prediction:
(K — 7rl/l7) = (8.4 + 1.0) % 10711 guras et ot sHEP 1511, 33
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K — 7w : motivation and state of art

History of K'—n*vv Measurement
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@ ultra-rare FCNC decay, theory prediction:
(K — mvo) = (8.4+1.0) x 10711 Buras et at. JHEP 1511, 33

e experiment at BNL, E949 (2008), stopped Kaons:
BR(K — mvi) = (1731_132) x 10711 phys Rev. D 79, 092004

@ NA62 primary goal: measurement of BR(K — wv) with 10% signal
acceptance (decay in flight) = 103K ™ in fiducial volume
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@ ultra-rare FCNC decay, theory prediction:
(K — 71'1/17) = (8.4 + 1.0) % 10711 Buras et at. sHEP 1511, 33

e experiment at BNL, E949 (2008), stopped Kaons:
BR(K — mvi) = (1731}%2) X 1071 phys. Rev. D 79, 092004

@ NAG62 primary goal: measurement of BR(K — wv) with 10% signal
acceptance (decay in flight) = 103K ™ in fiducial volume

@ BR correlated with flavor observables & sensitive to new physics, e.g.
flavored axion models phys. Rev. D 95, 095000 (2017)
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NAG2 rationale

A Kaon'’s life:
e BR(K — 7T7%) ~0.21
e BR(K — u"v) ~ 0.64
e BR(K —» nfm~7T) ~ 0.06
Detector system
e Kaon: KTAG, GTK, CHANTI
e Pion: STRAW, CHOD, RICH

@ 7 Vetoes: LAV, IRC, SAC, LKr
o MUV system: u & Hadron unseparated 750 MHz beam at GTK3
(6.6 % Kaons at 75 GeV, 1 % bite)

ECAL Spectrometer ECAL
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NA62 rationale Il & requirements
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@ 10°“ background rejection! B0l
e kinematic O(10%) 107 T \\\K‘ﬂlvfi"fl\
o high-efficiency veto: O(108) wk
rejection of 70 for w0l
E(7°) > 40GeV ol
o particle ID p1 vs 7: rejection of [
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2016 data: ~ 10''K* useful for analysis

Selected K *decays, before
nt id and y/multi rejection
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@ K™ decay into single charged track, 71 PID, v & multi-track rejection

@ Performances: GTK-KTAG-RICH timing: O(100ps), y/multi-track
rejection: 3 x 1078, overall 71 ID: 64%,
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Single Event Sensitivity and background budget

SES = !

Nk - (Amw - €RV - €trig)

Number of K* Decays
Acceptance KT — 7tvip
PNN trigger efficiency
Random veto

Nk = (1.21+£0.02) x 10'!
Ay = 0.040 = 0.001

€rig = 0.87 £0.02

epy =0.76 £ 0.04

SES
Expected SM K+ — ntvi

(3.15 £ 0.01, = 0.24,.) x 10710
0.267 = 0.001 10 = 002050 & 0.032,,¢

Process

Expected events in R1+R2

K* — mtvw (SM)

0.267 £ 0.0015ta¢ £ 0.0204y5 £ 0.0325¢

Total Background

0.15 £ 009, = 001

K+ — 7t71%(y) IB
K+ — pfv(y) IB
K+ - rtretv
Kt —rtnta

Upstream Background

0.064 + 0.007 10 + 0.006,5¢
0.020 + 0.003410¢ + 0.003,¢
0.01870.037] star £ 0.00955¢

0.002 + 0.001 440 + 0.002,5¢

= (1+0.090
0.050Z¢ 630 stat

o Nk computed from K+ — 779 on control trigger stream

(D = 400), w/o ~ and multiplicity rejection and modified m

2

miss”

e Expected number of events from 2016 data: BRgw theory/SES

@ validation of background expectations in control regions, see e.g.
https://indico.cern.ch/event/714178/ for details
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https://indico.cern.ch/event/714178/

Unblinding of signal regions:

[k* - nvwMC
-4-data

RN L i cuae

One Event in R2

7 T | R PRI n L

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

Events Observed 1
SES (3.15 + 0.0Lgear + 0.244y5) - 10710
Expected Background 0.15 £ 009,05 £ 0.01,

BR(K* — i) < 11 x 107'° @ 90% CL
BR(K* = ntwi) < 14 x 107'° @ 95% CL

BR(K* —rtvi) < 10 x 107 @ 95% CL
BR{" — wtyp) = 28733 x 107" @ 68% CL

Expected limit:
For comparison

BR(K*
BR(K* — mvw) = (L73*}42) x 1071°

» 7 ui) gy = (0.84 4+ 0.10) x 10710 SM prediction
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1 event observed in 2016 data

Run 6646, Burst 953, Event 543854, Track 1

B
Eis0 : 000001 Likelihood value
e :’-gggg under different mass
100! . 0.0000 hypothesis
00 - 16.05ns
F 00
50—
0 b
O
-50
] o)
~100,
-150
~200]-

i e
-300 -250 -200 -150 -100 -50 0 r5“0
flom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000

- Processing of 2017 data ongoing
(20-fold present statistics)

- 2018: data taking ongoing —
prospect of some mitigation

of upstream background
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NA62 beyond mrv

protons on
target (POT)

< beam collimator (TAX) ‘open’

= KT to detector |
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NA62 beyond mrv

protons on
target (POT)

< beam collimator (TAX) ‘open’

= KT to detector |

main measurement:
BR O(10719): K* — ntui
1) Kaon decay

with exotic
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NA62 beyond mrv

protons on
target (POT)
can produce

exotics < beam collimator (TAX) ‘open
= KT to detector |

+ exotic away from beamline
main measurement:

BR O(10719): K* — ntui
1) Kaon decay

with exotic

2) parasitically:

e.g. exotic — [T/~

=N

e
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NA62 beyond mrv

protons on
target (POT)
can produce

exotics

= exotics to detector |

) with much reduced backgrounds
main measurement:

BR O(10719): K* — ntui
1) Kaon decay

with exotic

2) parasitically:

e.g. exotic — [T/~

3) dedicated data-taking
e.g. axion — yvy

=N

e

some examples will follow!
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1) Kaon decay with exotic: results

Trigger band width shared by 7+ v
+ other Kaon & non-Kaon modes
example Kaon: Kt — N + /T,

KEK (1984) NA62-2007
K* N, K 6N (2017)
K N

This result
K'SpN, K —e'N

T T T

E949 (2015)
K'op'N

N: ‘stable’ Heavy Neutrino
2015 data: PLB 778 137 (2018)

based on ~ 3 x 108 Kaon decays

PIENU (2017)
n—e'N

o
3
T

| UL on |HNL coupling U, |2 |
o

hoelisbonn bbb b il bl
50 100 150 200 250 300 350 400 450

| HNL mass (MeV/c?) |
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1) Kaon decay with exotic: results

NA62-2007|
(2017)
K N

Trigger band width shared by 7+ v
+ other Kaon & non-Kaon modes
example Kaon: Kt — N + /T,

KEK (1984)
K'opN, K e'N
N

T T T

N: ‘stable’ Heavy Neutrino
2015 data: PLB 778 137 (2018)

based on ~ 3 x 108 Kaon decays

E949 (2015)
K'op'N

PIENU (2017)
n—e'N

T

| UL on |HNL coupling U, |2 |
o

hoelisbonn bbb b il bl
50 100 150 200 250 300 350 400 450

| HNL mass (MeV/c?) |

:0722 from 2016 data:

i \ / invisibly decaying Dark Photon
e \/ K+ — 7% * with 70 — A’ 4 v

e (prelim: paper in preparation)

i search peak in missing mass of
1035 = L L 2 _ 2

10 10 10 1 Gev) 1 M s = (PK — P, — P’Y)
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2+3) Exotic from dumped-beam: prospects

@ Parasitic to mvi: invisible Dark Photons, heavy Neutrinos... as seen
before

@ Trigger Parasitic to mvv: pum + pp away from beamline: 2017:
O(107) POT, sizable statistics O(10'8) POT possible this year

© dump-mode: sizable statistics O(10'8) reserved for future, but some
channels discovery potential with moderate statistics (e.g. ALP

0(10'%))

Current Run Run3 Run4

ans | 2o | om | wne | 2w | 20 | 2er | 2 | 2 | 25 | 2w | aom

SPS

NA62: Kt — nt* vv, LNV/ LFV/LNV @ ultimate
LFV decays, hidden sector sensitivity, hidden sector
searches in K decays searches (beam dump)

Under study / definition, interaction/synergy with the Physics Beyond Collider CERN initiative

= In the following: "long-lived” prospects at O(10'®) POT
Results and Status of NA62 DESY Hamburg, 19/06/18 11 /18



ALPs coupled to photons

a

Iy

~ -2
Laxion = Lsm + Lps + F,qupLu 10

ALP= Axion-like particle
(name derives from QCD axion)
good properties

as dark matter mediator

see e.g. 1709.00009 1

NA62 at 108 POT

107"
m, [GeV]

10°
@ Assume 1018 400-GeV POT

@ projection based on Primakov production and 0 background
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Dark Photons  re..=cout os— = F.,B,.
2cos Oy *
]
minimalistic NP: | |A’coup|mgtoord|naryy|f [
Extra U(l) Sensitivity expected 10°* S
mixin to be higher than Tl TS
g shown: 10"
kinematically 1. including direct i e
. QCD production 10 D S e el medon decays
with EM oy p : E137, 58D _J---._ (G ¥)
. ’ 10771 .
or hypercharge 2. Including A S o
production in o [ Muse 207
10 MESA, 2020+
the dump (here, o

only target) 1 10 10? 10° 0
A’ mass (MeV/c?)

@ Assume 1018 400-GeV POT

e Study DP production (meson decays, bremsstrahlung) from
interaction on target, search for ee, uu

@ assume zero background, expected 90%-CL exclusion plot
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Dark Scalars Lucatar = L5 + Lps — (1S + ASHTH,

in this model we assume A =0

LHCb & Belle
2 VEELS
NEWS *d el

CHARM

SN1987a

DM never thermalizes through mixing

l*[\Lux&

Super CDM

|——— NAG62 projected
sensitivity
dominated by
beauty production

@ 107
c .
real £ 10
singlet
g 10
scalar
-8
coupled 10
with 107
Higgs o
10"
10°

107 10"

@ Assume 1018 400-GeV POT

1 10,
mg [GeV/c7|

@ sensitivity to hidden scalars charged decays search for ee, puu, 7m, KK
two-track final states originating at the TAX

@ assume zero background, expected 90%-CL exclusion plot
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Lycetor = Lsm + Los + Y Far(La H)N;

Heavy Neutral Leptons

10
10" 1 10 10° 10" 1 10 10° my[GeV]
[ my[GeV] my[GeV] "
UZ:U2:U2 = 52:1:1 U2,:02:0% = 1:16:3.8 U2:U2,:U% = 0.061:1:4.3
Normal hierarchy of active v masses Normal hierarchy of active v masses Normal hierarchy of active v masses

e e.g. YMSM — neutrino masses, (warm) DM candidate and baryon
asymmetry

@ separately address 3 extreme coupling scenarios [shaposhnikov, Gorbunov

arXiv:0705.1729]

o Assume 10! 400-GeV POT: search for two-track final states
originating at the TAX sensivity includes open channels, assuming 0
background

@ assume zero background, evaluate expected 90%-CL exclusion plot
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Background rejection NA62: 2016 data O(10'°) POT

‘ Impact parameter of Ptot to beam line (

cm) |,y | Impact parameter of Ptot to beam line (cm)
F ] = : : "

o=

S

2

=

‘Zi_ | All vetoes + 10 < p (vertex) < 50 cm I

=

10~
E 10"

All two-track vertices

o
o ia
o 3 o
£ - B ' "
o : A a0 80 20 60 200 240
0 40 80 120 160 200 240
Z of closest approach of Ptot to beam line (m) Z of closest approach of Ptot to beam line (m) |

@ Track quality (association with CHOD, LKr hits in time) | aCCEPtaNCe (CHOD, LKr, MUV3)
@ Vertex quality: two-track-distance < lcm, vertex-position
105< z <165 m
o further veto (I’hS)Z ELKr,additional < 2 GeV; IRC, SAC, LAV no hits
with & 5ns, CHANTI no candidate within =+ 5ns

@ no events in signal region at TAX even with standard K beam at
O(10%%) POT, background rejection OK for O(10%%) POT in
standard conditions and 4 x O(10'®) in dump
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Thanks for listening :-)

o v expected about 20 SM events from the 2017+2018 sample
o Kaon in-flight-decay technique validated

@ methods to improve signal efficiency under study

@ 2018: Processing on parallel with data-taking

@ the analysis of 2017+2018 sample should provide: ESPP input

In addition,

@ before LS2: miv-parasitic triggers/searches + short dedicated
beam-dump runs

e after LS2, O(10'8)POT would provide sensitivity to various weakly
coupled particles
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Additional slides/backup
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