NAG2 {,

Results and Perspectives from the NA62
Experiment at CERN

Michal Koval

(michal.koval@cern.ch)
Comenius University Bratislava

on behalf of the NA62 Collaboration

Les Rencontres de Physique de la Vallée d’Aoste
8 March 2016, La Thuile, Italy



Introduction =0 TFF Slope Measurement KT — =t Branching Ratio Measurement Summary

[ Je} 000000000 000000

Spares
[e]e]

Kaon Decay in Flight Experiments at CERN

N Mol ™= N N Wb ST
NA62: ~200 participants, 30 institutes

NA31 (1980s): K. /Ks
— First evidence of Direct CP
violation in neutral Kaon Decays

NA48 (1997 — 2001): K. /Ks
— Direct CP violation discovery

NA48/1 (2002): Ks, hyperons
— Rare decay studies

NA48/2 (2003 — 2004): KT /K~
— K* precision measurements
NA62 (2007): KT /K~

— Lepton universality: Kez/K,.2
NA62 (2015 -): K*

— Main goal: BR(K* — 7tvi)
— Rare decay studies

— LFV, LNV decays

— Search for heavy v, axions, ...
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Outline

1. NA62 preliminary result:

NEW 70 transition form factor slope measurement
(2007 data analysis)

2. KT — 7"vi branching ratio measurement at NA62:
status and prospects
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Dalitz Decay: 7% — eTe™vy

o 79 decay — kinematic variables x, y: B 71_ L
o Per+pe)® 2P (Per —pe-)
m2, ’ m2,(1 — x)

o Differential decay width (r? = (2mg/m..0)2 = Xmin):

1 dzl'(erD) a (1 _ X)3 > Transition Form Factor (TFF)

I’(Wgy) dxdy  4r X (1 +y2 + r;) (1 +§(X,y)) ‘F(X)‘Z

Fx)=1+ax, a: TFF slope parameter
o 70 TFF slope measurement at NA62 (kaon decay experiment)
o K* — nt7° decay: source of tagged 7 decays (BR(Kz») ~ 21%)
o NAB2 in 2007: data taking conditions optimized for e* from K* — e*v,
— Large and clean sample of K* — 7% 7% n° — ~vete™ decays
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72: Radiative Corrections

Mikaelian and Smith d2r d2r
Phys.Rev. D?,(1972) 1763 axdy (W)o (14 (x,y))

3(xy)

Husek, Kampf and Novotny
Phys.Rev. D92 (2015) 5, 054027

0.4

01 02 03 04 05 06 07 08 09 1
X

— Corrections included in the simulation

— Radiative photon emission simulated
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72 : dl/dx and Transition Form Factor

1 dF(W%)_ZﬁM(Hﬁ) 1= (14 000) (1 + axy

r(r3,) dx T3 x 2x X
Dalitz x Spectrum
2107
Zaor @ 7° TFF slope expectation from Vector
i Meson Dominance model: a ~ 0.03
T EN . .
i - @ =° TFF theoretical models enter hadronic
ot s S light-by-light scattering (HLbL)
contribution to (g — 2),,
10%E
m§ @ See recent overview and references in:
17 Leading Order \ A. Nyffeler, arXiv:1602.03398 [hep-ph]
7 Leading Order x TFF(a=0.3) \ — Comparison of TFF slope prediction
E Leading Order x Rad. corr. || with model independent measurement:
1078 ‘0‘.1“ Ho.‘ U ‘0‘3‘ L ‘0.‘4‘ L ‘0‘5‘ H ‘0.‘6‘ i Ho.‘7‘ : ‘(‘1‘8‘ bl ‘ll important test of the theory models

X

NA62 Results and Perspectives M. Koval - La Thuile 2016 6



Introduction =0 TFF Slope Measurement KT — =t Branching Ratio Measurement Summary Spares

[e]e] 000@00000 000000 [e]e]
NA62 Experiment and Detector in 2007
TAX 17,18 - T

@ Main goal: s ::

Rk = '(Ke2) /T (K,.2) measurement: ]

Phys. Lett. B 719 (2013) 326 =
@ K* beam momentum: (74 + 2) GeV/c =y | :
@ Main trigger: electron from Kez e ”“ B ]

— Efficient for 7% decays

MUON VETO SYSTEM (MUV)
HADRON CALORIMETER (HAC)
LIQUID KRYPTON CALORIMETER (LKR)

HODOSCOPE (HODO)
DRIFT CHAMBER 4 (DCH 4)
ANTICOUNTER7 (AKL7)

Principal subdetectors:

@ Magnetic spectrometer (4 DCHs)

— 4 views/DCH — high efficiency

— op/p = 0.48% & 0.009% - p [GeV/c]
@ Scintillator hodoscope (HOD)

— Low-level trigger, time measurement (150 ps)

@ Liquid Krypton EM calorimeter (LKr) Zi ‘y

HELIUM TANK
DRIFT CHAMBER3 (DCH3)
MAGNET

DRIFT CHAMBER2 (DCH2)
ANTI COUNTER 6 (AKL6)

— High granularity, quasi-homogeneous
— og/E = (3.2/VE ®9/E +0.42)% [E in GeV] -
— ox =0y = (4.2/v/E ©0.6) mm (1.5 mm @ 10GeV)
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K* — 7710 7% — v ete~ Selection

NAG62 Data Sample:
~ 2 x 10" kaon decays in the decay region

~ 5 x 10° boosted #° mesons from Kz,
Mean free path of 7°: few pm (negligible)

~ 6 x 107 7% decays produced

Most important selection criteria:
Three-track vertex topology

One photon candidate in LKr calorimeter

Reconstructed invariant mass of ete ~:
115 MeV/c? < Mee, < 145 MeV/c?

Reconstructed invariant mass of 7= 7°;
465 MeV/c? < M, < 510 MeV/c?

Reconstructed Dalitz x variable: 0.01 < x < 1
Missing momentum consistent with the beam size
— 1.05 x 106 fully reconstructed =2 events

NA62 Results and Perspectives M. Koval - La Thuile 2016
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Monte Carlo simulation:
o- All Generated Events

o

mp Decay Sample

o

1.05 x 10° fully reconstructed '
7Y events with x > 0.01: . i o

. 102
A A aaa

g NA63 ]

P Preliminar — tha L

2 [ K* - g :

:>'J’ [ K - mpv| ] 0 01 02 03 04 05 06 07 08 09

MC KZnD Selected Events

o 010
01 02 03 04 05 06 07 08 09

X
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70 TFF Slope: NA62 Preliminary Result
Fit procedure:
@ Split reconstructed Dalitz x data into equal population bins

@ Compare data with simulation (constant TFF slope: asim = 0.032)
— To obtain simulated x distribution, corresponding to different a slope:
re-weight simulated events with weight w(a) = (1 + a Xie)? / (1 + @sim Xirue)?

@ Minimise x?(a) Data/Simulation comparison wrt a

—e— Data/ MC(a=0)
Form factor: best fit
- - Form factor: +1o band

Fit result:

a=(3.70 £ 0.534at) x 102
(x3/n.d.f = 52.5/49, p-value: 0.34)

Fit result illustration
— Data / Simulation(a=0) ratio 3

— 20 equal population bins NAG2
— Points are in bin barycenters o preliminary

1

X
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m2: Systematic Uncertainties

Source sa(x102)
Statistical — Data 0.49
Statistical - MC 0.20
Beam momentum spectrum simulation 0.30
Spectrometer momentum scale 0.15
Spectrometer resolution 0.05
LKr non-linearity and energy scale 0.04
Particle mis-1D 0.08
Accidental background 0.08
Neglected 72 sources in MC 0.01

NAB2 preliminary result on 7° TFF slope parameter:

a = (3.70 £ 0.534tar + 0.365ys1) x 1072 = (3.70 + 0.64) x 1072

Presented for the first time today.
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7% TFF Slope: World Data

™ TFF Slope Measurements from 14

Geneva-Saclay (1978)

Fischer et al. 30k events
—e—
Saclay (1989)
Fonvieille et al.
32k events
SINDRUM | @ PSI (1992)
Meijer Drees et al. ——=e—— s5akevents

TRIUMF (1992)

Farzanpay et al. F————— gkevents

NA62 (2016)

TFF slope theory expectations:

K. Kampf et al., EPJ C46 (2006), 191.
Chiral perturbation theory:
a=(2.9040.50) x 102

M. Hoferichter et al., EPJ C74 (2014), 3180.
Dispersion theory:
a=(3.0740.06) x 102

T. Husek et al., EPJ C75 (2015) 12, 586.
Two-hadron saturation (THS) model:
a=(2.9240.04) x 1072

CELLO measurement:
H. J. Behrend et al., Z. Phys. C49 (1991), 401.

Py Fe- 1M events Extrapolation of space-like momentum region
Imi .
1 p\ ‘ 1 \y\ 1 ‘ I I ‘ | ‘ | ‘ Ll data flt to VMD mOdeI
-01  -0.05 0 0.05 0.1 a=(3.26 4+ 0.264) x 1072
1 TFF slope
NA62 Results and Perspectives M. Koval - La Thuile 2016 12
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Motivations for K™ — nTviv

@ FCNC loop process, highly CKM suppressed, theoretically clean

s w v s w d S uwet 4

u,c,t e U T

d w v v v v v

@ Dominated by short-distance contribution (BR ~ |V Vig|?)
@ Sensitive to new physics, complementary to LHC searches
@ SM prediction:
BRsu(K™ — 7wp) = (9.11 £0.72) x 10~
[A.J. Buras et al., JHEP 1511 (2015) 033]
@ Previous measurement (7 observed events):
BRexp(K™ — ntwp) = (17.3 T112) x 107"
[BNL E787/E949: PRL101 (2008) 191802]

NA62 Results and Perspectives M. Koval - La Thuile 2016 13
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NAG62 Experiment

Goal
@ Branching ratio measurement of K+ — 7w
@ 10 % measurement precision, Signal / Background ~ 10
@ Collection of O(50) events per year of data taking

Requirements
@ Large statistics, 4.5 x 10> K+ decays per year

¢ High intensity kaon beam
¢ Signal acceptance ~ 10%

@ Background rejection factor > 102
@ Remaining background known to at least 10% precision

Technique
@ High momentum K+ beam (75 GeV/c) with kaon decay in flight
@ Low momentum 7 selection (p, < 35 GeV/c) — large missing E

NA62 Results and Perspectives M. Koval - La Thuile 2016 14
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NAG62 Beamline
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NA62 Results and Perspectives

setiproor
PS  Proton Synchrotron nTOF te
SPS  Super Proon Synchrotron  CNGS

LHC  Large Hasion Colider

CTF3 CLIC Testaciity 3

@ Primary SPS protons (400 GeV/c)
@ Protons on Be target: 3 x 102 / pulse

@ Secondary hadronic beam, p = 75 GeV/c
~ 6% K™ (others: =T, protons)

@ Total rate at beam tracker: 750 MHz
@ Rate downstream: 10 MHz
@ Simultaneous operation with LHC

M. Koval - La Thuile 2016
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Signal and Main Backgrounds

@ Signal signature: one K™ track, one =™ track, nothing else
@ Backgrounds:

1. K™ decay modes

2. Accidental single track matched with a kaon like track
@ Kinematic variable: m2 . = (Px+ — Pr+)?

o Two m?,, regions for event candidates are defined

92% background rejection by kinematic cuts 8% of background not separated by kinematics
3 'E
s - St E Kromr(y)
;6|.EF02; Koty —|_‘§|o';
‘—|,_§ow;— ? |
0.16— 10’; -
ouf— JE E’
012 10 ?
0‘; 10‘;r Region Il
ooaf— _S E
006 o e
E [ Region Il E
0.04— 109k
002f- T K”\"“”"@nw, E
= . - . Kprwr 107 L L

i il 1 L
-0.04 -0.02 o 0.02 0.04 0.06 0.08 0.1 0.12
m,,, [GeV?ic')

= Need for efficient photon vetoes and particle ID
NA62 Results and Perspectives M. Koval - La Thuile 2016
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Guiding Principles for the NA62 Detectors

1. High intensity and precise timing (< 1 ns)

2. Good tracking detectors — K* (GTK) and 7 (Straw) momentum vectors
3. Hermetic veto detectors — photons (LAV, LKr, SAC, IRC), muons (MUV)
4. Particle identification — kaons in the beam (KTAG), =/ separation (RICH)

Photon Vetos
s RICH
TS 7 identification
CETANT magm\ UM separation LKr

Charged Particles Veto .
\

\ 4
v LAVsL—/
I e k- 4I 1I 7{ —
KTAG %

kaon identification GTK
kaon momentum

. EM Calonme[er

e L)

1 MUV
ik Muon Veto
~ STRAW CHOD Hadron Calorimeter
Fiducial region 65m pion momentum T/ separation
\ vacuum 10 mbar /

Total length 270m

NA62 Results and Perspectives M. Koval - La Thuile 2016 17
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NA62 Status

@ 2014: NAB2 pilot physics run
@ 2015: First physics run: — 2 x 10'° triggers recorded on tape
@ 2016: Resume data taking

NA62 Results and Perspectives M. Koval - La Thuile 2016 18
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NAG62 Status
Ring radius in RICH vs. Momentum M2 e = (P+ — Pr+)?

Entries 10897
Mean  0.02742
RMS 00321

B
E
-
2
°
e
=3
£
©

Entries/0.002 [GeV?/c*]

‘ K*an'n*a

%+ o5 o oo o1 015
M2, [GeVZ/c*]

1
10 20 30 40 50 60 70 80 90 100
Purack spectrometer [GEV/C]

@ Only small part of data sample presented

@ Reconstructed m? . plot:
e Preliminary calibrations and track reconstruction used
¢ No photon and muon rejection

¢ No pion/muon separation
@ Analysis ongoing, stay tuned!

NA62 Results and Perspectives M. Koval - La Thuile 2016 19
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Summary

1. NA62 0 transition form factor slope measurement:

a=(3.70 £ 0.53¢ % 0.364y51) x 1072 = (3.70 £ 0.64) x 102

Preliminary result based on NA62 2007 data analysis
Neutral pions from K* — #*7° decays

~1 million fully reconstructed 7% decays

Improves TFF precision in the time-like momentum region

2. KT — 7w branching ratio measurement status

e NA62 Beam line fully commissioned
e NA62 Detector installation completed
e Physics data taking started in 2015

NA62 Results and Perspectives M. Koval - La Thuile 2016 20
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NA62 Sensitivity

Decay events / year
KT — ntup [SM] 45

K+ — 7t70 5

Kt — utv

Kt — atn—nt <1

Kt — n#tn~etv + other 3-track decays <1

K+ — 7t a9 (IB) 1.5

K+ — utvy (IB) 0.5

K+ — pt(et)r%, others negligible
Total background <10

Nominal intensity: 4.5 x 10'> K* decays in the fiducial region / year
Cut and count analysis without any optimization

NA62 Results and Perspectives M. Koval - La Thuile 2016 21
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Decay Physics Present limit (90% C.L.) / Result NA62
ntute” LEFV 1.3 x 107 0.7 x107%2
ntuet LFV 52x 10710 0.7 x 10712
nutet LNV 5.0x 107 0.7 x107%2
n-etet LNV 6.4 x 10710 2% 10712
moptpt LNV 1.1x107° 0.4x 10712
nvetet LNV/LEV 2.0x 1078 4% 10712
e~vptut LNV No data 10712
atx°? New Particle 59 %107 M myo =0 10712
atyx New Particle - 10742
mtnte v AS = AQ 12x10°8 10711
atntu v AS = AQ 3.0x107¢ 1074
nty Angular Mom. 23x107° 10712
W, v, — vy Heavy neutrino Limits up to my, = 350 MeV'
Ry LU (2.488 +0.010) X 107° »x2 better
ntyy ¥PT <500 events 10° events
mo0nlety ¥PT 66000 events O(108)
'ty ¥PT O(10%)
22
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