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The NAG62 Experiment

* NAG62: High precision fixed-target Kaon experiment at CERN SPS
* Main goal: precise measurement of BR(K* —» m*uU) with 10% accuracy
* Broader physics program: LFV / LNV in K* decays, hidden sector particles searches.

/ NA62 Timeline \

* December 2008: NA62 Approval

e 2009 - 2012: detector R&D

* Oct 2012: NA62 Technical Run (partial layout)

e 2013 - 2014: Installaiton/Commissioning

* Oct 2014: NA62 Pilot Run (partial layout)

e 2015 -2018: Physics Runs

°\Pr0posed runs after LS2 under discussion /

Accalerator schedule 2015 2016 2017 2018 20N4%
LHC
3P3
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The K* —» m*tuvu Decay

* High sensitivity to New Physics

 FCNC process forbidden at tree level

* Highly CKM suppressed (BR ~ |V *V|?)
 Extraction of V.4 with minimal (few %) uncertainty

* Very clean theoretically:
Short distance contribution; hadronic matrix element extracted from precisely measured BR(Kt — mle*v)).
* SM predictions:
BR(K* - mtuv)=(8.4+1.0) x 1011
BR(K; = m’ub)=(3.4+0.6) x 101
* Experimental Result:
BR(K+ — n+uﬁ) = (17,33(1):?) X 1011 [Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009)]
BR(K; = m’u0) <2.6 X 108 (90% C.L) [Phys. Rev. D 81, 072004 (2010)]

[Buras et al. JHEP 1511 (2015) 33]
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K — 1muv and New Physics

Measurement of charged (Kt — m*vU) and neutral (K, - m’vU) modes can
discriminate among different NP scenarios

N
o

Models with CKM-like flavor/structure:
- Models with MFV
 Models with new flavour-violating
interactions in which either LH or RH
currents dominate:
- Z/Z' models with pure LH/RH couplings
— Little Higgs with T parity
 Models without above constraints:
- Randall-Sundrum
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Signal and Backgrounds

Signal:
K track in, Tt track out and no
other particles in final state

A
1
Pmiss

Decay backgrounds

NA62 goal: measure BR to 10% precision

U

100 signal event and background < 20%

e

* K decays 1013

e Signal acceptance ~10%

e <10% precision background measurement
* More than 10'2 background rejection

Mode BR
H(y) 63.5%
n 7' (y) 20.7%
T 5.6%
ey 5.1%
oy 3.3%
Ttety 4.3 ¥16=
monlety 22%10>
Tty 1.4 x10°5
e™v(y) 1.5 10

Other backgrounds

Beam-gas interactions
Upstream interactions
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NA62 Layout

Primary beam: LAV RICH MUV
« p =400 GeV SPS PrOtonS Large angle photon vetoes RICH u/x ID| | 4 veto
- 1072 protons/effective second OPAL lead glass 1 atm Ne Fe/scint
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Dipole spectrometer

Forward y veto

« p =75 GeV positive, unseparated

e Total rate: 750 MHz 4 straw-tracker stations NA48 LKr

« K rate: 45 MHz STRAW LKr
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NA62 Layout

- Beam and secondary LAV RICH MUV
particle tracking Large angle photon vetoes RICH u/x ID u veto
OPAL lead glass 1 atm Ne Fe/scint
CHANTI -
e
KIAG Charged | I | L~
Differential Cerenkov| |veto I | I L~
for ID in beam .
Y t -
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s D_ﬁj = N i0®mbar ' - ___J‘E_Q i =
BERES b T 0 S el N i '-‘;——__'_"_‘f:\_ ““ L ““
N = 5 MHz K* decays o= ’
./ | I | I I y veto
Bfea!'n tracking _ | | | SAC
Si pixels, 3 stations | | | | ‘ | s
GIGATRACKER | ” ~
o, < 200 ps =~ ~— ul
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4 straw-tracker stations NA48 LKr
STRAW LKr
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NA62 Layout

* Hermetic photon LAV RICH MUV

vetoes Large angle photon vetoes RICH /7 1D u veto
OPAL lead glass 1 atm Ne Fe/scint
.
CHANTI - - | H -
KTAG Charged | | | | | | ‘ | |
Differential Cerenkov|] |veto | I | | |
for ID in beam
Fiducial volume ~60m
S O T 1t e Sl
“g T o == == e D e T et B
~ ——E]EUEEJ — - 5 MHz K* decays =
HERN mzR
B.ea!'n tracking _ _ SAC
Si pixels, 3 stations | | | ‘ | 1
GIGATRACKER | ”
Dipole spectrometer Forward y veto
4 straw-tracker stations NA48 LKr
STRAW LKr . =1-2ns

L i ]
0 50 100 150 200 250 m
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NA62 Layout

+ Beam and secondary LAV RICH MUV

particle identification Large angle photon vetoes RICH u/x ID u veto
OPAL lead glass 1 atm Ne Fe/scint
* Muon vetoes -
A o, ~ 100 ps 1
" CHANTI B b | [[
KTAG 0, <100 ps Charged | | | | | I‘ I |
Differential Cerenkov] veto | I I | |
for K7 ID in beam
N \ Fiducial volume ~60m
= n_JE]EHEE‘] . N m# 10%mbar
-I:| 1] 1§ _._hmn. — 1;; o pumteieteieieiiei il
= _—EEUEEJ — / 1 5 MHz K* decays
Beam tracking I I I | |
Si pixels, 3 stations | | | |
|

¥ GIGATRACKER

L.

"

Dipole spectrometer Forward y veto
4 straw-tracker stations NA48 LKr

STRAW LKr
L L )
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Status and Data Taking

 Beam line, detectors, trigger and DAQ fully commissioned

* NA62 data taking periods
e 2014: detector commissioning
e 2015: trigger commissioning, detector quality studies, beam line
commissioning up to nominal intensity
* 2016: high level trigger commissioning (done), full beam tracker
commissioning (done), physics (on-going)
e Data samples for analysis:
e 2015: Low intensity data with minimum bias trigger for detector quality
studies (this talk)
e 2016: ruv data (up to 30% of nominal intensity) and
not TuL data (up to 30% of nominal intensity)
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Analysis Strategy

e Signal: 1 beam track, 1 charged track, nothing else
* Background: K* decay modes; beam activity

e Kinematics: m2,;.c = (Pg+ — P+)2
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Experimental principles:
1. Precise kinematic reconstruction
2. PID: K upstream, e / u / m downstream
3. Hermetic y detection
4. Sub-ns timing
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Key analysis requirements:

*  2signal regions in mZ ;.

 15<P_+<35GeV/c
e 65 mlong decay region
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Expected Performances and Sensitivity

Required background
suppression

Kinematics O(10%-10°)
Charged Particle ID  O(107)
y detection O(109)
Timing O(10?%)
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Sensitivity
Decay ev/year
Kr>mtvv [SM] (flux 4.5x101?) 45
Kr—>mtn® 5
Kr—putv 1
Kf>nrnin <1
3 tracks decays <1
K>y (IB) 1.5
K*—nle*(u)v, others <1
Total background <10
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Signal Selection —
* Beam track matching a K signal in Kaon ID (o, ~ 100 ps)
One —track selection (OTS): « Decay vertex in the fiducial region (65 m)
e 1 positive track
« Acceptance/quality cuts Time resolutions:
* Matched to hit on CHOD (o, ~ 200 ps)  KaonID <100 ps
* Downstream track matching energy in calorimeters e Beam track < 200 ps
* Further associated to hits on RICH, muon vetoes * Downstream track < 200 ps
* Beam track matching the downstream track * Calorimeters 1-2 ns
2 | ij‘f:‘ NAG2 Preliminary 10° £ NAG2 Preliminary
)] B . )] B
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Kinematics

e Tracking Techniques: Si -pixel tracker (beam); Straw tube tracker in vacuum (downstream)
 Goal: 0(10%+10°) suppression factor of the main kaon decay modes

. P <356eV/c best K" - pfu suppressmn

. Klnematlcs studied on K — mt*mselected using LKr calorimeter.

* Resolutions close to the design.

e 0(103) kinematic suppression factor measured.
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Beam Tracker (Gigatracker)
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e 3 Si pixel station on the beam

* X/X,<0.5% / station Collimator

» Cooling using microchannel technique 75 Gev/c 2"l achromat

+ 300 x 300 um? pixels, ~54000 pixels bea_mr 132 vom

« On-sensor TDC readout chip oy E I

 Commissioned in 2015-2016 3

* Measured performances match the design GTK2  CHANTI
> O-(tbeam track) ~ 200 PsS
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O(107) t/u separation to suppress mainly K*—>u*v

RICH Calorimeter (LKr)
¢ 15 <P+ <35 GeV/c (best i/ separation) * 0O(10*+ 10°) u suppression
e 0(10?) i/ separation e 90% + 40% mt* efficiency in 2015 using a cut analysis
* 80% (90%) m* efficiency in 2015 (2016) * Room for improvements
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calorimeter

Photon rejection T (forward)

[ |
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Summary from data quality studies

1. Time resolution —— close to the design.
2. Kinematics —— Resolution close to the design.

Prospects to reach the designed signal —background separation.

3 Pion —muon | D __, Separation with RICH close to expectations.
. Study of the separation with calorimeters on going.

Results from simple cut analysis promising.
0(10°) ¥ rejection already obtained.

4. Photon veto —— Statistically limited.

2016 already enough statistic to address the 102 rejection level (analysis on -going).
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NAG62 physics besides K¥ —» mttuvu

Standard kaon physics:
> ChPT studies: K* — m'yy, K¥ — mmle*e", K¥ — me*e-
Searches for lepton-flavor or -number violating decays
> K+ — mute¥, K+ — mpret, KY — m e+t
 Heavy neutral lepton production searches
» K*—l*v, (already under analysis with 2015 data)
» v, from upstream K, D decays with v, — i€
Searches for long-lived dark sector particles
» Dark photon y’ produced in it/p decays in target, with y' — €*€-
» Axion-like particle A° produced in target/beam dump, with A° — yy
1° decays rare and forbidden/LFV, dark photon production:
» m° — invisible, m°c — 3/4y, m° — ee,eee, m°c — ue, m° — y'y
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An Example: Heavy Neutrino Searches

Search for heavy neutrinos (HNL) produced in K* - e*v, and K* - u*v,
NAG62 perfectly suited to search for v, in (100 —380) MeV/c? mass range
« Background in the mass search region ~5 order of magnitude below the K* — pu*v peak

M?iss(1) = (P - P)?

| NA62 (2015): K*—=p*v, search

Direct Experimental Constraints
(3 R AT . !
107 ~20M K*—pu*v decays — KFK (1982)
C ~10-5 baCkground 10-4L| — E949 (2015)
1055_ ............................................................................... m—— m—
1043_ PO O s SO PO SO OO U U PPN OO RSPOTRRON 10_5 E -
- é Mass search S W
103 ........................ .......................... .......................... .......... WIﬂCfDW ................ g ] :
'f' ; > E Single event sensitivity,
T N M 1077 o N AG 2 MV oo 1
E949 (2015) bias data 2015
1O g @b e by loqw s ds -
| I o e o o 11 ] SRR SRR ST SRR NYRT
_D_1I - _|0_05| — 0 — bo5l — IUI-|I — I[]_15 0.20 0.25 0.30 (}.535 0.40
Ma BR(TYE GeV?/e? Heavy neutrino mass GeV/c?
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An Example: K* - ttutu™

* A dedicated trigger in 2016 Run

e Sample from 2016 data: ~60k bursts (~2 week-equivalent) at ~18% intensity
* Improvements on NA48/2: mass resolution better by ~ a factor of 2

BR is O(1077), expects improved sensitivity on hidden sector search, K* — iy, ¥ = u*u
Basis for the search for LNV decay K* — mu*u*

NA48/2 2003-2004 data

Q

| (preliminary; paper in preparation)
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E 700 Kﬁpu events E E R e W R
LQ GM - 1 3 MEV/CZ LQ 10° = wmL ool g
o 1 02 . o E ......................
Tnh i ; ! \u? . s A
L e —
c S 10
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450 460 470 480 490 500 510 480 490 500 510
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Timescale

* First physics run in 2015:
» Minimum bias data collected at low intensity used for data quality studies
> Data and reconstruction quality consistent with design expectations for measurement of K™ —» w*tvu
« K* - mtuv program until LS2 (2016-2018):
» Currently running at 38% intensity
> End 2016: reach the SM sensitivity for K¥ - wTvu
» End 2017: improve (by much) the present status of the art (BNL measurement).
» End 2018: reach the 10% precision.
* Broader physics program until LS2 (2016-2018):
» LFV / LNV decays, heavy neutrinos, n° rare decays, ...
> as many decay modes as possible to take simultaneously with Kt - wtuu
* Broader physics program beyond LS2 (after 2020)

» LFV / LNV decays, heavy neutrinos, mrare decays, hidden sector particles searches
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Conclusions

* NA62 Beam line and Detector commissioned up to nominal
Intensity

* The NA62 experiment is running in stable conditions.

e Data quality studies:

> Physics sensitivity for K¥ — w7 u0 measurement in line with
the design.

* Analysis of the 2016 data on-going.

« KT > m*ul program to get the 10% design precision under
way.

* Broader physics program for short/medium term plan
established
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Spares
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A glance to the on-going 2016 run

12000

SPS Spill time profile (measured with the NA62 charged hodoscope)

10000

4000

Signal rate (KHz)

2ng

Time (s)

Stable data taking since beginning of August at 30 % of nominal intensity

LO oV trigger: hits in RICH & CHOD, !muons, E(LKr) < 20 GeV

L1 oD trigger: KTAG, LAV, Straw (P < 50 GeV/c)

Data type (simultaneously): Tuv (no downscaling), di-lepton, minimum bias

* Average rate at LO (38% of nominal beam intensity): 350 KHz

* Average rate after L1 (38% of nominal beam intensity): 60 KHz

* On-line m*m® reduction factor (muv trigger): 6 (room for improvements X2 at least)

* On - line muon reduction factor (v trigger): O(100)

* Data collected so far: TuU sensitivitiy below 107° (assuming O(10%) signal acceptance)
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