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Content NAGZ

A Theoretical motivation for the NA62 experiment
€ Kaon rare decays -2 test of the SM

o Ktsmtvv

O The NA62 collaboration, experiment and detector
€ Sub-detectors (selected)

O NA62 searches of New Physics at MeV-GeV scale

€ Beam operation modes
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Golden Rare Kaon Decays NAGZ

Q K+>xvv and K,> novv : very clean FCNC processes
€ SM branching ratios ~10-10

& K, > n%v : completely CP-violating decay
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Golden Rare Kaon Decays NAGZ (),

Q K+>xvv and K,> novv : very clean FCNC processes
€ SM branching ratios ~10-10

& K > n%v : completely CP-violating decay

Kt = v K; — mvi
NAG2

@ CERN @ J-PARC
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NAG2 {,

Relation with Unitarity Triangle
(2,7)
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BR(K*?, > w*0vv) SM Predictions NAGZ Q)

LI our average @ 68% CL
STIE= incl. |Viul, [V @ 68% CL
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d Main uncertainty from the knowledge of |V, | and | V|
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BR(K*?, > n~%v) SM Predictions NAGZ ()

— 01‘11' average “@ 68% CL‘ | | + + 11
(| = incl. |Vyy], |Vis| @ 68% CL ] ) — -
S el Wl o - B(KT™ — n7vr) =(9.11 £ 0.72) x 10

B {‘EK|, Ai“\f[d, AJ[b SQVI{S}SI\I @ 68% CL

- | B(KL — w%p) = (3.00 £ 0.31) x 1071
4 | i _
. / J BR(K+ > J'C*VV) and BR(KLé TIZOVV)

uncertainties: 8% and 109,

€ Theory uncertainty: only 29, !
oo o Excellent precision in flavour physics
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BR(K*?, > w*0vv) SM Predictions NAGZ Q)

(= e et | B(KT = 7twp) = (9.11£0.72) x 1071
1 excl. [Vil, |Vas| @ 68% CL . ; i B . .

| {‘EK|, Ai“\f[d, AJ[S SQVI(S}SM @ 68% CL

| B(Kp — 7)) = (3.00+0.31) x 101!
45| _ _
. / J BR(K+ > J'C*VV) and BR(KLé J'IZOV\/)

uncertainties: 8% and 109,

€ Theory uncertainty: only 29, !

o T s s w o Excellent precision in flavour physics
BR(K* — mtvp) [1071]

d The NA62 goal: BR(K*sm+vv) with 109, precision

€ 1012 background rejection factor to be achieved

[

b ) i -

w
T

BR(K — n'vr) [1071]

A Experimental status: E/87/E949 experiments at BNL

BRexp(K+ — mup) = (17.3 £113) x 107"
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The NA62 Collaboration

NA62 COLLABORATION
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The NA62 Experiment
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The NA48 & NA62 Experiments NAGZ

1997: &'/s: K +Kg  Fixed-target experiments at
1998: K, +K, CERN North Area
NA48
1999: K. +K; |k HI | | Discovery of 4 400 GeV/c proton beam
direct CPV from SPS
2000: K_only |KsHI :
€ Kaons from target decaying
2001: Ki+Ks  |KsHI [ in-flight
2002: K /hyperons } NA48/1
2003: K*/K- n NA48/2
— | Direct CPV
2004: K*/K- search in K*
NAG2 2007: K=, /K%, |tests
Ry phase 2008: K,/K:,, | tests
- ~10N13 K+
I |2015: 15t K*>x*vv run 10% K
NAG62 __: decays to be
K* > nttvv EC recorded in
[_ total
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The NA62 Detector Hall NA6Z

Q K* from the target

® p... =75GeV/C+19%

o ~6% of secondary beam
at this momentum

. —
e ———— e e

b 2o
¥ -

Detector hall + target hall = 270 m
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The NA62 Detector NA6Z

X Veto
T Photonsand Muons
>
Z

Hadron Beam n Identification

800 MH
Z cranT TR \m
/ L[ \
K+ \, TT S
I *{ g = I e— .
Kaon identification W V V J )
In CEDAR GTK L T il I
RICH T LKR MUV
N ~ / STRAW
Fiducial Region 65m Tracker CHOD
N J
Y
Total Length 270m

Q4.5 x 1012 K+ decays in the fiducial region per year

€ @ nominal intensity of the primary proton beam: 3 x 1012/pulse
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NA62 Strategy of Measurement NAGZ Q)
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NA62 Strategy of Measurement NAGZ Q)

5% 02— Under pion K'>'2(y)
I =
| Bo.18— hypothesis
{1153_ Decay BR
0.14:— K-> M-I-VM 63%
o 1of K* > tr? 219%
. 15 K+ > o 7%
0.08— =
- o
0.06— "y
- = Region I
0.04— K
+
_ i > Tt
0.02 |\ vy (x101o)
- K'sr'n'n
_D l I | l l | | l | | | | | 1 1 1 | | 1 | | | 1 1 | ! T
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Gia Khoriauli - The NA62 Experiment - 11th Terascale Detector Workshop - 01.03.2018 15




NA62 Strategy of Measurement NAGZ Q)

Under pion  K*—x'2(y)
hypothesis

Region Il

I|III ]
-0.04  -0.02 0 0.02 004 006 008 0.1 0.12
m2. . [GeV?/c*]

1 0-7 | | I | | | 1 1 1 1| | 1 1| 1 1| | [ | | [
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Beam Spectrometer Pixel Detector NAGZ )

s a)

GTK1 GTK3

60175 GTK2

mm |GeV/c

13.2m 9.6m

A
Y
A
Y

d GigaTracker (GTK) consists of three stations of silicon
pixel detectors

& Operates together with the achromat of the dipole magnets
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Beam Spectrometer Pixel Detector NAGZ (),

v e B
n' I

L GTK Pixel Detector

€ 3 equal stations
o 18000 channels/station
o 300x300 pm? pixels
o 200 pm thickness
o 0.005X,/station

¢ /50 MHz total rate
o =1.5 MHz/mm? peak
rate
¢ 10 TDCPix (IBM)
readout ASICs / station

o Thinned down to 100 pm
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Beam Spectrometer Pixel Detector NAGZ (),

Q Performance
€ Momentum resolution: 0.29,
€ Angular resolution (in x-z and y-z planes): 16 urad
€ Single hit resolution: 200 ps
€ Single track resolution: 74 ps (2016)

O Irradiation

¢ Fluence at the nominal beam intensity: 4x10'4 n,./cm?in 1
year of data taking (~200 days)

€ Operating at =15 °C to minimize radiation damage

€ About 100 days of continues operation w/o any significant
degradation of performance

€ Replacement of single station requires only one day
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Charged Track Spectrometer - STRAW NAGZ

-

d 4 chambers of straw
detectors

d Dipole magnet
¢ B=0.38T

d 709% Ar and 309, CO, at 1
bar

Q First time straw chambers
operating in vacuum!
€ 0.018X, in total!
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Charged Track Spectrometer - STRAW NAGZ
“t
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K*> w*vv Analysis in Data 2016 NA6Z

1 1-track selection

€ Good track originated from a Kaon decay in the fiducial volume
o Pion track hypothesis

oﬁ i NA62 Preliminary
- 10*
8 B Data 2016
= 0.1—
wE [
B e Y =10°
0.05— i
e e g —10°
O—i R, oo E
~0.05- 10
i "-|.'4;1|;_|.-’-FL|.1:'|-"[|| |--|

_O'b 10 20 30 40 50 60 70 80 90 100 1

P [GeV/c]
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K*> w*vv Analysis in Data 2016 NA6Z

1 1-track selection

€ Good track originated from a Kaon decay in the fiducial volume
o Pion track hypothesis

) i )
S NAG2 Preliminary .
CRE Data 2016 10 E
et
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wE T , -
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0.05— | - F _
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e N - -- i — | 2 ]
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Resolution of Spectrometers NAGZ {

d K> atn? selection requiring 2y in LKr compatible with x®
€ No photons in other sub-detectors

— o x107°

Ry - - ; : | e Data

< — : : Analytical interpolation

E 18 :_ NA62 Prel,mmary ------------- —————— Contribution from P_.

 16F- Data 2016 i S SR IEEEEE Contribution from 6.
é _ : : {IEEEEEE Contribution from P

BRI S— S S S A [ELLL LS Contribution from 6,

o

0.8 T -“~____,-——
0_65_ ____________ t _________________________
0_42_ AT LI L LU R R s
02 f_ .......... ...............................................................................................................................

—
(@)

15 20 25 30 35 40 45
pJt+ [GeV/c]
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Particle Identification - RICH

s

X'T‘—> 5k
z

—

d Ring Image CHerenkov Counter i

€ Neon at 1 bar

€ /0 ps track time resolution
o Reference detector for LO-trigger

Mirror Mosaic (17m focal length)

Beam
—

Vessel: ~17 m long, filled with Neon

Gia Khoriauli - The NA62 Experiment - 11th Terascale Detector Workshop - 01.03.2018

NAG2 {,

25



Performance of RICH

- -
-----

L

Ll IIIII|

T T T

50_ 1
i - NAG62 preliminary
- | 2015 data
lllI:IllIIIlllI:IIIIIIlIIIIlIIIIIIlIIIIlIII
0 10 20 30 40 50 60 70 80 90
ptrack [GeV]

3 ~102 muon suppression factor
® 15 GeV/c < pyack <35 GeV/ce

JGlu

104

10°

102

10

1
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Summary of Detector Performance NAGZ Q)

Q ~10% kinematic suppression of the background
€ GTK, STRAW

A Highly effective photon veto system, ~108 #Y- rejection

€ LAV (large angle vetos), LKr (as a medium angle veto), IRC and
SAC (small angle vetos, down to O radian)

A ~107 muon suppression from particle identification
with calorimeters, fast muon veto (MUV3) and RICH
¢ LKr+MUV1/2: 10°> muon rejection @ ~809% pion efficiency

€ RICH: ~102 muon rejection in range 15 GeV/c < py o <35
GeV/c

O Good time resolution: ~100 ps
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NA62 Beam Operation Modes NAGZ O,

SPS beam and users

_____

_____

T2 wobbling
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NA62 Beam Operation Modes NAGZ O,
Q75 GeV/c Kt beam or proton dump modes using “TAXes”

€ Easily switchable modes in the current beam setup of NAG62

SPS beam and users NA62 beam-line from target to decay volume

_____

VERTICAL PLANE

_____

T2 wobbling Yimm] . -
7 47
% ATANE [ ___f .
LR L =
A 1
N
A V7N | I _|
SCR1
S 3
S = o © ~ ow? Qc’e\/_/l\
T & 0 ¢ @ G ol Lao A2 5
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NA62 Beam Operation Modes NAGZ O,
Q75 GeV/c Kt beam or proton dump modes using “TAXes”

€ Easily switchable modes in the current beam setup of NAG62

SPS beam and users NA62 beam-line from target to decay volume
VERTICAL PLIﬂE - -
oy pav B
1T L=a i
1L LU=
'- Hut -

 TAXes: movable copper +
Iron made collimators of
~22)\,total thickness
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NA62 in Run 2, 3 and 4 NAGZ (),

d Run 2: K* beam for K* > ntvv, dark photon, HNL, LNV/LFV
decays

s | 2006 | 207 | 2008 | 2009 | 2020 |
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NA62 in Run 2, 3 and 4 NAGZ (),

d Run 2: K* beam for K* > ntvv, dark photon, HNL, LNV/LFV

decays
2005 | 2006 | 2017 | 2008 | 2009 | 2020 |
. BRun2

d Run 3: many interesting fields to be studied with minimal
(or no upgrades at all) of the existing setup

€ |n K* beam mode:
o If needed improve K+ ntvv, A'=>invisible, HNL single track decays
= All benefit from the same trigger signature
¢ [n proton dump mode:  pr E——

o ALPs, A>visible, HNL  E_—— Ress

d Run 4. there are some ideas BEZRAREE I EZ:
and also some efforts too — - || _Rund
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Summary NAG2 ()

Q NA62 experiment at CERN to precisely measure K* rare
decay K*> n*vv (BR ~10-11) indirectly searching for NP
effects

d High energy & intensity proton beam + long decay
volume & advanced detector system - NA62 as a very
powerful tool to search for hidden sector particles

€ Dark photon, Axion-like particles, Heavy neutral leptons
€ MeV to GeV mass range, weak coupling with the SM
€ Visible and invisible decays

O Operation in K* beam or proton beam dump mode
€ Easy to switch between the modes
€ Both modes considered after the long shutdown 2 (2021)
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FCNC Decay K*-> m*vv

ad Amplitude ~m?, ./ m?, > short-distance dynamics

u,c,t
& Effective theory framework for calculation of the decay amplitude

€ Negligible up-quark contribution

SM _ GF (87
/2 27 sin? 6, l

> (ViVeaXky + ViViaX (20)) (5d)v—a(mmn)v—a

:€7/’l’77—

d Theoretically calculable X'y, and X(x,) loop functions
€ Remarkable progress over the last decade
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Hadronic Matrix Element (x'vv|H}) k")

 Non-perturbative QCD problem

BR ~ 10710 BR = 59,

d QCD symmetry under Isospin rotation
€ Same Form Factors for semi-leptonic K-> =& transitions

d Precisely measured leading order decay K* - nie*v

& Extracted Form Factors used in BR(K*-> n+vv) calculations
o Known small corrections due to broken Isospin symmetry
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BR(K* = mr*vv) Master Formula NA6Z

A 8
Ky = (5.173 4 0.025) - 10711 {m] Apy = —0.003

A= Vs \ /t

B(Kt — ntvw) =|k(1 +|ArM)- [(Im)\tX(:ct))

)\5

. (Re)\CPC(X) . Re)\tX(:Et)>2}

A A°
/

P.(X) = 0.404 & 0.024 X (2¢) = 1.481 4 0.005¢, % 0.008xp

QA = V*tthdW - known from |V, | and |V, | measurements
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BR(K?, © movv) Master Formula NAG2 {

)\ 8
—(2.231+0.013)-10710 | —
kr = (2.231 +0.013) - 10 [0.225}

0. — Im)\t 2
B(Kp — mvv) =|kg|: X ()

O No charm quark contribution

[ No QED radiative corrections
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Input Parameters from CKM Matrix Y4624

0 Parameterization of A, and A,

)\2
Rer = [V V| cos (1 — 242) + (V|2 — [ Vi) A (1 _ 7)

ImA; = |V || Vep| siny

2
ReA, >~ —\ (1 — )\—>

2
A= Vs

d Direct measurement from leading order decays
€ Insensitive to New Physics effects
€ Discrepancy between exclusive vs. inclusive |V, |and |V, |

A Extracted from precisely measured FCNC observables
€ More accurate determination ex,  AM,,  AMy,  Syx
€ Sensitivity to New Physics effects
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Anaon ldentification - A 1AG NA62 [
(CEDAR) -

s v |

8 x Quartz Ring Image Corrector Light path Mirror
Windows  at Diaphragm - -

A ChErenkov Differential
counter with
Achromatic Ring focus

@ Filled with Nitrogen
€ Time resolution =70 ps
€ 45 MHz of total rate

O Gas pressure adjusted for K* selection with p, = 75 GeV/c
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ATAG FPerformance — rFressure NAG2 {,
Scan -

§ 0012 [ 1T 1T 1 T 1T 1 T T 1 1T T 1 T 1T T T T T T 1 T T 1 . NfOId 24
C _ o . Nfold 25
i) NA62 Preliminary
= - « Nfold >6
g V.01 T o=, Data 2015
O - . . Nfold >7
© - L4 ’:o
B - s Nfold = 8
= 0.008| -
E | & i
O ®
S _
0.006 ¥ oy
: T ® p i
0.004 | 7
- e* o K i
- 2® o 3; -
0.002 P L
— - 9 . ’q .: ¥ |
P =Y 2 Tl T Y 3 b .
0 Ll L occkededeean™o| | I° & ip | sboastmines sse ¢ snde | BE | [ PP |

1.6 1.65 17 175 1.8 1.85 1.9 1.95 2
Pressure [bar]
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Large Angle Photon Veto NAGZ Q)

Z ‘
IRIRRTR ! I
S 7 =
a |
\

d 12 ring-shaped stations
€ 11 stations operating in vacuum
€ Angular coverage: 8.5 — 50 mrad

€ Detection inefficiency: 104
o Ey > 200 MeV

d Sensitive material: lead-glass
/ blocks from the OPAL calorimeter

Q At least 21X, depth for incident
particles
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Middle Angle Veto - EM Calorimeter Y4624

"
o N oA ——— ‘ H
1L

z [

9000 litres of liquid krypton
€ T=120K
¢ 13,248 readout cells

d As a middle angle photon veto
€ Angular coverage: 1- 8.5 mrad
€ Time resolution: 300 ps

€ Detection inefficiency 103 - 107
o Ey=1-10 GeV

d <19% Resolution @ 20 GeV
® 27X,
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Small Angle Photon Vetos: IRC & SAC Y4624

s 8], |

Q Intermediate Ring Calorimeter My
d Small Angle Calorimeter Y
RICH‘VL_ 7
3 108 total n rejection il I\SAC
together with large and
© © " “IRC
middle angle photon vetos
CHOD
LKr
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Particle Identification — Muon Veto NA6Z

‘ "H INNTEN
A.-..'._.'::.':.':.‘:_‘:::::::.—_-;_-,_ +——+ J‘ﬁ** !
| X

d MUV1 & MUV2

- T T € “Sandwich”-type
calorimeters
o lron + scintillator

& 7.4\

d MUV3

€ Fast muon LO trigger

€ 2 orthogonal planes of
scintillator slabs

e =

[ 10° muon suppression
factor
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MUV1 Construction Work in Mainz

A 12 horizontal and e

B lF ?77,

11 vertical layers of

scintillator strips

with WLS optical

fibers

¢ 1218 strips in total

Gia Khoriauli - The NA62 Experiment -

11th Terascale Detector Workshop - 01.03.2018
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MUV1 Construction Work in Mainz
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K*> w+vv Analysis in Data 2016 NABZ ()

d After particle ID and photon veto cuts
¢ 2.3x10 K* decays (b9, of 2016 data) used

A Expected signal: 0.064,
expected background:

E NA62 Preliminary
| Data 2016 |

s L / 0.057, observed: O events
S oo 11 @ (The event in the box fails
oo 3| “ m2,.(w/o GTK) cut)
o'_]:ii ¢ Signal acceptance: 3.3%
[ o Will be improved
—0.05:—
d The SM sensitivity, BR<10°,
Iy expected to be reached

Mhss [GeVIC' using the ~full 2016 data
d Expected ~15 signal events in 2017 data
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NP Searches in Dump Mode: ALP NAGZ

d ~1 day NA62 data from running in dump mode already
sensitive to ALPs (created in photon fussion) at 909, CL
€ Large proton energy, 400 GeV 44
€ Long decay volume, 65 m

€ Assume O background
o Rather realistic 107

103

d Dependence of the
projected limits on 100

€ Production differential

cross section of ALPs and "~
lifetime 10202
€ Acceptance photons in the M, [GeV]

LKr electromagnetic
calorimeter
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NP Searches in Dump Mode: A’ NAGZ {,

A Search for displaced di-lepton decays: A'>ete”, A>utu-
€ 2x10!8 protons on target (~2 years)

ISR target P tot ________ ™ — =
& Limits at 909 CL, O background —Fmmm =1
o Production only in target, no TAXes o 50 100 150 = 250 (m)
, . . 2 T T T T 1T T1TT | _— T T T L l - T
| A’ coupling to ordinary y| ' Babar, NA48/2, KLOE. AL, {
( :
N i g ‘ J
107 2\ - : DALV = I 1N
El4
10°F —
1 0-1 LB B \'\'\\\\ -
Orsay, U70 \‘\\
1018 CHARM, NuCal \> -
S UNA62-.,
1018 Excluded regions E137,SND )/ (only brem \.-’l’(,’,i() d
Belle I, 50 ab, 2024 e
LHCb, 15 fB, 2023 ame”
107 HPS, 2016-2020 )
APEX, 2018+ SN
VEPP, proposed
10'° Mu3e, 2017+
MESA, 2020+ =
1 0-21 é ----- gz?g,uzeos;’sfg19+ L1 1111 l 1 1 [ A | [ ’ 2
] o o 1 | A’ mass (MeV/c?)

d Higher sensitivity is expected considering direct QCD
production of A" and dump on TAXes
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NP Searches in Dump Mode: HNL NAGZ

A Search for visible decays of long-lived HNL > ne, ntu
€ Limits depend on the relation of HNL couplings with the SM
leptons, U U U,
€ 2x1018 protons on target (~2 years)
€ Limits at 909 CL, O background
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