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NA62 Collaboration

~ 200 participants

Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax (GMU),

Ferrara, Florence, Frascati, Glasgow, Lancaster, Liverpool, Louvain-la-Neuve,
Mainz, Moscow (INR), Naples, Perugia, Pisa, Prague, Protvino (IHEP) , Rome I,
Rome II, San Luis Potosi, TRIUMF, Turin, Vancouver (UBC)
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The Kaon Factory

The main aim is the
measurement of

BR(K->mtvv)
with a precision
better than 10%




K->mtvv in the SM
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Search for New Physics at the EW scale with sizable coupling to SM particles via

indirect effects in loops

B (Custodial Randall-Sundrum
[JHEP 0903 (2009) 108]
B MSSM scenarios:

[JHEP 0608 (2006) 064]
[Int.J.Mod.Phys A29 (2014) no.27,
1450162]

2 Simplified Z, Z’ models
[JHEP 1511 (2015) 166]
B Littlest Higgs with T-parity
[Eur.Phys.]. C76 (2016) 182]
& LFU violation models
[Eur.Phys.]. C77 (2017) no.9 618]
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K->mtvv for new physics NA6Z é

Search for New Physics at the EW scale with sizable coupling to SM particles via

indirect effects in loops 2o [JHEP 1511 (2015) 166]
2  Custodial Randall-Sundrum
[JHEP 0903 (2009) 108} N Y
' = arg Vi,V
B  MSSM scenarios: =
[JHEP 0608 (2006) 064] < -
[IntJ.Mod.Phys A29 (2014) no.27, < 0
1450162] 0
B Simplified Z, Z’ models / o s A, or Ay only: _
E’ 5 % |NP o Im Ai(n) / M22w
[JHEP 1511 (2015) 166]
’ ¢! al NP AL +Ag| x|AT|
B Littlest Higgs with T-parity W e As e
5 . . .
[Eur.Phys.]. C76 (2016) 182] ° ° 10 " 20 * 3°
B(Kt = ntvp) [1071]
& LFU violation models
[Eur.Phys.J. C77 (2017) no.9 618] KOTO (KLEVER...)
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Measurement strategy

N ,g 1 K*Smad(y)
. : g 107 ¢ %
Decay in flight technique: < 2 IR
[ 5l =XV gt
107 £ o
E 2 | Krontnt
> .3 o
~ - 5|
= 10-4 _ \'\,\ | \
: N | |
107 ¢ PR
E .gn 'E’D ) \_\'\.
10° NE O RN
: £ N
10_7 IIIIIIIIIlIJIIJJ;I//Iilllilllllllllw\"
—-0.04 0 0.04 0.08 0.12
Decay BR Main Rejection Tools m2.. [GeV*/cY]
K™ — pvu(y) | 63% p-1D + kinematics * very good kinematic reconstruction
K¥ > at19(v) | 21% v-veto.+ kinematics . time measurements
Kt -5 7atatn~ | 6% | multi-track + kinematics
Kt — ntalzn? 2% v-veto 3=kinematics * K,7,u identification
0, - : : :
Kt > OeJ’Ve 5% e-1D 4 7-veto e Hermetic detection of muons
Kt 3 n%uTy, 3% -ID 4+ ~-veto . .
i ° a L . * Hermetic detection of photons
Roberta Volpe APS DPF 2019



VAGZ2

JINST 12 P05025 (2017), arxiv:1703.08501 -

NAG62 apparatus

* very good kinematic reconstruction

I ' ss (pK — p7T)2
¢ PreCISQ time measurements miss

33x101! ppp on T10 (750 MHz at GTK3)
Secondary beam: 75 GeV/c momentum

K* (6%)/ 7" (70%)/p(24%)

. CHOD
FV: Fiducial decay Charged Hodoscope,
volume plastic scintillator
TargEt (T10) Vetoing bkg from I iRl | I
beam-GTK interactiong H H H
r | IR 12 s8]
—> I oot - Bl
KTAG INININiN H H H
Kaon identification LU | | W L
Differential Cherenkov detector -
o(t) =70 ps ,
0 CTK 100 m 160 m STRAW
Kaon trackin 120 m tube in vacuum  Downstream tracking: Dipole spectrometer
5 (500 m3 at 10-¢ mbar) 4 straw-tracker stations

Si pixel, 3 stations
o(t) =200 ps, o(p)/p = 0.2%

o(p)/p=0.3%
@ Time resolution ~ 100 ps

M o(m2piss) = 10-3 GeVZ/ ct
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NA62 a‘pp aratus JINST 12 P05025 (2017), arxiv:1703.08501 é

background rejection: K+ — w+n0

Hermetic photon veto system

(LAV,SAV,LKTr) Large Angle Veto (LAV)

12 stations (lead glass blocks) CHOD
Multiplicity rejection Covering angles 8.5 <0 <50 mrad Charged .Ho.doscope,
(L AVSAV LKr, CHOD,STR AW) plastic scintillator

a8

IaE N
11°""11" """ 11" =~f==cecauad.] - < lEs - E'g"‘[:-lﬂ

0 100 m 160 m LKr calorimeter
Photon detection

A e(mt%)= 3 10-8

IRC: Inner Ring Calorimeter Covering angles 1<0<8.5 mrad
Small Angle Calorimeter
Covering angles <1 mrad
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NAG62 apparatus

JINST 12 P05025 (2017), arxiv:1703.08501

NAB2 §

background rejection: K—>u*v RICH MUV
Ring Imaging Muon veto system
Particle identification: Cherenkov detector MUV1 & MUV2:
Hadronic calorimeters for
To separate mt/p/e Neon 1 Atm the 11 / 7t separation

7/ /e separation

The RICH is used also to obtain
an independent p momentum measurement

MUV3: Efficient fast Muon Veto
used in the hardware trigger level.

Iron

0 100 m 160 m

Multivariate analysis
with MUV1, MUV2 and LKr info

2 algorithm for the RICH variables
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LKr calorimeter
Photon detection

1

He(ut) =108 &(n+)=64%




VAG2

JINST 12 P05025 (2017), arxiv:1703.08501

NAG62 in real life

Same analysis strategy:

2016 run:
published result

Phys. Lett. B 791 (2019) 156-166,
arXiv.1811.08508

12017 run:
work in progress
Preliminary studies in

SPSC NA62 status report:

http://cds.cern.ch/record/2668548

About 20% of K+ decay inside the fiducial volume

2 years running at high intensity we collected:

e O(1013) K+ decays in fiducial volume

Roberta Volpe APS DPF 2019 m


http://cds.cern.ch/record/2668548

Analysis strategy

e Normalization to K->m*m0 decay
(non-factorizing efficiencies evaluated

[GeV¥c*
&

I T 1T 1 I | 3 O D | I T

with data driven methods) g
e Data-driven background estimation 9.05
e Control regions to validate it
0
—0.05

DObS - Bkg

€ '@trigger ) €RV} gVK }

BR(Kt = ztvp) =

-— -
-—-- o - e_

RTINS NS Tiriile o
Efficiencies 10 20 30 40 50 70
not in common Number of kaon m* momentum [GeV/c]
with K->m+m0 decays in FV

Measured with K->mt+m0

£(RV), Random Veto efficiency: signal efficiency due to accidental activity
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Results from 2016 run

Process

Kt - nta%y)

K+ — puto(y)

Kt —>natntn~

Kt - mtm—etv

Kt > n%uty, KT > n
Kt —atyy

Upstream background

Expected events

0.064 4 0.007 ¢4 & 0.0065y
0.020 = 0.003;¢qr & 0.0065ys
0.002 4 0.001¢qr & 0.0025y5¢
0.01370017 | tar & 0.0095y
<0.001

< 0.002

+0.090

Oty

( Total background 0.152F0:092 |star & 0.0135yst

Mrveasreas

e(mvv) = 0.04 £0.001 {0-12
e(trigger) =0.87+ 002 NK=(1.21+0.02) x 1011 T 0
e(RV) = 0.76+ 0.04 S 0.08
NS, (SM) = 0.267 = 0.001q¢ % 0.020,y; & 0.032¢x¢ sﬁggj
0.02
0
BR[obs] <14 x 10-10 ~ 17 x BR(SM) @ 95% CL -0-03
BR[exp] < 11 x 1010 ~12 x BR(SM) @95% CL| '
The decay in flight technique works
Roberta Volpe APS DPF 2019

Phys. Lett. B 791 (2019) 156-166

NAG2
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VAGZ2

http://cds.cern.ch/record/2668548

Analysis of 2017 run

M Higher intensity
M ~10x more data w& 0.12 -
N N K'>n*n*tn
M Improved LKr reconstruction % 0.1 - ERCHEREL
M  40% better 2V rejection (it does not S, 0.08 T o
depend on intensity) N-E 0.06 - | ”
M Slightly improved usage of RICH 0.04 - . e “
variables 002k
M No effect from intensity on z B
efficiency and y rejection. B ...
—0.02 - '
* ® p— _0004 .
€ etrigger €Ry = 2.3 % |
12 —0.06 ——
N, = (1.3+0.1) 10

7t Momentum [GeV/c]

expect 2.5 SM KT—nvv events
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K* — u*v background estimation

VAGZ2

http://cds.cern.ch/record/2668548

j: bin in momentum

: fj‘m(regzon)]
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J
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(COI}tml) tagging p with MUV3 signals
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Also bins in 0.6
intensity considered0-5

IIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIII

0.4
0.3 St
02:__._,_._—0— ®
0.1
0 200 400 600 800 1000

Intensity [MHz]

APS DPF 2019



K+ — nt 70 background estimation Mﬂﬁz

http://cds.cern.ch/record/2668548

j: bin in momentum

exp : _ E : +..0\ .| rkin : x10~°
Nﬂ'ﬂ' (regzon) T |:N<7T T )] f] (T@gZOTL)} C) 2 -~ —%— Data Region 1+2
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Background estimation s

tatus
http://cds.cern.ch/record/2668548

VAGZ2

‘MC validated with control sample data Process Expected events in signal regions
2 4 e KT — 7T+7r0('y) IB 0.35 £ 0.024¢4¢ £ 0.03 5y
> ol ot
g s Lworomreny Kt — utv(y) IB 0.16 + 0.0140¢ + 0.05,5
XS + (Ko ataety) 0.22 =+ 0.08 a1
g 4 + Kt = ntrta 0.015 £ 0.0084¢4 £ 0.0155,4
2|~ Kt — 7ty 0.005 % 0.0054,5¢
.,‘.l.rﬁ'ﬁjiﬁj\.|,H.|,‘..|H..|.H..\ + - 0 = A
0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 K™ = I"mv L 0.012 £ 0'0128y8t Llllnﬁf
M [GEVTC] Upstream Background | Analysis on—going IN PROGRESS
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7 800 <10’ | § %)0 118
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M2, distribution

http://cds.cern.ch/record/2668548 v

VAG2

, momentum (15 20) GeWc , momentum (20,25) GeV/c
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» Use the information from the
distributions to
» Increase the sensitivity for mtvv
» Search for a peak (sensitivity to
several models in the hidden
sector context:
e dark scalar(Higgs-mixing)
e axiflavon, ..

» 4 bins in pion momentum
Unbinned analysis in
missing mass




Further flavor physics program NA6Z

7z Standard Kaon Physics:

* Measurements of the BR of all the main K™ decay modes:

* JPT: K —x'yy, K+%7r+7r0e+e_, K+%750(+)7£O(_)l+v

e Lepton Universality: Rg = F(K+ee+ve)/(K+e,u+vM)

?  Rare/forbidden K* and n! decays at SES ~10712.

K" physics: K —nT17T, K+%7'c+yl+l', K+%l+vy,

LFV/LNV searches: K™=z yte™, K+en‘ﬂ+e+,(K+e7r_l | "j

0 . 0 0 _ 0 4+ -0
* 7 physics: KT—=z'n,n —e'e,x —eee’e

/Published result: \

Lepton number
violation (LNYV)

arXiv.1905.07770
Phys. Lett. B 797 (2019) 134794

K‘_ Next slide /

, = yry(y), ...
All the other 1/

analyses

e K" - 171" : AL=2 and ALu=2 or ALe=2 via Majorana neutrinos U
are work d

in progress

Violation of lepton flavor/number conservation laws is predicted in BSM models:

Py

[JHEP 0905 (2009) 030]
[PL B491 (2000) 285-290]

Roberta Volpe APS DPF 2019



NAG2 {

arXiv.1905.07770
Phys. Lett. B 797 (2019) 134794

Lepton number violation

e Subset of 2017 data, goj
corresponding to 3 months of gz
data taking (3 times more data 1 Ozf
still to be analyzed.) 10;

¢ dedicated, downscaled triggers

e Normalization from 107380 400 420 440 460 480 500 520
m(mutu) [MeV/c?)

BRIKY - 7 utu™) <42x 107" @90% CL

NA62

corresponding SM channels

n e e

Improved previous PDG
upper limits: ol
BR(K* = 7 utu~) < 8.6 x 1071 @90 % CL :
[NA48/2] g
BR(K* — ne*e™) < 64x107°@90% CL 10k Ul 3
[BNL, E865] 0 w0 a0 w0 e ey |

BR(K* —» nete) <2.2x107°@90 % CL

liya:

—— Data
K -nnn

K -rre’y
K —e've'e
[ K’—)[e'e'y]n‘,e’v

250 300 350 400 450 500 55
m(te*e*) [MeV/c?]

2
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Conclusions

{12016 data:

§ decay in flight technique works, 1 candidate event observed:
BR (K" —ntw) <14x10 " @95%CL,
Published in [Phys. Lett. B 791 (2019) 156-166]

o o)
=i
Q
(\II
O
=i
Q
N

lLII

2017 data completm,q the ana1V81s | Roekess A
. S 7 7 7 7
SM ?
5 é d " ' |
V AY% D o
Prague (2015)

Thank you for your attention NAG62 Collaboration

this is actually not
a pengum

O Developing improved
| analysis for the full NA62Runl §
! dataset 2016-2018 ]

[ After LS2 ~ 2 years of data f
{ taking to achieve 5-10% "
f uncertainty

Meeting
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My, My, m, My,
L A Im), :
B(KT — nmvr) = k(1 + Arm)- \E (x¢)
5Pc,u -
ReA, ReA 2
2.9% PSP(X) +( \ Pe(X) + )\5tX<xt)>

1.8% B

|Vcb| 999

R
D70 other

22
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LAV: photon veto

at large angles

lead-glass blocks

STRAW: Downstream tracking

IRC, SAC: lead and
scintillator plates
Shashlyk
configuration

RICH: Ring imaging Cherenkov

kinematics and particle ID

MUV0, MUV3

X [m] MUVO plastic scintillators
A GTK: kaon tracking:
2 - STRAW HOD
3 stations of silicon sensors LAV MUV1,2 Muon
i Iron
- 44 T T Y]
I MUV3
Target KTG GTK | ) T i ‘I SAC veto
0 - ST I T T T L - AL UuITl —— Hadronic
1] KTAG: Kaon 1 1 1 l } HASC |} |calorimeters
1 |identification IRC Dump
21 |Cherenkov counter RDeeclg%‘ll - > LKr
filled with N2 d
(l) o | | | 160 lfl)O | | | | 260 2;')0 ~
Z[m]
CHOD LKr: quasi-homogenous
charged hodoscope ionization chamber 27X0 deep
Roberta Volpe APS DPF 2019



Random veto

W
=
=

dN/(80 MHz)
SIS
—J
S o

150

100

50

0 L [ [ I
0 200 400 600 800 1000

Roberta Volpe

x10°

IIIIII

l}lllllllllllllllll

I

Design nominal
(3 s effective
spill length)

|1||:l—§ﬁ+

Instantaneous Beam Intensity (MHz)

> 15
&
) Z_ R 35
i 0‘85
= 075
0.6 -
0.5 -
0.4
0.3- S
- ——=—— Photon + Multiplicity Rejection
0.2 - E Photon Rejection
C v LKr Veto
0.1 o tAvveo
0:I | l]:[l l | Illll_li‘l ~‘IZ:IIK;I I | | I | I | I
0 200 400 o600 800 1000
Intensity [MHz]
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Standalone RICH

RICH candidate -Track association The charged hodoscope (CHOD) hit is

0 . e D) .
Diricn = (lx""""' - XpwM ‘)- * (/ rrch — 1 z(,-,f‘l-i-m) matched to track candidate through
tlc + . : . . : '
IX 207 spacial criteria, and CHOD time is used
as Track Time

x10°° o

= 10 —0.16 10 , .

& g 4 : 7 / maf 10796407/ 13
- 6 ; 0.14 |- Comstant 15408 + 7.1e403
é 4 E 0.12 :_ Mean ~0008102 + 0.000000
’bi' 5 E 0.1 ;'_ Sigma 02505 +0.0000
g 0 0.08 —
< 2 0.06 |

—4 C

0.04 -

—6 C

-8 0.02 -
M08 6 a4 2 2 4 6 10 R -1 0 N
) GRICH | gSTRAW 1o q) Tiaer - Tricn [n8]

The candidate which minimizes D(RICH) is

chosen if it satisfies: o(TTrack-TRICH)~ 260 ps

— D < 50; . .
RICH Time resolution for

— the fit probability is larger than 0.01; . .
a RICH candidate is <100 ps

CHOD

trark

— Tricy is within £2 ns of |

Roberta Volpe APS DPF 2019



Standalone RICH

RICH Radius f the fit E 290
. m tne B
adius fro = 200f
. Momentt.lm measured by 2001
the tracking = 180 — 10
= PR 7 =
= 160F- - . P -
. 20 140F: fEET :
Radius is measured Q—{: 120E- g
by the only 100:_
RICH detector - 1
No possible bias 805_
from other detector OO0 oo o e
0 10720 3040 50 60 70 80 90

p [GeV/c]

MRrcH :. o (ta " ( g’(, m? ) )
e Pﬂgf

Focal length ~17 m

26
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2016 Background evaluation

VAGZ2

Phys. Lett. B 791 (2019) 156-166

— 106 + Data Control Sample 0.14 - + Expected SM K —>n*vv
3] {7} - o
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Besides the strong CP problem, it solves the
flavor hierarchy puzzle in the SM

D 95, 095009 (2017) arXiv:1612.08040
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