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Introduction — The NA48/NA62 experiments @ CERN wnﬁ 2 E éﬁ
The NA48/NAG62 experiments @ CERN

History of NA48/NA6G2 experiments

1997 Re €'/e
L NA48 (K/K) Discovery of
2001 direct CPV
NA48/1 Rare K, and
2002 (K/hyperons) hyperon decays
2003 Direct CPV,

d | NA482(KK) RareK'IK
2004 decays
AL RK = Kiezl KipZ

sl, NAGZ'RK (K+IK) Rare K}K- ,
2008 decays
2015 K- TC+V;,

" NAG2 (K*) Rare K* and r°

: decays

NAG62: currently ~ 200 participants, 29 institutions from 12 countries
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Introduction — The NA48/2 and NA62-R, detector wnﬁz é

The NA48/2 and NA62-R detector

Narrow momentum band K* beams:
P =60 GeV/c, oP /P, ~ 4 % (rms) in NA48/2

=74 GeV/c, 6P /P, ~ 1 % (rms) in NA62-R

Nominal K* decay rate: ~ 100 kHz
Simultaneous K*/K- beams

KMuon veto sytem
’Hadrl:ln calorimeter

Principal sub-detectors:

e
-

Liquid krypton calorimeter

'Hodoscope

Drift chamber 4
" Anti counter 7

e Spectrometer (4 DCHs)
o /p=102% @ 0.044% p(GeV) in NA48/2
=0.48% ® 0.009% p(GeV) in NA62-R

4 views/DCH: redundancy — efficiency
* Scintillator Hodoscope

Helium tank
/Driﬂ chamber 3

Magnet

Drift chamber 2
Anti counter 6

""" Helium-filled tank
Fast trigger, time measurement G, ~ 150 ps
 LKr EM calorimeter
High-granularity, quasi-homogeneous

G /E = 3.2%NE(GeV) ® 9%/E(GeV) ® 0.42%

G, =, =42mm/NE(GeV) ® 0.6mm (1.5mm @ 10 GeV)
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Introduction — Theoretical Motivations wnﬁz é
Majorana Neutrinos -

Asaka-Shaposhnikov model (vMSM) [Asaka and Shaposhnikov, PLB 620 (2005) 17]:

Dark Matter + Baryon Asymmetry of the Universe (BAU) + low mass of SM v

can be explained by adding three sterile Majorana neutrinos N. to the SM
Gorbunov & Timiryasqv, PLB 745 |(20|15) 29 B

ft'il.\i{.\l

NuTeV

e N, is the lightest O(keV) — Dark Matter candidate \
e N,, N, are nearly degenerate (100 MeV to few GeV) 100

to tune CPV-phases and extra-CKM sources of baryon
asymmetry. N, N, produce standard neutrino masses ~ 1o

through seesaw with a Yukawa coupling of ~ 10°® i)

Active-sterile neutrino mixing (U-matrix): - | | | | |
Effective vertices involving the sterile neutrinos N, 02 05 10 20 50 100

Th' 1k M GeV
the W+, Z bosons and SM leptons Is ta e 1t )
[€ =pl NZ,3 production in K* decays:

N \\ K - 4N, K* > 0N, ...

/ N,
2
Wt 7 p NZ,3 decays for m, < m.-m,:
N— _
> N-omf*, N->n
N Ny m S T+ N + -
1 Vi, N-C* 7V, N->v "t

N-v . VYV
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Search for Heavy Neutrinos in K decays — NA48/2 and NA62-R,

NAG2 ()

NA48/2 + NA62-R : a complementary study

Heavy Neutrino Production:

e Independent of HN decay modes
e Sensitive to long-living (or stable) HNs

Heavy Neutrino Production + Decay:
e Model-dependent (HN decay modes & lifetime)
e Sensitive to short-living (unstable) HNs
e Sensitive to Majorana/Dirac nature of HN's

08/03/2017

Main trigger streams

NA48/2: 3-track vertex, K* - m*n’n’
NAG62-R: / I-track (¢*), min-bias

\

/

Vv

NA48/2: K* - u*N, (N, ~ W)
HN Production + Decay
[arX1v:1612.04723]

N

NAOG2-R :K*—U*N,
HN Production
[Paper in preparation]
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Search for Heavy Neutrinos in K decays — NA62-R, single-muon sample wn 62 é

The NA62-R  single-muon sample

Only K* period (43% of NA62-R, sample) due to higher muon halo rejection

% 5 | + Dala
- | Si K*—p'v, (1)
L%’ 350 C_o_ntrnél ________________________________________________ 5‘,.31;;|nal______E _________ !
. K -’
> i | o

200 4"

150

100

(4]
o

......................... N
250% %MM% MH# #

o

Uncertainties
on background
= PN W
o
IIII|IIII|I II|IIII T

o o
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340 360

mmiss

» Event selection:

> One well-reconstructed u* track
o No clusters in LKr with E > 2 GeV,
if not associated to the track

o Cuts on z0 plane to suppress muon halo

o Signal Region: M__ (u*) > 300 MeV/c*
« Kaon decays in the fiducial volume:

N, ~ 6 X 10’ (from reconstructed K* - p*v)

[Downscale D = 150 of min-bias trigger]

| o Data-driven study of:

- Halo background

o Spectrometer resolution tail
o Trigger efficiency

o Muon ID efficiency

|« Dedicated MC simulation for:

380 ., Acceptance vs HN mass

(MeV/c?)

o HN Peak resolution vs HN mass

Karim Massri — La Thuile 2017 — La Thuile 6




Search for Heavy Neutrinos in K decays — NA62-R, single-muon limits wn 62 é

Search for K* - u*N, decays

Error budget vs HN mass: Peak search in missing mass M = V(P, —P )’
' B 5 ! M— Rolke-Lopez statistical treatment to get UL(N _ )
14000 &L L S — statistical (data) || sig
|} : ’ . Ky ! ! ! ! ! —
: 5 5 4001 o, S o --- Expected limit
7212000l M o W halo model | | | 5 | | observed limi
= halo K3, scale O 5 5 5 5 5 served mit
) ~ : : : : :
> T — ‘g 350 — — — /1 ;0 eXpecteZl1
E 10000 L Ay —— | ?_'\ - : : | J_expectrj:
E B kaon flux Umj 300+ :
% S000 MWV, : MUV efficiency |- %
qu . : : BN trigger efficiency % 250+ .
° | | 5 DCH tail =
5 6000F L S tails i g
,.Q ; : ; ; ; .ao 200 i ]
g 7
= 40000 WWAMA “
~ — 150+ §
™~ o
2000 ™\ v N = 100 | |
| | =
o
a a | . S ¢
260 280 300 320 340 360 380 5 B 1
Heavy neutrino mass (MeV/ c?)
0

300 310 320 330 340 350 360 370

Statistical uncertainty on halo background : )
Heavy neutrino mass (MeV/c=)

dominates for HN masses > 300 MeV/c?
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Search for Heavy Neutrinos in K decays — NA62-R, constraints on |U# N

Constraints on IUu JF from NA62-R

From NSig to BR:
ULB(KT — p™Ny))

_ UL (N Sig)
Ny * Acceptance

99 ><I10_5

NAG2 ()

K

From BR to IU 4I2:

|Uu4‘2 —

].M B(K+ — /,L+N4)

p()) BIKT = )

--- NAG62 expected

KEK E089 (1982)

2.0} BNL E949 (2015)

| — NA62(2007data) | N

160 ]

1ob P\ L R

UL on |U,4* at 90% CL

UL on BR(K"™ — u"v,) at 90% CL

0.4l ; ; ; ; i i i
%300 310 320 330 340 350 360 370

Heavy neutrino mass (MeV/c?)

100 LT
280 300 320 340 360

Heavy neutrino mass (MeV/ c2)

380
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Search for Heavy Neutrinos in K decays — NA48/2 same-sign muons sample wn 62 é

The NA48/2 same- 51gn muons sample (LNV)

E B [eow | Bindanabin Ko seiotion basd on
R Y —— MG K ot o K*— 7t MC simulation
% 102 [~ [N K* - m*n*nt- MC simulation (10!° events)
E L ‘= ° Control Region: M(m"u“u*) < 480 MeV/c*
E | —— —— e . Event selection:
B | .............................. .............................. .............................. > One well-reconstructed 3-track vertex
10 | | | o 2 same-sign muons, 1 odd-sign pion
: || . ToulP, consistent with cero
e o 1 5 S o Signal Region: IM(m*u*u*) - M, | <5 MeV/c?
I « Kaon decays in the fiducial volume:
! N, ~ 2x10" (from reconstructed K*— **m")
|  Expected background: Additional K* - t* 't
T O e ; MC sample (10% events) used to evaluate number

460 470 480 490 500 _
M( ), MeWcz Oof expected K*— *t*nt- events in Signal Region

Events in Signal Region observed after finalising K* - w7 u*u* selection - N_ =1
Expected background (from MC simulation): N = 1.163+0.867 _+0.021_+0.116

syst

Rolke-Lopez statistical treatment to get UL(Nsig) - | BR(K* - " uu*) < 8.6 x 10'* @ 90% CL
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Search for Heavy Neutrinos in K decays — NA48/2 opposite-sign muons sample wn 62 é

The NA48/2 opposite- 51gn muons sample (LNC)

Entries/(0.5 MeV/c?)

10°

10

..... —_—— Data

- é — M Koy
| | | [ ImMC K srintn

» Event selection:

o Minimal changes with respect to same-sign
o One well-reconstructed 3-track vertex

S (Emexorriv] . 2 opposite-sign muons, 1 pion
- el Total P_ consistent with zero
= o i i . Signal Region: IM(T"WW") — Ml <8 MeV/ ¢’
- A A — e
e T +
_ | 200 + Improved selection
O : 1 with respect to
I & (| | —~on previous NA48/2
= b K* - uru~ analysis
%“WM H i [PLB 697(2011)107)
Ta0 a0 a0 a0 s m w

M(riutu), MeVic? |

;JIO | I2E|50‘ | I28!0I | I3‘{|Zl0I | 52|0l | I34|10I | ‘3(‘50‘ | ‘SG!OI

M(rp), MeVic? ’

K* - **nt~ background: (0.32 + 0.09)%

3489 K* - w*uu~ candidates in Signal Region To be scanned searching for

peaks in M(7T*L™) invariant mass
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Search for Heavy Neutrinos in K decays — NA48/2 same-sign muons limits

Number of events

2.5

1.5

0.5

Signal significance

DR Lo LMW

Search for K* - u*N (N, - t*1*) decays

Same-sign muons sample (LNV)

UL on NSig at 90% CL

U L
'D/ata MC K —r=n*n
[ ]
MC K=
| | | | I 1 el e | = i -!——l‘- i —".——L—L Ll | | |
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08/03/2017
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36
Assumed N, mass, MeV/c®

34

UL(BR(K*»u*N,)BR(N,»n"u*))

107

4

10°®

10°®

UL on BR(K* — 1*N,) x BR(N — mu*) at 90% CL

NAG2

d
v v

_ UL (Nsig )
N ¥ Acceptance

M

% 1=1ns
1 =100 ps
—

Acceptance ~ 1/7 for T > Ins

J

10'105—

E L T < 1{} ps

_I L1 | L 1 1 | L 1 1 | | 1 1 | | 1 1 | L 1 | | 1 1 | | 1
260 280 300 320 340 360 380

- Assumed N, mass, MeV/c?
. . . epe —N
> Statistical significance z=——=—22
O<Nobs)®G(Nexp)

never exceeds +36: no signal observed
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Search for Heavy Neutrinos in K decays — NA48/2 opposite-sign muons limits Wn 62 é

Search for K* - u*N (N, - T"1u*) decays
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Opposite-sign muons sample (LNC)

.‘; |
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never exceeds +36: no signal observed
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Search for Heavy Neutrinos in K decays — NA48/2 constraints on |U MIZ Wnﬁz _ é_‘

Constraints on IUlLl > from NA48/2

ULon |U |*at 90% CL
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Same-sign muons sample (LNV)
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340 360 380 260 280 300 320 340 360 380
Assumed N, mass, MeV/c? Assumed N, mass, MeV/c?
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Conclusions Wﬂ 62 : é
Conclusions o

The NA48/2 and NA62-R, experiments at CERN were exposed to ~ 2 x 10"
and ~ 2 X 10'° K* decays respectively

Heavy Neutrino searches presented today:
- Search for K* - "N, decays [HN production]

e Limits on BR(K*—- u*N,) ~ 10, limits on [U > ~ 10~ for M, > 300 MeV/c?
u4 N

- Search for LNV K* - t*u*u* decay [Production and decay]

e BR(K* - u*u*) < 8.6 x 10" @ 90% CL [World Best Limit]

 Factor of 10 improvement with respect to previous best limit [1.1 X 10° @ 90% CL]
- Search for K* - u*N (N, - T*u*) decays [Majorana neutrinos]

» Limits on BR products of the order of 10'° for neutrino lifetimes < 100 ps
- Search for K* - u*N (N, - w*u*) decays [LNC heavy neutrinos]

 Limits on BR products of the order of 10 for neutrino lifetimes < 100 ps
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