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Kt 5> mtvw
e Search for invisible vector bosons
* Search for LNV processes in kaon decays

* Conclusions
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The NA62 experiment at CERN

* Fixed target experiment
* Kaon decays in flight
* Main goal: measurement of BR(K* - m*vv) at 10% precision level

Primary beam of protons from SPS (400 GeV)

Secondary beam of hadrons (75 GeV, 800 MHz)
e - 5 e * Pions (70%)

g - A e e * Protons (23%)

=>4 ~ P * Kaons (6%)

* Muons (0.7%)
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NA62 schematic layout

Keystones:
*O(100 ps) timing between
sub-detectors
*0(10%) kinematic
background suppression
*> 107 muon suppression
*> 107 n%uppression
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More details here: https://arxiv.org/abs/1703.08501
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https://arxiv.org/abs/1703.08501

Theoretical motivation for Kt — m¥vv search

K* — mTvvis a FCNC process, very suppressed by CKM

S %4 v S
“Swwwwww 4 :
u,ct u,c,t
i A 16: /4, T 7 Short distance contributions,
dominated by t loop
AW
d W % % v

Theoretical prediction [Buras et al. , JHEP 1511 (2015)]:

BR(K* - w*tw) =(8.4+1.0) x 10~
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https://arxiv.org/abs/1503.02693

Theoretical motivation for K —» vV search

K — mvv decays are very sensitive to New Physics (NP) beyond Standard Model

The correlation between these branching ratios is predicted by different models like:

 Randall-Sundrum
* Littlest Higgs with T parity
* Minimal Flavour Violation

K — mvv decays are very powerful tools to probe NP sector
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K™ —» nwTvv experimental state of the art

Measured value [Phys. Rev. D 79, 092004 (2009)]:

BR(K* -» m*tw) = (17.37132) x 10712

Z F N v 90% CL
%104 E 'Camevr;_?:mg —— Measurement
Lot
0, oL vKlems All the measurements have been
= vCable .
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E ,E787
10° = ,E787
,g B
10 EE E787E787
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.092004

K™ — vV analysis strategy
Decay in flight technique

mrzniss = (Px — P)H(Px — Pn)u

B
5 r\t% 0.2 K > a®(y)
1—|Séc-.1s:—
Mo Blind analysis based on:
0.14— . . . .
- P * Kinematic rejection
0.12— H
- * 15GeV/c < P, <35GeV/c
01
- _ * mlID
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b g * Photon veto
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0:—.‘r_./././|.
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Single Event Sensitivity (SES) in 2016 dataset

1 1 A__BR 1
SES — . — Vv Tt . wr
Ni €nvys  NexD  AnyyEerigger €rv Souce | 8SES (1071

/ 4 \ Random veto 0.17
Acceptance Ny 0.05

K+ — gtog0 Random veto
sample used for Trigger efficiency 0.04
normalization Trigger efficiency Definition of Tt region 0.10
Momentum spectrum 0.01
N = (1.21 £ 0.02) x 1011 Simulation of =™ interactions 0.09
Extra activity 0.02

_ -10

SES = (3.15 + 0.0144¢ = O.24Syst) X 10 GTK Pile up 0.02
NEP = 0.267 + 0.001 50, + 0.020y5¢ + 0.0324 Total 0.24
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Results from 2016 analysis

012
1:;;: 0.1;% [IK* — nvwMC
8 0.08§ = ':".‘" *. e, +data
é 0.06%
+ oo 0.02%
K" - n"vv (SM) 0.267 + 0.0015;4¢ £ 0.0204y5; £ 0.032,4; %
0
—0.02%
Total expected background 0.15 % 0.09¢4¢ £ 0.015y;
—0.04%
K™ > n"n"(y) 0.064 £ 0.007 ¢4  0.0064y4 ¢
— I ‘ 1 1
N N 0.0 15 20 25 30 35
K™ = p™v(y) 0.020 £ 0.0035¢4; £ 0.003y4; 7" momentum [GeV/c]
Kt > ntnetv 0.018%3:0%7 seqr £ 0.0095y5¢
Kt > ntntn™ 0.002 £+ 0.0015z4¢ £ 0.002,,5,
Upstream background 0.05079:030 | stat
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Results from 2016 analysis

[ K" = avwMC

1 event observed

K* > ntvv (SM) 0.267 + 0.0015;4¢ £ 0.0204y5; £ 0.032,4;

Total expected background 0.15 % 0.09¢4¢ £ 0.015y;

Kt > atrn(y) 0.064 1 0.007¢4¢ £ 0.0064,,5;

Kt - utv(y) 0.020 % 0.003¢4¢ £ 0.0034,y5; 7" momentum [GeV/c]
Kt > ntnetv 0.018%3:0%7 seqr £ 0.0095y5¢

Kt ->ntn*tn™ 0.002 + 0.001 54 + 0.0024,,5¢ BR (K+ - 7T+V17) <11 X 10—10 @90% CL

Upstream background 0.050%3:030 | stat BR (K+ - wtvv) < 14 X 10719 @95% CL
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2017 dataset analysis

* Higher beam intensity
* 2016-like selection

* Improvements on:
* Pile-up treatment in IRC/SAC

» 0 rejection
* Usage of RICH variables

N = (1.3 +£0.1) x 102

SES = (0.34 + 0.04) x 10710

exp __
N vy ~
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Signal Region 2

0:- Signal Region 1

nt Momentum [GeV/c]

Process

Expected events in signal regions

25+04

K+t = at7%4) 1B
K™ — utv(y) IB
Kt —»rataety
Kt - ngtata~
KT — 7ty

K+ — 1T7%

Upstream Background

0.35 £ 0.02440¢ &= 0.03 55t
0.16 £ 0.01sz0¢ &= 0.055ys¢
0.22 £ 0.084¢0¢

0.015 £ 0.008¢4¢ &= 0.0154y
0.005 4= 0.005y st

0.012 £ 0.0124y

Analysis on-going
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Search for invisible vector bosons

Possible extension to SM with a new U(1) symmetry mediated by A’ (dark photon)

Search for A’ through the decay chain:
Kt - ntrnY

¥ - yA'

Master formula:

2
mn.o

5\ 3
m,
BR(m? - yA") = 2¢€? (1 ——4 ) X BR(mt® - yy)
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Signal selection

* Normalization: K* - n*r” . CHOD 1y
2

- Main kinematic variable: M2, . = (PK — P, — Py) e I I

* No in-time activity in LAV, IRC, SAC I I

* No extra activity in RICH e CHOD (photon
conversions)

Data, n®—yy

MC, n'—yA', M,. = 60MeV/c?
Mc, mi-yA’, M, = 90MeV/c?
Mc, mi-yA’, M, = 120MeV/c?

T IIIIIII| T IIII|T|'| UL

Main background:

0

* - — Yy with a mis-reconstructed photon

1 L 1 1 ! L L L 1 L It 1 1 1
5 0 0.005 0.01 0.015 0.02
M2, [GeVic]

Events per tagged n% (4 x 10 GeVZ/cY)
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Background evaluation

g 5005_ — Signal search sample
.:g 400:: + Background sample
Sidebands to scale background: 2300
0.00005 < M7, < 0.00075 GeV?/c* 5200
€100 ==
w 2 , ) ) ) |
£ 0_ /\_/\/\/—/\

-g “:E}l —— Signal search sample
S 60, —+— Background sample
Signal region: ; a0
0.00075 < M2, < 0.01765 GeV?/c* {2
O(1) background events with 4 x 1087% decays : " .

10
M, [GeV¥/c* x10%]
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Results

No statistically relevant excess has been Y
found 10°
Improvement of previous limits in the
range 60-110 MeV/c? for A’ mass 10

107

T 'IIIIIII

1 1 1 1 1 1 1 L 1 1 1 1 Il 1 ] 1 1 1 ]
40 60 80 100 120 140

M ,. [MeV/c?]
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Search for lepton number violations

Lepton number conservation is an accidental symmetry that emerges from the SM
* Its violation by 2 units could indicate the presence of Majorana neutrinos
* LN violation search with kaons: K* - n~[*I* , | = (u,e) analogous to 0vBf

<
Current limits (90% CL):
U BR(Kt - metet) < 6.4x1071Y BNL E865
BR(K* - utu*t) < 8.6 x 10711 CERN NA48/2

A
/g
|
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Signal selection

Normalization channels: SM decays K™ - m

+l+l—

Blind analysis technique

o | s
) 1 0—1 A
* 3-tracks vertex, Q=1, | P3trks — Prl < 2.5 GeV/c g :
5 L\ . ‘
*Upstream K identification S 02k LKr: 0.9<E/p<1.1 {for ')
c'Y E :
* Key point: PID (mostly E/p and RICH but also MUV3) =B b
€ _m g RICHlikelihood (for )
OMam background' K+ - T[+T[+T[_ through +[|=:10 E_ .............. E .................................................................................................................
* particle misID ° [ X5
Z t \i&
* decay in flight o ) B S
yinTe 51045 LKr and RICH (for =)
e r
For mee channel: M(ee) > 140 MeV/CZ to reject K+ — 7T+T[g T e e

10 156 20 25 30 35 40

0 Momentum [GeV/c]

and Kt - nDe+v (md: m%>etey)
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Search for KT - t~ete?t

Ng = (2.14 + 0.07) x 1012

Signal acceptance: 4.98%

Expected background events in signal region:
0.16 + 0.03

Observed events: 0

Upper limit (90% CL):
BR(KT - n etet) <2.2x 10710
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"NA62

Search forK* » m~u*u™ &

I|T|'| T IIIIIII| IIII|'|T|'| IIII|'|T|| T TTTITT

Ng = (7.94 + 0.23) x 1011 10"

-2
107380 400 420 440 460 480 500 520
m(m ) [MeV/c?]

€ [ENA62 ~ Dam
%105_ K —=»a'nn
Acceptance: 9.81% = DG
. . . — 4 + P
Expected background events in signal region: o R, e
0.91 + 0.41 810° o

Observed events: 1 102

T IIII|T|'| T IIII|T|'| T IIIIIII| T IIIIIII| T TTTITT

Upper limit (90% CL):
BR(Kt »mn utu*t) <4.2x10"1

h.a.n-ﬂ'ln T"‘-ul II
460 480 500 520

m(r p*p*) [MeV/c?]
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Search for LNV: results

NAG2 (2017 data]

Kt ->netet 6.4 x 10710 2.2 x 10710
Kt ->nutut 8.6 x 10711 42 x 1071

x3 (2) improvement achieved in mee (ruu) channel

~ 1/3 of the total 2017-2018 statistics analyzed
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Conclusions

Broad physics program at NA62 to search for NP with kaons:

> Kt > ntvy
» one event observed in 2016 dataset, x10 statistics expected in 2017 sample

» Search for invisible vector bosons
> limits improved in the range 60 < m, < 110 MeV/c?

> Search for LNV in kaon decays K+ —» w~ [T+
» x3 (2) improvement achieved in mee (ruu) channel
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K™ — wtvv analysis: signal selection

‘%‘2 i ‘ - * 1 downstream track selection
= o P —— - 1t identification
v oL ‘ * Photon and multi-track rejection
signal regions &—' """""""""""""""""""""""""" 10°
' Kt - ntn®
ol i " S — i - A Selection performances;
- * a(T) ~0(100 ps)
s o © o(miyg) = 1_0‘3 GeV?/c*
- © €p0 = 3x 1078
2/ ! * €,+ = 107° with 64% m ID efficiency
050 50 30 40 50 60 70- 80 80 100

P. [GeV/c]
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Kt - vy analysis: KT - 7% (y) background

2 0.1 K* — m%(y) b (data driven)
£ 009 J e SME s Ve MO
X 0.08" [ |
g 007 I . S
S 0061 Data-driven background estimation
= bg .
% 005, 1 NP9, = 0.064 + 0007, & 0.006,y
0.04- f
0.03 1 event found in control regions (1.5 expected)
0.02)
0.01§ \ \ \ \ + \ \ \ \ | + \
"6 18 20 22 24 26 28 30 32 34

7t momentum [GeV/c]
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K* —» vy analysis: KT - u™v(y) background

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

—e— K" — u*v,(y) bg (data driven)
J —e— SMK* — mttvw (MC)

-

Data-driven background estimation

b
Nm‘/g(y) = 0.020 £ 0.0034¢4¢ = 0.0034,,5¢

N events R1+R2

I "—

N —

2 events found in control region (1.1 expected)

.
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K™ - wtvv analysis: K* - ttn~e*v background

0.12- 10
0.1
0.08
2 0.06
E 0.04

0.02
0-
—0.02- 101!
—0.04
—0.06
_0.08|w|w||w\||\\|||\\|

[ R B R R
15 20 25 30 35
7t momentum [GeV/c]

Background estimated with MonteCarlo simulation

[GeV¥c?]

[\H[Hw

}IH‘III|H

T

1

HWIIIIIH

b
NK;q4 = 0-018i8:8%£7}|stat T 0'00953/5’?
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400 M simulated events, 5 validation regions

Validation region | N Expected

15.5(4)

4.0(4) 2
3 3.2(3) 3
4 0.7(1) 1
5 1.2(1) 5
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K* — w*vv analysis: Upstream background

x10°
‘g e PNN data
* Decays along the beamline E 600 - 14
* Interactions in GTK3 P . 1”.71_ CHANTI 12
* Random tracks matched in GTK E : L [ dcceptange
= 200 10
3 |
4 oL LR 8
B B {
- ookl
;H-z{m:— 3 i 6
, , [ i I | Collimator
Several ways to reject this background: 400 I : 4
* K — m matching 600 Dipole i
* CHANTI - Box cut
_8““ ' I TR

—Bol] —61]0—40!]—200 [I znn 400 600 800
X, .ok (collimator) [mm]

Zvertex
* «Box cut»
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