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NA62 experiment at CERN SPS

NAG62 timeline

v’ 2015: commissioning
(1% of the nominal
beam intensity 1)

" NA48/NA62: =

: i v 2016: commissioning +
{7 physics (40% I,)

v' 2017: physics (60% 1)

v' 2018: physics (60% 1)

Kaon decay in flight experiments. NAG62 future
NA62: ~200 participants. ~ 30 institutes
= 2021-2022: approved
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NA62 experiment

Main goal: 10% precision

measurement of

BR (K* — 1" vV)
E f
> 2]
1 -
Target KTAG GTK
0 | i rj l:j-ﬂl=

Technique:

K* decays in flight

NAG62 collaboration, JINST 12 (2017) P0O5025
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Primary beam:

100

« p =400 GeV SPS protons
» 1012 protons/effective second
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Secondary beam:

- p = /5 GeV positive, unseparated
- Total rate: 750 MHz

« K" rate: 45 MHz
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NA62 detectors: trackers

 Beam and secondary LAV RICH MUV
particle tracking Large angle photon vetoes| |RICH u/zID| | u veto
OPAL lead glass 1 atm Ne Fe/scint
P,
s CHANTI - h [|
KIAC Charged | | | || ||
Differential Cerenkov| |veto | I | | |
for K" ID in beam
\ Fiducial volume ~60m
£ . oy e
|:|—'—|IE| I i
N Hlm“J / . 5 MHz K* decays

Beam tracking | | | | |
Si pixels, 3 stations d_u | | ||

v GIGATRACKER

L -

g, < 200 ps ag
. . .. Dipole spectrometer Forward y veto
- Kinematic rejection of 104 for 4 Etraw—ggﬁker stations| [N A::; LKr
K* — ptvand K- — o'z’ decays STRAW K
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NA62 detectors vetoes

* Hermetic photon RICH MUV
vetoes Large angle photon vetoes RICH u/7 ID} | u veto
OPAL lead glass 1 atm Ne Fe/scint
CHANTI - 8 S | b
rAS Charged jﬂ I 1y
Differential Cerenkov| |veto | I | I |
for £ ID in beam
veto
\ Fiducial volume ~60m -
£ . _JE’“HFEU B ey 10fmbar L L1 IRC Al
- T T e I N I e B
N -E‘HL“EJ o / . 5 MHz k* decays T
yvetnl
Beam tracking | | | | | SAC
Si pixels, 3 stations | | | | || __

v GIGATRACKER

« Photon veto rejection of 108
for z° from K+ — 7*7° with
E(7") > 40 GeV

|

L

e

Dipole spectrometer

4 straw-tracker stations NA48 LKr

Forward y veto

STRAW

LKr

0 20 100
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NA62 detectors PID

+ Beam and secondary RICH Muv
particle identification Large angle photon vetoes| |RICH u/z1D] | u veto
OPAL lead glass 1 atm Ne Fe/scint
* Muon vetoes
e g, ~ 100 ps l
CHANTI . h [|
KTAG 0,<100 ps Charged ||

Differential Cerenkov| yeip
for £ ID in beam \

£. = m e e

< -EHlEEJ 0

Beam tracking

||I|Ijﬂ

Fiducial volume ~60m
1{}-‘3 mbar

Si pixels, 3 stations
v GIGATRACKER

» u vs & rejection of 107 for

IIIIIM

N

"

Dipole spectrometer

Forward y veto

15 <p(r") <35 GeV 4 straw-tracker stations| |NA48 LKr
STRAW LKr
0 50 100 150 200 250 m
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FCNC processes

Weak interactions:

u C |
» Quarks are organized in doublets ( ,) , ( ,) , ( ,)
d L \S/L b L

» Weak current: quarks are rotated by a unitary matrix V (CKM matrix)

d’ Vud Vus Vul::- d
" =1 Vea Ves Voo S
b’ Via Vis Vin J\ b

: gW v 5
_;é"u — —:% Vud uy‘”% [ — )d

» Quark flavor changes in charge currents \ |
d Vg oy
42

» FCNC (flavor changing neutral current) processes are allowed at loop level
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K—nvv In SM

2 modes: charged, neutral SM one-loop diagrams: box and penguins

» FCNC loop process
» Theoretically clean
» CKM suppression: BR~ V¥, V,!2

Hadronic matrix element extracted
from well-known decay K*—e*vn®

2 2
BR(K* — ™ vv) =i, (I'“ ‘“"X(xt)) + (RE At y(xy) + e A PC(X)) (14 Agy)

" \

: 2
0. — Im 4, EM radiative
BR(K LT 1"") = KL 25 X(xt) charm correction
contribution
AN = V \ Top contribution
y VL;SV J e V:j,(_ (dominant) SM branching ratios
C - cs ' C N _
W= Vivy . E s BREK'SwW) = (84+1.0)x 10

- BR(K°—n%vv) = (3.4+0.6 ) x 10

[Buras et al. JHEP 1511 (2015) 33]
Error budget for BR(SM) ...11.2018 @9

Xg Emé/m%;
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K—rvv In New Physics

Searches for NP in K—nvv:

» High masses and sizable couplings to SM

LFU violation

» Constraints from existing measurements 5 .l
T
LS
> Best constraints: from charged and neutral mode y
U Custodial Randall-Sundrum  [Blanke et al., JHEP 0903 (2009) 108] b ol
Q Simplified 2’ [Buras, Buttazzo, Knegjens, JHEP 11(2015) 166]
Q LFU violation [Isidori et al., Eur. Phys. J. C (2017) 77: 618] R R
Randall-Sundrum 7’ (5 TeV) in constrained MFV
2.x10710 ———— » 2 (5TeV) - Consbrained MV

1.5x107"° =

3 : =
L: [ E\ 6k

T 1.x107°) =

<

= T .l
(o'a] - 4

-11 5

5510 o
M af

3 {ex, LMz} @20
(&M, AMp @ 20

AT b sptp @ 20 (1503.06100) |]

0 5.x107" 1.x1071°1.5%x107°2.x1071°2.5%x 1071°3.x 1071°

Br(K*-ntvy)

L L L L L
4 [ 5 10 12 14

BR(K* — whwd) [1071]
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K—nvv In experimental physics

K*—n'vv
E949 experiment @ BNL

BR(K* - ntvv) = (1.73%132) x 10710

— _Illlll\II|IIII|II\I|IIII|III\|IIII|IIII TTTT IIII_

E b E787/E949 :

Q L I This analysis i

D 40 [ A E949-PNNI 3
& [ VE787-PNN2
o L @ E787-PNN1
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Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79,
092004 (2009)

Technique: stopped kaons
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K%—nvv
KOTO experiment @ JPARC

BR(K;, — n%vv) < 3.0 x 10° @ 90% CL
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Talk @ ICHEP-2018,
analysis of the 2015 data
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Find out more on December 3rd!

IOP
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NA62: analysis of 2016 data

2
Mupiss

m2 ;.. (Straw, GTK) = (P,+ — Pg+)?, m+ hypothesis

m?,_. [GeVZic?]
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SES and backgrounds

Process

Expected events in R1+R2

K+ — 7w (SM)

0.267 = 0.0015¢0¢ £+ 0.0204ys: = 0.032.4¢

Total Background

0.15 4+ 0.09,.., + 0.01,,.

K+t — ntn9(y) IB
Kt — utv(y) IB
Kt - atn—etv
Kt s>atata

Upstream Background

Signal acceptance : 4 %

0.064 =+ 0.007 50 = 0.006,,;
0.020 =+ 0.0034¢a; = 0.003,y;
0.0181 0077 | stat = 0.0095y;

0.002 =+ 0.0015¢0¢ £ 0.002y

= N+0.090

Number of kaon decays in the fiducial volume : N, = 1.21(2) x 10"

SES = (3.15 -

® V.Duk, University of Birmingham

- 0.01 5401 £ 0.244,4) - 10719
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Results and prospects

Event in the RICH
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Upper limit setting (Rolke-Lopez method):
» Poissonian signal
» Gaussian background

—

2016 data

BR(Kt — 7mtuvp) <11 x 1071Y @ 90% CL

BR(K' — 7"vp) <14 x 1071 @ 95% CL

Prospects for 2017-2018 data sample:

= ~20 SM events
= Improved background rejection

® V.Duk, University of Birmingham
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New Physics and hidden sector

New Physics searches at NA62

Y 4 Y

High masses & sizable couplings to SM Low masses & feeble couplings to SM
(short-lived) (long-lived) ‘ hidden sectors
Indirect effects in loops (e.g. K'—n*wv) New particle searches
mode | pdcion |ty e
. - Kaon decays  fiducial FV or Standard
this talk volume (FV)  fly away (K-decays)
Parasitic target FV Dilepton
Beam-dump  collimator FV Dilepton,
diphoton

Cu collimator

/ (22 )"lnt) KTAG
] —EH E:Eﬂ [l _______l_—___ﬂ "“"fl:_F
7 B fed T TR
Be target (1 2,
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Hidden sector searches at NA62

Neutrino portal:
mixing with v

Vector portal:
Mixing with vy

Scalar portal:
Mixing with H

® V.Duk, University of Birmingham
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Hidden sector searches at NA62

Neutrino portal:
Search for heavy neutral lepton N in K'—p™ N

Vector portal:
Search for dark photon A" in K*— n* 7, n° — v A’

Scalar portal:
Search for inflaton/sgoldstino Sin K*¥ - a*S,S — pf

® V.Duk, University of Birmingham 14.11.2018 @18



Heavy neutral leptons (HNL): motivation

Three major tensions in SM:
J Neutrino oscillations

1 Dark Matter

J Baryon asymmetry of the Universe

SM extension resolving all 3 problems: vMSM

» 3 heavy neutral leptons (heavy neutrinos) N;, N,, Nj

» m;~10 keV (DM candidate)
» m,, m;~1GeV (BAU, neutrino oscillations)

[Asaka et al., PLB 620 (2005) 17]

Heavy neutrino searches in kaon decays:
> Kinetic mixing between SM neutrinos and N
» Production search in K* - 1" N (KI2); l=e, u

» m(N)<myg —m,

» Signature: peak in m?

B(KT - (TN) =

® V.Duk, University of Birmingham

= (Px - Pl)z

miss

B(K™ — (7v) - pe(mn)

' I‘ Upa|?

/

Mixing matrix element

n g -
AN Rothee g
g [ [%B
TALS
tman L6 T Wia £ 77 G
T o
SM decays

« BR(Ku2) ~0.64
= BR(Ke2) ~1.6*107
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HNL search at NA62

u —w— Dala
Data sample: s | ——
r |:| STV e vy
— 2015, NK~3*1O8 400__ E:_ ::".' ::DpdECE].Y:I
. . C K avly
* Low intensity B -
= Beam tracker (GTK) not used o
200~
K*—e* N (1767 candidates) 100c
Normalization: K*—e* v :
. © 9 0 0 0.05 0.1 0.15 0.2
Mass scan region: 170-448 MeV/c M, [GeVere )|
1075 ~— ban
- [T K vy (E <10 MeV)
mE'E"" ..... %K' ity (E > 10 MeV)
. E K= vy} {upsiream
K*— p* N (24M candidates) I3 | e
o o + + 10 :E [ other K dacays
Normalization: K*— p*v, - | :
.”}4; ......................................
Mass scan region: 250-373 MeV/c? o
-
1'}2_ ....................................
10
TTThos 0 005 01 015
1198 Gevc?
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Heavy neutrino search in 2015 data

Rolke-Lopez method used to find upper limits on number of signal events
* Heavy neutrino mass step: 1 I\/Iue&\f’/a::2
* Search window size for each mass hypothesis: = 1.5 o (mn)

Kt - e*N Kt - u*tN

w250 : : : : : : 21 cI | | == Expected events: N_ +3N__|
5 i i i | i | I LA N ——— N
¢ - I i7]—— Observed events: N

e 5 ; 5 : -S| 8L Expected UL (90% CL)
A L N [ TN -9 Observed UL (90% CL)

s L i = = = e [ ! ! ! !

E [ S AR
3 5[0 RS S S S, S —

1“:":]__.__.__ ....................................................... :

: : : ] . L St s, st st | .
SOt 1Y % T Y
D_IIIIIIIIiIIIIiIIIIiIIIIiIIIIi IIiIIIiIIIilllilllilllill

200 250 300 350 400 450 260 280 300 320 340 380
HNL mass hypothesis [MeV./c®] HNL mass hypothesis [MeV/c?]
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-5
d 10 - KEK (1984) NA62-2007
° K' N, K'—e*N (2017)
o K'—pn*N
3]
Nm 1 . . ~ NI - | ‘LU N |
v 10°E
o [ \TRIUMF (1992)
- N
S .
3 I
=)

Upper limits on | U, |2
iy, # B(K* - {*N) = R :ﬂf; ~ # Ul = i[(ﬂjiﬁ)) Xp{;ﬁw)

107 -Vl hw-d vy
C This result
N K'=u*N, K'—e*N
10° e
- PIENU (2017) E?'m {me
- m*—e*N K'—u'N
10'9II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

50 100 150 200 250 300 350 400 450
HNL mass [MeV/c?]
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First NA62
physics result !

[PLB 778 (2018) 137]

Prospects for 2016-2018 data:
= Better resolution (GTK)
= Much higher statistics

~10%on |U_,|?

Expected limits:
P ~10%on |U ,,/?
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Hidden sector searches at NA62

Neutrino portal:
Search for heavy neutral lepton N in K*—p™ N

Vector portal:
Search for dark photon A’ in K*— n* 7, n° — v A’

Scalar portal:
Search for inflaton/sgoldstino Sin K*¥ - a*S,S — pf
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Dark photons

Models with dark photons (DP):

= Can explain (g-2) anomaly

= DPis a mediator between DM and SM particles
= DP can be light (MeV - GeV)

= DP feebly interacts with y (kinetic mixing)

Dark photon searches at NA62:
Visible . 0 , ,
mode "~ Decay searches in n° —»y A’, A’—e* e~ NA48/2: Phys Lett B 746 (2015), p. 178-185

1 : + + 0 0 s
Invisible <‘Product10n searches in K*—#a* ¥ , 1% —»y A

mode
» Production searches in K—xnt A’ )
This talk
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Dark photon search at NA62

Decay channel: K*—z* 7% , 70 — y A’
Normalization: K *—zn* r°
Data: 4% of 2016, Ny ~1.5*101°

Main variable: 1

M2, = (Px—P,—P,)"

Miss

Analysis principle:
Look for peaks in M?
Scan over m(A)

miss

® V.Duk, University of Birmingham

018

BR (7" — A'v) = 2¢° (1 -

2 3
m_;, ) x BR (7" — 17)

My

E_II[l]r[]lIllII]|||||f||[||1]||1||||||

Data K*—a*a® =
(one y removed)

—0.015

P T [ T B R (e g -

—0.01

—0.005

MC:

- m, = 60 MeV
-m, =90 MeV
- my = 120 MeV

0.008 0.01 0.015 0.02

Mzmiss [Gevz/ C4]
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Dark photon search at NA62

ny. ) BR(ny) s €

2

3
BR (7" — A'y) = 2¢° (1 — m;) x BR (7" = v7)

. -0

1{]"'_
- Limit if ———
A Nobs = Nbkg
-Iﬂ-a'!-_
| Limit found
- 1-s limit band NAG2
Preliminary
10! 1 L L TR SR N N

® V.Duk, University of Birmingham

M, (MeV)

" (g-2) + 5o

BAaBAr 2007

favaored
10°F
L (-2 NAG2
L NAG2
Preliminary
1“—‘ i i "l L|,|]. AR | g4l .
107 10°? 10" 1 10
M, (Gev) |

No signal observed
Limits for m=30 to 105 MeV
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Hidden sector searches at NA62

Neutrino portal:
Search for heavy neutral lepton N in K*—p™ N

Vector portal:
Search for dark photon A" in K*— n* 7, n° — v A’

Scalar portal:
Search for inflaton/sgoldstino Sin K*¥- a*S,S — pufp

® V.Duk, University of Birmingham
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Search for a new scalar in K'—»7t*S (S—u*u)

Light inflaton model:

* Inflaton X is a new scalar

» 3 parameters in the model, 2 free

* Inflaton production: B and K decays are governed
by the same parameters

* Inflaton decays to SM particles

Experimental limits (inflaton search):
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Cosmological constraints

1 2

[ arXiv:0612.07818 ]

Region accessible in K*—m*S, S — u*u:
02 ~4*107 (m~270-300 MeV)

® V.Duk, University of Birmingham

Low energy SUSY models:

Sgoldstinos P (pseudoscalar) and S
(scalar) are superpartners of goldstino

No strict limits on the mass and lifetime
Sgoldstino production: K and )’ decays
are driven by the same coupling constants
P and S can be light and decay to SM

particles

Experimental limits (sgoldstino search):

O

Hyperon decays: |X* — pP° PY — putpu~
HyperCP, LHCb | arxivihep-ex/0501014] [ arXiv:1712.08606 ]
KL decays: K — n%7%X0 — 72070+~
kTeV [ arXiv:1105.4800 ]
K* decays: | kK*—z+S, S — utuw
NA48/2 [ arXiv:1612.04723 |
14.11.2018 @28



Search for a new scalar at NA62 in K'—»mt*S (S—p* )

NAG62 prospects:

> O(10'?) K decays in 2016-2017

» Almost background free for long-lived particles
» Acceptance O(1)% for long-lived particles

Analysis principles:
» Displaced vertex approach: K-7t (primary), p-u (secondary)

* Main kinematical variables: Dz=Z7_,_—Z ... and My = M(rtuu)

prim
* Main backgrounds: K*—»n"u*p~ and K—n*n"n followed by two  —pv,
« Signal region: 484 < Mk <504 MeV, Dz >0

* Normalization: K'»zn*p*p~ in 484 <My <504 MeV, Dz<0

® V.Duk, University of Birmingham 14.11.2018 @29



Search for a new scalar at NA62 in K'—»7t*S (S—p* u)

M(mtpp) vs Dz, data
S ea0l—
= 5401 NAG62 unofficial
s [
520_—
- signal region (blinded)
. SO
ormalization [, = N(bkeg) <1
= L -/.z ] 8
K+ ST — 460:'{
—Tp b

K—mup (blue) and signal (red) m=280 MeV, t=2 ns

10 20 30 40 50

Dz [m]

Kt-a'nrrnt

L5 e,
Hvy

® V.Duk, University of Birmingham

60 70 80

g NA62 unofficial
%10—10

i
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10"
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1012

10"

10M
| I L | L1l I Ll
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N(bkg) <1
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Search for a new scalar at NA62 in K*—m*S (S—u* u)

SES =1/ (N*Acc)

unofficial

NA62 SES 2Dfp.0t

® V.Duk, University of Birmingham

2016+2017(part) data sample

= Nk ~5.6*101
= SES: from 0.7*10719 to 5*10-10
= Best limits;: m~240 MeV

Large t: acc~ t'!
Large m: 7 at rest (K*—n*5),
low acceptance

Small m: parallel muons, bad
secondary vertex
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Conclusions

v NAG62 first physics result published [PLB 778 (2018) 137]
v First results on K*— n* v v, paper in preparation

v" Good prospects for hidden sector searches with 2016-2018 data

Neutrino portal :

O Limits on |U_, |2 from K*—e* N @ 10°to 10-7 (170-448 MeV/c?)
U Limits on |U,,,|? from K*—p* N @ 10° to 10~ 7 (250-373 MeV/c?)
2015 data: published

d 2016 data: analysis in progress

Vector portal :
A limits on € from K*—a* 7% , n® -y A’@ 1073 to 10+
d 2016 data: analysis in progress

Scalar portal :

O SES~10— ' for long-lived scalars in K*— 7n*S, S — p*u-
O 2016-2017 data: analysis in progress
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Spare
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Dark photon: parasitic mode

Search for 4’ produced in target or dump with decay to e¢fe- or u*u~in FV
+ Meson decays: From primary beam secondaries, e.g., pN — X7% 70 — 74’
« Bremsstrahlung from primary beam: pN — X4’

Sensitivity estimate assumes:

- 1078 pot on Be target

 Production in meson decays
and bremsstrahlung

« Reconstruction of both e ¢
and i~ channels

« 90% CL exclusion in zero-
background assumption

Sensitivity estimate does not
include contributions from:

« 4'from QCD processes
« 4'produced in TAX

Data from 2016-2017 runs
« 3 x 1077 pot with wu trigger
+ 5 x 10" pot with ee trigger

® V.Duk, University of Birmingham
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Dark scalar: parasitic mode

Dark sector coupled to Higgs by
new singlet scalar field §

Expansion of the field A around
VEV v gives mixing of physical
h and S with parameter 8

Lscalar = Lsm + Lps — (;”S + )\SE)HTH

W
Los = SYX + .. 0= ——

T.”Lh - Tﬂrs

NAG62 estimated sensitivity for 10'® pot

Sensitivity estimate assumes: > LHCh & Belle | LUX &
—d4 i *.." [ ot Super CDNVE

- 10'8 pot on Be target -E i | A | & ' _'

» Reconstruction of 2-track final . e $
states (ee, yu, mr, KK) with 10 =
vertex pointing back to TAX: | | L. N foiun e

S produced most efficiently 10°°f
by decays of B-mesons from
interactions in TAX 1071

- 90% CL exclusion in zero- N

background assumption 1012
Data from 2016-2017 runs DM never thermalizes through mixing

» 3 x 10" pot with uu trigger 17 . - | .

. 16 - i 10 107 10 1 10
5 x 1016 pot with ee trigger m [GeV]

® V.Duk, University of Birmingham 14.11.2018 @35



Axions: beam-dump mode

Light pseudoscalar ALP may act as a mediator between SM and dark matter

~ a ~ dua dua
Loxion = Lsm + Lps + — ;:r/F;u.a T J—TI'G,urfGyu Z 'En'?,u.'}""f& + = z A Y5495
4f 4fe Ja 3
NA62 can explore ALP masses in the MeV-GeV range
Focus on pseudoscalar ALPs whose dominant interaction is with photons:

* Dedicated running in beam dump mode (TAX closed)
» Primakoff (yy fusion) production from interaction in TAX with a — yy decay

» ALP produced at low p, — good acceptance even |f detector far frcm productlcn point

Sensitivity estimate assumes: '
- 108 pot on closed TAX
» 90% CL exclusion in zero-

NA62 estimated
sensitivity for

background assumption 's 107 1078 pot
Significant results obtainable
with only 1 day of data taking 107
(1.3 x 107¢ pot) '
« Analysis of 2017 data in 107
progress:

5 x 1015 pot in dump mode 1077

10-= 3 e o 107
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HNL: dump mode

L, may include mass terms for one or - _ .
more HNLs N (Dirac or Majorana) L = Lsv + Lps + Z For (Ln-H )N I

Ns mix with v, , 5 to give v, , . + RH “sterile” N
neutrinos Va = > 1 Uar Ny

Search for N produced in TAX with decays to two-track final states:
» Assume 1018 pot on closed TAX
» Reconstruct two-track final states, including open channels
» 90% CL exclusion in zero-background assumption
» Derive sensitivity for coupling scenarios in Shaposhnikov & Gorbunov 0705.1729v2

N .
S0 I
- 2 |
vy
" .ﬂ":l
4o ~ i'..- .i:-.__ - " pry "‘—-i e,
o “*f-ﬁj NAG62 estimated sensitivity for 108 pot L
L] - = . ~ .
0 1 10 107 10" 1 10 10° I‘I‘l,."[GﬂV]
) ) B . m, [GeV] [GeV]
U2:U2:U2 =52:1:0 ™ U2:02:U2, = 1:16:3.8 ™ U2,:U2,:U2, = 0.061:1:4.3
Normal hierarchy of active v masses Normal hierarchy of active v masses Normal hierarchy of active v masses

Data from 2016-2017 runs: 1077 pot with zu trigger; few 1076 pot with ze trigger
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