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The NA62 experiment

~30 institutes, ~200 participants

NA62is a fixed-target experiment at
CERN SPS
Main goal: measure B(K* - ntvv) with
10% precision using nov el kaon-in-flight
technique
Current SM prediction:
B(Kt - ntvv) = (8.60 +0.42) x 10~11
[arXiv:2109.11032]
Experimental values:
B(K* - ntvv) = (17.37112) x 1071
E?49/E787 [Phys.Rev D 79, 092004
(2009)]

B(Kt - tvy)
= (10.634%4 +0.95y5) X 10711
NA62 [JHEPO6 (2021) 093]

Broader physics programme:

* Rare/forbidden kaon decays

« Searches for exotic particlesin kaon
decaysandinbeam dump mode
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https://arxiv.org/abs/2109.11032
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The NA62 experiment A

2015 — Commissioning run: ~1% of design
intensity, no beam tracker

2016 - Commissioning run + Physics run (30 \\ Spectrometer
days) —

2017 - Physics run (161 days) ¥ B—
2018 - Physics run (217 days)

£ 2019-2020- LS2
2021-now Physics run ongoing

et
LI

Triggers in beam dump:
Single frack: 1 hitin CHOD
(~14 kHz)

Two-track trigger: two hits
in CHOD (~18 kHz)
Control trigger: LKr-based
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Search motivation

« Searches for New Physics with fixed-target experiments are

complementary to energy frontier (LHC) and indirect searches
 Smaller masses (MeV-GeV) and lower couplings are accessible

Several New Physics models proposed for study:

Dark photon vector —(e/2cosOy,) F, B BC1-2 It17,2m,3m, 4w, 2K, 2K

(A')

Dark Higgs scalar (uS + AS?)H'H BC4-5 1*17,2m,4m, 2K

(S)

Axion/ALP(a) pseudoscalar (Cyy /N av,, VH BCO11 | yy, 1T, 2ny,3m,4m, 2mn, 2K
(Gy/M)auafytySs | BCIO

HNL (N;) fermion Fo (L H)N; BC6-8 nl, K1, 1,1,V
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Search moftivation s

« Searches for New Physics with fixed-target experiments are
complementary to energy frontier (LHC) and indirect searches

 Smaller masses (MeV-GeV) and lower couplings are accessible
Several New Physics models proposed for study:

Dark photon vector —(e/2cosby) F, BH*Y BC1-2 [717,2m, 3w, 41, 2K, 2Kn

(4")

Dark Higgs scalar (uS + AS?)HTH BC4-5 1¥17,2m,4m, 2K S5
(S) )
Axion/ALP(a) pseudoscalar (Cyy/N) an,I?P“’ BC?.11 | %1717, 2ny,3m,4m, 2, 2K™ 9__;

(Crr/N)duafyty>f | BCIO

HNL (N;) fermion Fo (L H)N; BC6-8 nl, K1, 1,1,V
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New physics searches at NA62

Numerous decay .
channels and production
mechanisms:

- A Bremss’rrahlung P -
A’y V - A'P, where
= {ﬂ MLV =
{p,
- S: BJ—“O - K+0.()g
— a: Primakoff (on-, off-
sheII mIXIﬂ90WITh P =
o) B
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New physics searches in leptonic decays

«  Numerous decay T
channels and production — A= narons
mechanisms:

- A" Bremss’rrohlung P — 5o
A’y V - A'P, where <

P={n’nn}V=
{p’ d)} 0.2}
— ¢ B0 5 g10(g
0873 0.2 0.4 0.6 0.8 1.0 1.2
— a: Primakoff (on-, off- ‘ ot
sheII m|xm9 WITh P = Y
_|_ 072 1] } B_'O In the massrange <700 MeV, A’

decay width is dominated by
lepton-antilepton final states
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The signal signature:

Lepton-antilepton vertexin the NA62 decay
region and pointing back to the proton beam
interaction point at the TAX.

Event selection:

10/04/2024

Reconstructed track quality

Track timing coincidence with the trigger
Muon/electron identification with calorimeter and
muon detector

In ee analysis: decay region & PID optimization
and no in-time activity in muon veto detector
MUV 3

No in-time activity at large angle vetodetectors
(LAV)and ANTIO in ee analysis to reduce possible
selection of vertices derived by inferaction of
incoming muons with the material in the LAVSs.
Signal region (SR) selection (new SR definition in
ee analysis)

CR and SR kept masked until
fhe analysis strategy is frozen

JHEP 09, 035 (2023
arXiv:2312.12055
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CDAax — closest distance of approach
between the beam direction at the TAX
entrance and p*u~ pair direction ogp, =

~7 mm

Liax — longitudinal position, g, = ~5.5m
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https://doi.org/10.1007/JHEP09(2023)035
https://doi.org/10.48550/arXiv.2312.12055

JHEP 09, 035 (2023

arXiv:2312.12055

Expected vield

A > ptuT

w107 e

— 2.3 events
Nexp = POT X y(pp =» A') X B(A" - pp) X Prg(€) X Agee X
Atrig

. POT = (1.40 + 0.28) x 107

. x(pp — A") - DP production probability I
1078
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«  B(4' - u) - branching fraction Ma [MeV/c?]

. P, (¢) - probability to reach NA62 decay region A > ete™
and decay therein w — T
10~44%, — 2.3 events l
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Background studies

« Combinatorial background:

—  Random superposition of
two uncorrelated “halo”
muons

— Dominantfor A’ -» u*u~
«  Prompt background:

— Secondaries of a muon
iInteraction with traversed
material

— Dominantforfor A’ - ete™

o
n o

S
~

Fraction of events / ns

JHEP 09, 035 (2023
arXiv:2312.12055
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Background studies
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Results on the DP searchesin A" - 171~
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1074 E A’ I, exp. +20 1[]‘7;— E| 10_— v
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E E
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: ] e A'>ete :N,,. =0
L E o —
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E E
1078 L Lol 1 1 T A | ]
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*The grey underlying exclusion is the one adapted by the PBC and taken fromDarkCast [JHEP06(2018)004]
Sev erallimits may differ from PBC and are taken by DarkCast team from [Phys. Rev. Lett. 126, n0.18, 181801 (2021)]
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Model-independent limits on a - u*u~ process

« Assumethat a is a pseudoscalar(scalar) particle [Phys. Lett. B 790 (2019) 537]
« Assume mass Mg, lifetime 1, and coupling to be independent parameters
- Set limitsin BR(B » K™a) x BR(a » u*u~) vst, parameter space for each

mass separately
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Model-independent limits on a - ete™ process v v

« Assumethat a is a pseudoscalar(scalar) particle [Phys. Lett. B 790 (2019) 537]
« Assume mass Mg, lifetime 1, and coupling to be independent parameters

- Set limitsin BR(B - K™a) X BR(a - e*e™) vs 1, parameter space for each
mass separately

I
IS

|
~
— T

M,=10 MeV/c? -

= M,=800 MeV/c? -
I NA62, 1.4 x 107 POT :

Log1o(BR(B - K(or K*)a) x BR(a = e*e™)), 90% CL

0 1 2 3 4 5 0 0 1 2 3 4 5 0 1 2 3 4 5
Logio(Ta) [ps] Logio(Ta) [ps] Log1o(Ta) [ps] Logio(Ta) [ps]

10/04/2024 Latest results for searches of exotic decays with NA62 in beam-dump mode


https://doi.org/10.1016/j.physletb.2019.01.064
https://doi.org/10.1007/JHEP09(2023)035
https://doi.org/10.48550/arXiv.2312.12055

New Physics searches in hadronic decays

* Numerous decay channels
and production mechanisms:

A" Bremsstrahlung, P - A'y,
V - A'P, where P =

01}V ={pw ¢}
S: B0 - g+0.()g
a: Primakoff (on-, off-shell),

mixing with P = {n% n,n"},
Bi’o_g)Ki,O’(*)a {m",n,n'}

e« All 36 combinations of
production and decay
channels studied

Tt to— W+W_7
a0 1t =0
7t~ 7970 | 7t 7070 | 7t 7070

W+W_ﬂ
KtK- KTK-
K+tK—70 KtK—7°
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Analysis strategy o
2 hadronic track selection: .
CR and SR kept masked until
- 2 good quality tracks in coincidence with the analysis strategy is frozen
each other and the trigger T 200 — —SigRal WiC: | €
. . = 180 :_ - { . ' A'(Bremsstrahlung)—r*x c
. BDT parficle ID selecting hadrons = ik : Producton: ¢, =10* &l 103 7
(calorimeters+MUV3), RICH used forkaon £ °F : rosduanide TS
| D <D( 140 E_ s e at". ecay in (rA.—.)w) 7 E
O 120F . | er ni i 2l B
«  Noin-time activity in LAV, SAV and ANTIO 100f i : - =
e ] N
80 § €
Search strategy: - , 1 G
60 Rt 10 3
-  Search neutral clusters in LKr and 40;.; -
reconstruct y, % n based on time and 20 A K .
opening angle . . 20 0 20 40 60 8 100 *
. Vertex reconstructed from final states is in Z [m]
TAX

the NA62 decay region and pointing
back to the proton beam interaction
point at the TAX.
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Signal efficiency and expected yiel&’ﬂ "

In model-independentcase X » n¥n™ (BRy_ +,- = 1):
Nexp(MXr [y) =POT x X(PP - X(Cref)) X Prg X Agee X Atrig

where x(pp = X(Crep)) is X production probability for reference coupling

;10_12 LI LI B B L 'B' mleslorln dlec:,JyIprlcdluclllr;n:lg;,;llD_l": 6 ; IElmlesianld;:;yIPr;::I:_lc.lialn —z — 30— T | T
1 BR(S 1 1-) = 1 10 8 Semtm- 10 NLJ i ?_r‘n decay product
QO 1 g-14 E 0 -14 S
210 — _ s £ 10 1028 B} 1
- 11 g - s 2 "
=16 | =16 = n L
10 'E 100 q": 10 10_4 % g: I Ll
g >3 et 10k et _
10-18 -i 10-3W 10-18 105 © i Lt 1
- N f Fo et . . 1
10-20 B 0y NAGZ Preliminaryill; o 10-20 g ill0-6 ol 1.1 NAG Preliminary]
0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0
Ms [GeV/c?] Ms [GeV/c?] Ms [GeV/c?]

Same distributions were obtained for all 36 combinations of production and
decay channels.
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Background studies

Background estimations made with MC:

« combinatorialand neutrino-induced backgrounds: negligible conftributions
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Background studies

Background estimations made with MC:

« combinatorialand neutrino-induced backgrounds: negligible conftributions

«  prompt background: inelasticinteraction of halo muons can produce

hadrons

Estimation using data-driven backward MC with
measured u halo + unfolding for correct

kinematics

MC size equivalentof POT = 1.53 x 107
(exceeding the datq)

nr outside CR (in ANTIO acceptance + no v etoes

applied):
Akma

AQWJ:

Channel

Nexp CR T 5Nexp CR

Nexp,SR . 6Nexp,SR

ata~

W+W_7
ata a0

atn 7070

w+ﬁ_n
= 1.8+ 1.4VsN,,s = 1 (Upstreamregion) | KTK~
0.20 £ 0.15 VSNyps = 1 (FV) Kt*K~n"

(5.77.%:%) x 107°
(1.7+° 4) x 107°
(1. 3+4 o) x 1077
(1. 6+7 %)y x 1078
(7. 3+27 9 x 1078
(4. 7+1° ) x 1077
(1. 6+3 2) x 107°

(5. 5+185”) x 1077
(1.6732) x 1077
(1. 2+4 3) x 1077
(1. 6+7 1) x 1078
(7. 0“‘3 2) x 1078
(4. 6+1“ 2y x 1077

3.8

(1.57%2) x 107°

After applying full selection the prompt
background expectationsin CR and SR are

below 10

10/04/2024

~4in all channels
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Background studies

Background estimations made with MC:

10/04/2024

combinatorialand neutrino-induced backgrounds: negligible contributions

prompt background: inelasticinteraction of halo muons can produce

hadrons

upstream background: formed by particles that are collected by the GTK

achromat

3 upstream background subcomponents observedin the

controlsample in the Z,rx — m,,; plane:

« 19inferactionsin the region upstreamthe FV

« 2K;- ntn~ candidates

- 8K' - ntntn~ candidates, 6 of which identified as
ntn-and2aswtnTy

upstreaminteractions vetoed by ANTIO acceptance and
v ertexlocation

for K¢ 30 window (£5.7 MeV /c?) around mg. kept masked

K*-induced background simulated using selected single
track K* forced to decay as Kt - ntrntn™ in the FV

_ x10°
E -
é 180 r \l, FV end x*m’(y) data control sample
>|;< B y events not vetoed by ANTIO
i —>
1401 1
1201 N .
- I[\FV beginning
100 L ¢ g% o P e o9
|_ Upstream region

PRI S I NS SR S TS ST S NN SN SO S SN NS ST S M ST S
8900 300 400 500 600 700 800

M .y IMeV/C?]

| Channel Nexp,CR + 6Nexp,CR | Nexp,SR + 5Nexp,SR |
atn~ 0.013 £ 0.007 0.007 £+ 0.005
aTr~~y | 0.031+0.016 0.007 + 0.004
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Total background estimation

Number of background events estimated at 68% CL

Channel | Nexp,cR & 0Nexp,CR | Nexp,SR = 0NexpSR | Nopoor | Nove SR4CR
T 0.013 & 0.007 0.007 & 0.005 3 4
rtnTy 0.031 +0.016 0.007 & 0.004 3 5
i (1.3+1 ) x 1077 (1257 3) x 1077 1 1
rtr— 70 (1. 6+ %) x 10-8 (1.6179) x 108 1 1
rtrn (7. 3+271°) x 1078 (7.072%%) x 1078 1 1
KtK- (4.773%7) x 1077 (4. 6+15 2) x 1077 1 2
KTtK-7% | (1. 6+3 3) x 1077 (1 5+3 3) x 1077 1 1

Background free hypothesisnot only at POT= 1.4 x 1017 but alsoin the future

full Run2 dataset of POT= 1018
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Results and inferpretation

¢l

Dark scalar ALP

m | ! ! ! ! ! ! ' ' . ~
NC 0—5_ — '_I|

] 12

-6 | < _ I

10 E "‘%10 EE_

: 10 F

10~7 3 BC4 90% CLUL 3 1077

Past experiments 3
NA62 S - hadrons: ]

108 ;_ —— observed 3 108 —
E — =lo 3 3
*20
100 NA62 Preliminaryy ~ 107°F , Mk
10T 10° 2x107!

My

T BC11 90% CL UL

Past experimentss
NA62 a »hadrons: 3
—— observed
— =*lo

+20

b

II\IA62 Preliminaryg

ms [GeV/c?]

0 events observedin all control and signal regions

10° 2 x 10°
m, [GeV/c?]

Combination of individual production and decay channels were made

with ALPINIST [JHEP 07 (2022) 094]

10/04/2024 Latest results for searches of exotic decays with NA62 in beam-dump mode


https://doi.org/10.1007/JHEP07(2022)094

Summary o

The preliminary result on search for production and decay of an exotic
particle from data collected by the NA62 experimentin beam-dump
mode has been presented

A cut-based counting experiment blind analysis to search for A" —

IQBIQ‘]ond X - hadrons have been performed on the data collectedin

With (1.4 + 0.28) x 10*” POT a 90% CL upper limits have been set,
exploring new regions of the parameterspace.

Searches for decays of exofic partficles to yy and semileptonic final
states, using the data collectedin 2021, are ongoing.

NA62 intends to take 1018 POT in beam dump in 2022-2025 with
interesting perspectiveson dark photons, ALPs, dark scalars and HNLs

A
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a — yy In beam dump (projections)

10/04/2024

107
1072
107
107

10 NuCal

Cpp/A [GeV)

—NAG2
——DUNE

SHiP

W CHARM

——DarkQuest
—SHADOWS

wa = ng =0 |

1 I

CH}H},I"A [GeV_l]

: NuCal
r W CHARM

F —NA62

- —DUNE
F—— DarkQuest

F —SHADOWS

- SHiP

q CBB= CQQ.:O

|

10~
107 1073

NuCal

C_r,l_r,u"fA [GGV_ ! ]

—NAG2
——DUNE

SHiP

1072

sl PR 10— Laan
107! 107 1073

W CHARM

—— DarkQuest
—SHADOWS

Cpp = ICWW =0|

Cye/A [GeV]

107? s
107 1073

1072

m, [GeV]

NuCal
B CHARM
—NAG2
—DUNE

e DarkQuest
—SHADOWS

SHiP

il P
1072

ng= CWW=C,lBB
T R i

vl L
107!

10~ »
107 1073

1072
m, [GeV]

Ay

[JHEPO7 (2022)094]

Latest results for searches of exotic decays with NA62 in beam-dump mode

8%


https://doi.org/10.1007/JHEP07%282022%29094

_'\.' ¢l
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