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The NA62 Kaon experiment in
beam dump mode

Running from 2007, NAG62 is the latest of CERN's Kaon decay-in-flight

technique experiments (NA31, NA48), and dedicated to measurement of rare £

decays (in particular, K* - m+ vv)

In 2021, Be target removed from beam, and collimators were closed to act as a
beam dump. With magnets to swipe away halo muons, only neutrinos and

possible FIPs could reach fiducial volume.
1.4E17 PoT collected in 10 days.
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Search for dark photons in NA62

Opposite-charge electron or muon pairs in decay volume, for Ma < 700 MeV
Signal and control regions defined in a 2D plane of the two variables

* Distance of closest approach between output tracks and the beam path

* Longitudinal position of decay vertex i

60

CDA;,y [mm]
g
|

Zero candidates in near CR and in electron SR, but:
1 candidate found at the edge of the muon SR (0.025
BG events expected overall)
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Some improvements on previous limits
despite the unexpected event
More analysis ongoing on that dataset
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The future of the ECN3 area

The NA62 program will finish at the end of 2025. With the termination of the CNGS line, the
North Area will have an intensity upgrade, and two possibilities are open:

e Continue with the rare Kaon program, with some runs in beam-dump mode
* HIKE and SHADOWS detectors

* Build instead a dedicated Hidden Sector + neutrino detector
« SHIP

* The two options have been extensively discussed, and the SPSC will take a decision this
march, after having asked in December for more time and information
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HIKE for HS searches

- K*:1.2 10'3 protons on T10 per spill (4.8 sec)

Entremaet: Criwbmuter o :
v, Sl e Similar design to NA62
gl == Aims at precision measurement of
K" - mt+ vv
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FIP searched in:
kaon decays for HS particles below the K mass:
K+ - I+N, K+->x+X

beam-dump

all main portals
assume 5E19 PoT in dump mode over 4 years, with 2E13 PoT over 4.8s
HIKE searches complemented by a dedicated off-axis detector to search for HS in beam

dump mode: SHADOW
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The SHADOWS detector
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SHADOWSE SHADOWwWSH

Physics sensitivity: Light Dark Scalar mixing with the Higgs

(mediator of sub-GeV DM interacting with SM particles; candidate for relaxion mechanism, etc.) PhYSICS senszt1v1ty: ALPs with fermion COllpl]IlgS

Axions/ALPs in the MeV-GeV range are possible solution to the strong-CP problem
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Possible solution to the origin of the neutrino masses and matter-antimatter asymmetry

Muon coupling dominance: U*: U:U; = 0:1:0

Possible solution to the origin of the neutrino masses and matter-antimatter asymmetry
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The SHIP detector

SHIP is the result of a decade of optimisation to produce the best sensitivity to GeV-range FIP
Initially proposed to another beamline that will not be built, the proposal has been adapted to
ECNS3 with almost no loss of sensitivity

FIP searches in a background-free environment in decay mode and low BG in scattering mode

Decay signatures Scattering signatures

gl

Target tracker Upstream Background Surrounding Background Timing detector H
(SciFi) Nartem | Tagger (MRPC) e Tagger (LigSci) Trackee  (BoBa)
Emulsion target (Drift tubes/SciFi) {Stnf:uull (Straw tracker) e HCAL

(W + emulsion ﬂﬁciﬂnrmanm]
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Background control in SHIP

Active muon shield with Normal Conducting or NC/SuperConducting
magnets reduce rate to 70 or 10 kHz in tracker

Target *
Protons s
rotons

Magnetisation c-f/
1adron absorber |

Muon combinatorial Muon DIS Neutrino DIS

Residual flux of muons and neutrinos dominated by combinatorics.
Using data-driven techniques, BG can be reduced to < 1 event for 6E20 PoT (15 years)

Background source Expected events
Neutrino DIS < 0.1 (fullv)/< 0.3(partially)
Muon DIS (factorisation)® < 5 x 1072 (fully) / = 0.2(partially)
Muon combinatorial (1321 1078 — _ S : :
—_— ] |- E>|GeV | Beam -IILI:l'lFl g E=[GeV | CC DIS interactions
Neutrino interactions in the SND (very S E-AIE A - S
similar to current SND@LHC experiment) Ne| 90 26x10% | 54 8.8 101
Wil lead to high-precision neutrino : o - i
measurements Np 9.6 27 x 108 | 74 6.1 = 104
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SHIP sensitivity to benchmarks
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Large detector, large decay length: MATHUSLA

Multi-layer tracker
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The Forward Physics Facllity

* Currently, two small experiments are located in service tunnels symmetrically

on the line of collision 480m from ATLAS: FASER and SND@LHC

Next-generation forward LHC experlments will need more space

A comprehensive site selection study by the CERN Civil E
identified<an ideal location ~600'm westOf ATLAS.

hittps:/fods.cern.ch/record/2851823 i

| FF'F core h y
& sample lo
Y study site

1 complatad

The site is on CERN land in France :;::tfo:z

The cavern is 65 m-long, 9 m-widerhigh neutrino detector
. Shielded from ATLAS by 200m of rock

Disconnected from LHC tunnel

Vibration, safety studies: can construct FPF
without disrupting LHC operations
Radiation studies: can work in FPF while
LHC is running (HL-LHC starts 2029)

B gecioay, TK FASER2 FASERV2
just B4 N magnetized spectrometer emulsion-based
\ for BSM searches neutrino detector

neutrino detector

FORMOSA
plastic scintillator array
for BSM searches
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FPF experimental program
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Neutrino program: AdvSND, FASER v2, FLArE

* AdvSND will use silicon trackers instead ~ Top View
. . . lil _ Hadron Calorimeter Magnet Iron Core Magnet
of emulsions to work at high lumi. Could ]
also be placed in different locations

On-axis tungsten/emulsion detector

— Scaled up version of FASERv

— 40 cm x 40 cm x 6.6 m, 20 ton tungsten target
— Intrinsic position resolution ~50 nm

FASER v2, scaled up version of FASERYv, on axis heavy
emulsion detector

FLArE: 10 ton LAr TPC for neutrino
and dark matter detection

jo ~FPF Crease hy
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FASER?2

* On-axis magnetic spectrometer

— Superconducting magnet with 4 Tm
bending power

— Trackers based on LHCb's SciFi detector

« FASER - FASER2
- R=10cm,L=15m(V=0.05m%)=>3mx1
m x 10 m (V = 30 m3)
— Luminosity ~ 30 fb-' = 3 ab™
— Sensitivity increases over current bounds by
~60,000 for many models

Upstream
tracker

¢d3Sv4
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Direct DM detection

Light DM with masses at the GeV scale and

below is famously hard to detect.

— Galactic halo velocity ~ 103 ¢, so kinetic
energy ~ keV or below.

At the LHC, we can produce DM at high
energies, look for the resulting DM to
scatter in FLArE, Forward Liquid Argon
Experiment, a proposed 10 to 100 tonne
LArTPC.

mesans, rem, .. > & > 1y < pe =+ - EM shower

LY

OM production DM scattering

FLArE is powerful in the region
favored/allowed by thermal freezeout.
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FPF Hldden Sector searches

» FPF detectors have significant w u
discovery potential for a wide variety \\‘ Tt """“ il
of BSM/LLP models: dark photons; B- \‘ vr o However for
L and related gauge bosons; dark Nt 0] @\Q ! some
Higgs bosons; HNLs with couplings to e ﬂ\ benchmarks
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Conclusions

* The popularity of Hidden Sector models has lead to a large variety of
experimental proposals to explore the available phase space

» Two main approaches are: high intensities

 SPS ECNS3 area, soon free due to the end of the NA62 program, and with
intensity upgrade (decision in a few weeks between HIKE/SHADOWS and
SHIP))

* High energy

* Neutrinos and HS candidates from the LHC:
* Currently, FASER and SND@LHC experiments located in small service tunnels

* Possible 2" generation experiments close to the surface (MATHUSLA) or in a
dedicated underground Forward Physics Facility
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