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SHD@LHC and FASER

Emulsion scanning at CERN
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LHC forward experiments
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LHC forward particles production

HNL, y, A, ALP ...

Forward beam

Small angle (large 11 )
Majority of cross section

Most of LHC experiments

large angle (small 1)
Small cross section

The LHC experiments (CMS, ATLAS, LHCb) focused high P; and low cross section events (~ fb to pb)
- No new physics yet.

Most of highest energy particles are in the forward region and low P; (~ 100 mb).
- No detectors in the forward direction (beam pipe).

The SND@LHC experiment is newly proposed to study the forward produced particles
in the unexplored regions of energy (100 GeV - TeV) and pseudo-rapidity.
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Neutrinos at the LHC

SND@LHC
100 g7 v U T

* LHC is a unique facility which
can create huge numbers of
high-energy neutrinos.
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SND@LHC
detector

SciFi planes Upstream Downstream
planes planes

ECC
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Vertex Detector Hadronic Calorimeter
& EM Calorimeter & Muon System

 Even small neutrino detector will be effective since neutrino
cross section increases with its energy
2ton @ 1 TeV ~ 200 ton @ 10 GeV




ECC-> Target (various elements) & Detector (3D precision tracker)

(Emulsion Cloud Chamber)

57 Emulsion films
N 78 rom /56 Tungsten plates

5 walls of ECC target ECC brick (41.5 kg)

5 ECC brick walls & 5 SciFi walls

e

4 bricks per a wall ECC brick wall installation



LHC beam exposure (2022-2026)
Operation in Run 3 to collect ~300 fb!

Integrated luminosity:

Delivered 217 fb1
Recorded 209 fb! (96.3%)

Recorded with emulsions Recorded with emulsions Recorded with emulsions
2023
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200 (88% with half-target) e
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DAQ RUN | TARGET ID
2022
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TARGET LABEL INSTALLATION EXTRACTION A TARGET MASS | LUMINOSITY

0 TARGET 0 RUNO 07-Apr-22 26-Jul-22 39kg 0.46 fb-'
4 TARGET 1 RUN1 26-Jul-22 13-Sep-22 807 kg 9.5 "
2 TARGET 2 RUN2 13-Sep-22 04-Nov-22 784 kg 20.0 o'
3 TARGET 3 RUN3 04-Nov-22 09-Dec-22 792kg 8.6
4 TARGET 4 RUN4 20-Mar-23 23-Jun-24 797 kg 21.2 -1
5 TARGET & RUNS 23-Jun-23 27-Jul-24 784 kg 10.7 fo!
241 TARGET 6 RUNB 20-Mar-24 06-May-24 797 kg 12.0 fb!
242 . - 06-May-24 27-May-24 dummy -
243 TARGET 7 RUNS 27-May-24 13-Jun-24 392 kg 73"
244 TARGET 8 RUN10 13-Jun-24 08-Jul-24 392 kg 10.1 fo!
245 TARGET 9 RUN11 08-Jul-24 24-Jul-24 392 kg 13.3 fp-!
246 TARGET 10 RUN12 24-Jul-24 05-Aug-24 392 kg 127"
247 TARGET 11 RUN13 05-Aug-24 06-Aug-24 392kg 157"
248 TARGET 12 RUN14 16-Aug-24 02-Sep-24 392 kg 15 -1
249 TARGET 13 RUN1S 02-Sep-24 13-Sep-24 392 kg 111"
2410 - - 13-Sep-24 01-Oct-24 dummy -
2411 TARGET 14 RUN16 01-Oct-24 21-Oct-24 392 kg 1.8 071
251 TARGET 15 RUN17 11-Mar-25 08-Jun-25 797 kg 14.2 b
262 TARGET 16 RUN18 06-Jun-25 797 kg in progress

ECC target #16 (July 2025)




[ LHC Schedule 2025 J ECC target install

by the h Boardon 4 ber 2024

2025

5 ECC targets will be exchanged.

Emulsion works at CERN
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Emulsion development facility at CERN

Stopper

Ultrasonic Developer

cleaner

- 10 walls assembled
- 2300 emulsion films installed (92 m2)
- 2300 emulsion films developed (92 m2)

- 2000 L disposed chemical solutions

Em Run #, Wall #,
Brick #, Plate #

Developed emulsion f|Ims



60 emulsion films
59 W layers

'/ Plate 1~60

Run 1,200 emulsion plates

each run (16 runs so far)
- Need labelling

Slavichi 1~20 to the plates




Labeling machine

Nagoya

Slavichi

fabricated by our group

Laser cutting



Conceptual change of Emulsion scanning Micro-track

3D image detector | = | precision tracker 1
Observation of event Full automatic record g Base-track
& tracks by microscope of all grains (raw data) 1

Volume-track

1

\ Event

Off-line analysis:
reconstruction of
tracks and events







Off-line analysis

Reconstructions of Tracks and Neutrino vertices using the Base-tracks
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All 3 flavors of neutrino scatterings and FIP scatterings
can be observed in the ECC.
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Tungsten plate Emulsion film
(192 x 192 mm?) (192 x 192 mm?)




Emulsion scanning at CERN

Emulsion scanning room
at CERN



Reconstructed tracks

Muon tracks
in 1 mm?2 area

10° tracks/cm?
in 10 fb-! exposure

Reconstructed vertex

Run1 W2 B1
N tracks 18
Mean IP (um) 5.831




N Tracks

Vertex reconstruction

x10%

Reconstructed
neutrino-like vertex

Reconstructed
muon DIS-like vertex
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SND@LHC - SND@LHC

N Tracks

o, =02um

P - = i =
1 15 2 -0.015 -0.01 -0.005 0

Ax [um]

Excellent tracking resolution achieved

0.01

0.015
ATX [rad]

v, CC candidate event

XY overlap all beam-like segments used for tracking

42000 44000 46000 48000

Electromagnetic shower search based on
high density spots (base-tracks, segments)



First direct observation of Collider Neutrinos !

v, candidates (1u): 32 events
v. or NC candidates (Op): 9 events
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ATLAS 1P
The SNDALHC experiment aims to perform measurements of high energy neutrinos (350

GeV-10 TeV) with the forward pseudo-rapidity region (7.2 < 7 < 8.4) not accessible to other LHC

experiments so far, and also to search for feebly interacting particles produced in pp col

at the LHC. To do so, we us target and tracking detector, wher

© of Nuclear emulsion films and T
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Nuclear emuls
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Observation of Collider Muon Neutrinos with the SND@LHC Experiment
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‘We report the direct observation of muon neutrino interactions with the SND@LHC detector at the Large
Hadron Collider. A dataset of proton-proton collisions at /5 = 13.6 TeV collected by SND@LHC in 2022
is used, corresponding to an integrated luminosity of 36.8 fb!. The search is based on information from
the active electronic components of the SND@LHC detector, which covers the pseudorapidity region of
7.2 < n < 8.4, inaccessible to the other experiments at the collider. Muon neutrino candidates are identified
through their charged-current interaction topology, with a track propagating through the entire length of the
muon detector. After selection cuts, 8 v, interaction candidate events remain with an estimated background
of 0.086 events, yielding a significance of about 7 standard deviations for the observed v, signal.
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First collider neutrinos detected

Since their discovery 67 years ago, neu-
trinos from a range of sources - solar,
atmospheric, reactor, geological, accel-
erator and astrophysical - have provided
ever more powerful probes of nature.
Although neutrinos are also produced
abundantlyin colliders, untilnownoneu-
trinos produced in such a way had been
detected, their presence inferred instead
via missing energy and momentum.
Anew LHC experiment called FASER,
which entered operations at the start
of Run 3 last year, has changed this
picture with the first observation of

> background of 0.2, with an evaluation

of systematic uncertainties ongoing.
Covering energies between a few
hundred GeV and several TeV, FASER
and SND@LHC narrow the gap between
fixed-targetand astrophysical neutrinos.
One of the unexplored physics topics to
which they will contribute is the study of
high-energy neutrinos from astrophysi-
cal sources. Since the production mecha-
nismand energy of neutrinos at the LHC
is similar to that of very-high-energy
neutrinos from cosmic-ray collisions
with the atmosphere, FASER and SND@

“APS  joumals +  PhysicsMagazine  APS News

VIEWPOINT

The Dawn of Collider Neutrino Physics

Elizabeth Worcester
Brookhaven National Laboratory, Upton, New York, US

July 19, 2023 « P

The first observation of neutrinos produced at a particle collider opens a new field of study and offers ways to
test the limits of the standard model.

collider neutrinos. Announcing theresult New source Acandidate high-energyelectron neutrinocharged- LHC canbe used to precisely estimate this
on 19 March at the Rencontres de Mori-  currentinteractionrecorded by FASERv, withthe electronshower ~ background. Another application is to
ond, and in a paper submitted to Physical  (leftofthe image) balanced by several charged particletracks (right). measureand compare the production rate

Review Letters on 24 March, the FASER
collaboration reconstructed 153 candi-
date muon neutrino and antineutrino
interactions in its spectrometer with a
significance of 16 standard deviations
above the background-only hypothesis.
Being consistent with the characteristics
expected from neutrino interactions in
terms of secondary-particle production
and spatial distribution, the results imply
the observation of both neutrinos and
antineutrinos withan incident neutrino
energy significantly above 200GeV. In
addition, an ongoing analysis of data
from an emulsion/tungsten subdetec-
tor called FASERv revealed a first elec-
tron-neutrino interaction candidate
(see image above).

“FASER has directly observed the
interactions of neutrinos produced at

a collider for the first time,” explains
co-spokesperson Jamie Boyd of CERN.
“This result shows the detector worked
perfectly in 2022 and opens the door
formany important future studies with
high-energy neutrinos at the LHC.”
Theextreme luminosity of proton-pro-
ton collisions at the LHC producesalarge
neutrino flux in the forward direction,
with energies leading to cross-sections
high enough for neutrinos tobe detected
using a compact apparatus. FASER is one
of twonew forward experiments situated
at either side of LHC Point 1 todetect neu-
trinos produced in proton-proton colli-
sions in ATLAS. The other, SND@LHC,
alsoreported its first results at Moriond.
The team found eight muon-neutrino
candidate events against an expected

of all three types of neutrinos, providing
animportant test of the Standard Model.

Beyond neutrinos, the two exper-
iments open new searches for feebly
interacting particles and other new
physics. In a separate analysis, FASER
presented first results from a search
for dark photons decaying to an elec-
tron-positron pair. No events were seen
in an almost background-free analysis,
yielding new constraints on dark pho-
tons with couplings of 10 to 10 and
masses of between 10 and 100 MeV, in a
region of parameter space motivated by
dark matter.

Further reading

FASER Collab. 2023 arXiv:2303.14185.
FASER Collab. 2023 CERN-FASER-CONF-
2023-001.

a5, map data |l 2020; CUEM; adapted by A5/ Alan Stonebraker

Figure 1: The Forward Search Experiment (FASER] is installed in a service tunnel that connects the Large
Hadron Collider (LHC) and the Super Proton Synchrotron (SPS). Proton collisions at the ATLAS
experiment’s interaction point (red star) generate beams of neutrinos (dashed red lines) that escape
along a tangent to the LHC.



SND@HL-LHC

Proposed for the High-Luminosity LHC era (Run 4)

Approved by CERN RB
on 11 June 2025.




Physics goal

e SND@HL-LHC expects a high event rate of all 3 neutrino flavors
— LFU (Lepton Flavour Universality) test

* High-energy V. from charm decays enable studies of

forward charm production in pp collisions
— probing the gluon PDF at Bjorken X below 10~>.

* High-statistics cross-section measurements.



SND@HL-LHC
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SND@HL-LHC Detector Silicon instead of Emulsion

Magnetised Calorimeter

Neutrino Target Magnetised Calorimeter
58x Silicon trackers 34x Silicon trackers
Veto 58x Tungsten layers 34x Iron slabs

3x Scintillator
trackers
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Charm-tagged neutrinos

e Neutrinos originate in charm production at ATLAS
~500 events (around 10%) expected

e A charm-tagged neutrino sample would allow
for clean flavour ratio measurements

Trigger

X [em]
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Search for Hidden Pariicles I

Search for Hidden Particles



Explore the unexplored parameter space
Standard Model
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Mass

«  New physics is either too heavy or interacts very feebly,
l.e. much weaker than neutrino.

« The SHIP is a new experiment at the intensity frontier aimed at exploring
the hidden sector (low mass, very small coupling).
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Hidden Sector

54
Intensity Frontier {{{

SHiP is a new experiment at the intensity frontier aimed at exploring the hidden sector.

SHIP sets a new course in

intensity-frontier exploration iy is e spip o

SHIP Callaboration

particle ID ——

hidden-sector
decay volume

spectrometer

target/hadron
absorber

|

| v, detector

muon-sweeping
magnets

Overview of the SHiP experimental set-up. The typical signature
of a hidden particle decay is also shown, in this case a heavy
neutral lepton decaying to a muon and a pion.

constrained by previous experiments, and the reach of current
experiments is limited by both luminosity and acceptance. Hence
the search for low-mass BSM physics should also be pursued at the
intensity frontier, along with expanding the energy frontier.
~—~=d.ta.give access to a large class of interesting
ie major observational puz-

Cs pmgramme bsmology, and can explore

' (Searc - o ticles) S a newly have now observed all the partlclesottl S
SHIP (Search TOII Hidden iait |ILJS;|b ane '|‘V itis clear that it is not the ultimate thec 0 tlmeb’ and attraCtive? jal “bottom line”. SHiP also
ronon<ed expe fa) 0 \|'s er P i i i i veu . . B
proposed expermentfor CERNS Suer Profon eleseremtions e o s amber st o s - Javouruniversality by com-
S*--'HCWOTFOH c.\c"n|e[ ator |J[S Cha| CHE“”EJ so-called beyond-the-Standard Model (BSM) problems, such as paring interactions of muon and tau neutrinos.
rloa\‘? |HLJ|U[ J[h d IFL,Ct seq rlnh for |1i[:d0n dark matter, neutrino masses and oscillations, baryon asymmetry,

and the expansion of the universe.

non-Standard Mode pa['J[ cles. While these phenomena are well-established observationally,

they give no indication about the energy scale of the new physics.
The analysis of new LHC data collected at V' =13 TeV will soon
A Golutvin, Imperial College London/CERN, and R Jacobsson, CERN, on have directly probcd the TeV scale for new parncles W 1th cou-

SPS: the ideal machine

SHiP is a new type of intensity-frontier experiment motivated by
the possibility to search for any type of neutral hidden particle with
mass from sub-GeV up to O(10) GeV with super-weak couplings



Search for a broad range of FIPs: Tau neutrinos & Anti Tau neutrinos
* HNLs (Heavy Neutral Leptons)

e Dark photons Decay channel Vs . v, 3
* Dark Scalar Higgs-like particles T 4 x 10° 3 ;< 10r
e ALPs (Axion-like particles) T—h 27 x 103
* Unprecedented measurements T — 3h 11 x 103
of Tau neutrinos T € 8 x 10
total 53 x 10°

Hidden particles (FIPs)

Physics model

Final state

SUSY neutralino
Dark photons
Dark scalars

ALP (fermion coupling)
HSDS ALP (gluon coupling)

Fa¥, (FKF, (Fpt (T v
0H0~ 27, 3w, 4w, KK, qq, DD
W, mr, KK, qq, DD,GG
00 3w, e, G

Wﬂ’}.‘? 3,',—‘—_. .'r.?ﬂ—ﬂ'. .'}.-nr.

HNL v, wl, pl, 7', qq'l

Axino (v

ALP (photon coupling) ¥y

SUSY sgoldstino vy, 010, 2w, 2K

LDM electron, proton, hadronic shower
SND  v,, 7, measurements T*

Neutrino-induced charm production (v, v,, v;)

D D* D° DO A+ A,




What is SND? Deteton o

. . tion Of
Scattering and Neutrino pete  rino & pecay
Detector

U s ST S particle ID
4 Pl
b 4 Decay spectrometer

.-
-
P
-
-
B i
-
-

SPS Decay volume HS DS
400 GeV = ~120 m length
proton ey Muon shield ‘
beam hadron absorber TT x 19 RPC x 12

(ECC brick+CES)

SHiP SND

ECC target: ~ 8 tons
2 x 2 bricks x 19 walls »
(80 x 80 cm? /fwall)

RPC : Muon ID, charge

Initial design




- ECN3 New SHiP SHiP at ECN3 was approved
Initial plan  —
site at ECN3 by CERN RB on 6 Mar 2024.

TT90-TCC9-ECNA
(EOI > DS study) 7~

NA62 in ECN3
: I

N m
@ CNGS
(OPERA) * Currently hosting NA62 (~150m)

* Existing infrastructure

\NANF(CHORUS)



NA62** , KLEVER @ K12
400 GeV p beam

up to 3x10™8 pot/year (now)
up to 10" pot/year (upgrade)

NA64* (e) @ H4
(100 GeV e- beam
up to 5x10'? eot/year)

SHiP, TauFV @ BDF
400 GeV p
up to 4x10™° pot/year

ECN3: New location
of SHiP

' CERN can provide the
highest energy proton,

" electron and muon beams
for fixed target experiments

' in the world.

The ”Hldden Sector Campus” (HSC)

Initial plan
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SHiP to chart hidden sector

3 May 2024

ventilation wall

hadron absorber _ access shaft
service building

access shaft

muon shield

scattering and neutrino
detector (SND) e

spectrometer

particle ID

Full speed ahead Layout of the SHiP experiment, with the target on the left
and the experiment in the ECN3 hall. Credit: SHiP collab.

“In terms of their science, SHiP and HIKE/SHADOWS were ranked
equally by the relevant scientific committees,” explains CERN
director for research and computing Joachim Mnich. “But a decision

Our competitors : HIKE & SHADOWS

NA62 Successor

SHADOWwSIE

Search for Hidden And Dark Objects With the SPS

had to be made, an( «p, ¢ 2 decision had to be made,
and SHiP was a strategic choice for CERN.”




The SHiP detector (New design)

-
__.'===.-=.-===.-===.-.-.=---._. .-.-‘.‘—"‘."T
: : S el e Access shaft
BDF service building T

Experiment service building

B ﬂadr’on ah_sorber

__Ergto;l_tar et =

i

Target complex

Muon shield

Scattering and Decay volume with
background taggers

Neutrino Detector (SND)

3 S_pectromEter ’ __.-. . N
Timing and
particle identification




New design of SHiP SND

- Less emulsion, including Si & Scintillators

Silicon Target Magnetized Tracking Calorimeter

Emulsion Target

magnetic field
v. & anti-v, separation

35m

magnetized

60 cm



SND inside Muon shield

Muon shield
(Special magnet)

40cm 132 cm 336cm



Sensitivities to various FIPs (Feebly Interacting Particles)

Dark photon
v ]
— SHIP

107"
-1 6 X 10 20 POT
1U_ﬁ" \I-v 1°_” .
b in 15 years
:;f 10°7
105 005 0.10 050 1
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0.5 1 5 10 0.010 _
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0.001
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- 104
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]
1: 1077
1,0—11_ »
i i L 1013 LDM scattering signature 1
0.5 1 2 5 Lom - |

0w 0 100 200 500
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LDM (Light dark matter)

" v BACKGROUND v DIS interaction
i -y
X i
~
e-
FLArE-100
BG, ve -> ve electron-recoil
100 = all v flavors
o | vedve g
w m— My = 5MeV, £=3x10°°
5
2 10 | {1 ~yxe>ye (@5Mev)
LDM
| ] . xe>xe (Mev
Brian Batell et al.
Y02 04 1 10 102100 10* arXiv:2101.10338v2
Eo (GeV)

LDM

Neutrino scattering

Detecting Dark Matter with Far-Forward
Emulsion and Liquid Argon Detectors

at the LHC




ECC as LDM detector

Single electron produced by
LDM particle scattering

In the background suppression against
V, interactions, the most powerful handle
is the isolation criterion: No extra-activity

e ;Ij;_;.;__j.'_wai-:::—:f:._

SRS

v, DIS event




SHiP schedule

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035

Accelerator schedule
LHC Run 3
SPS (North Area)

BDF / SHiP Vbesign and provotping 7 .
Miestones BDF TOR studies PRR W
Milesiones SHIP x TDR studies % PRR Gk W%

/

Approval for TDR

Facility /
commissioning
Experiment
commissioning
initial configuration

/

Facility TDR

submission Experiment TDRs

submission

~3 years for detector TDR from 2024
Construction / installation of detectors = LS3
Start data taking (during Run 4) > 2032 (~2 years before LS4)

— 15 years of Physics exploration
(6 x 10%° pot)



Ground-breaking for HI-ECN3 (BDF/SHiP) 13t May 2025

Photo G.P. Cnudde




SND@LHC Collaboration SHiP Collaboration

AVa
\/ \/

SHiP

Search for Hidden Particles

~250 scientific authors

18 member countri ia, Serbia, Sweden,
Switzerland, Turk

53 member institute fi aiso, stitute C agen, 2 A aris, Berlin, Bonn, Jilich, Humboldt
University Hamburg, Bari, Bologna, Cagliari, Ferrara, Lab. Naz. Gran Sasso, Frascati, Naples, Rome, Aichi, Kobe, Nagoya, Nihon,
Toho, G\eo ssang, Kodel, Leiden, LIP Culmbra Dubna, ITEP Moscow, INR Moscow, P.N. Lebedev Physical Institute Moscow,
Institute Mos National University of ce and Technology "MIS Moscow, IHEP Protvino, Pet: urg Nuclear Physi

Petersburg, Moscow Engineering Ph Institute, Skobeltsyn Institute of Nuclear Physics Moscow, Yandex School of Data Analysis
Belgrado, Stockholm, Uppsala, CERN, Geneva, EPFL Lausanne, Zurich, Middle East Technical Universi , Ankara Unive A
Impe al (ollegu London, University College London, Rutherford Appleton Laboratory, Bristol, Warwi 2 hevchenko National
/iv, Florida
ed institutes: Sungkyunkwan, Gwangju, Chonnam, St. Petersburg P

~150 members

24 Institutes in 14 Countries and CERN ~250 members

35 institutes and 5 associated institutes
18 countries and CERN



Collaboration of 38 Institutes from 15 Countries and CERN

Collaboration

SND@LHC
~“F Collaboration




SND@LHC | SND@HL-LHC SHiP
Vy,  ~1800 ~2.4 x 10* ~7%10°
Vo | ~625 ~5.5x 10° ~2x10°
V. ~30 ~4.5x 10 ~5x 10" ¢3500y0)
~300 fb™ ~3000 fb™ 6 X 10*° pot (15 yrs)
(7.2<n<84) (6.9<1<7.7)




Theoretical works
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Probing the mixing between sterile and tau neutrinos in
the SHiP experiment

Ki-Young Choi®,%" Sung Hyun Kim©,° Yeong Gyun Kim .7 Kang Young Lee®,*
Kyong Sei Lee ™,” Byung Do Park ©,° Jong Yoon Sohn,° Seong Moon Yoo 0"
and Chun Sil Yoon ¢
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Suwon 16419, Korea
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ApsTRACT: We study the expected sensitivity to the mixing between sterile and tau nentrinos
directly from the tau neutrino disappearance in the high-energy fixed target experiment. Here,
the beam energy is large enough to produce tau neutrinos at the target with large luminosity.
During their propagation to the detector, tan neutrinos may oscillate into sterile neutrinos.
By examining the energy spectrum of the observed tau neutrino events, we can probe the
mixing between sterile and tau neutrinos directly. In this paper, we consider Scattering and
Neutrino Detector (SND) at SHiP experiment as a showcase, which uses 400 GeV protons from
SPS at CERN, and expect to observe 7,300 tau and anti-tau neutrinos from the 2 x 102 POT
for 5 years operation. Assuming the uncertainty of 10%, we find the sensitivity |[/,4|* ~ 0.08
(90% CL) for Am3, ~ 500 eV? with 10% background to the signal. We also consider a far
SND at the end of the SHiP Hidden Sector Decay Spectrometer (HSDS), in which case the
sensitivity would be enhanced to [[;4]% ~ 0.02. Away from this mass, the sensitivity becomes
lower than |U,4]? ~ 0.15 for Am3; < 100 eV? or Am3, 2 10%V2.
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Abstract We propose a novel approach for discovering a
light dark photon in the forward experiments at the LHC,
including the SND@LHC and the FASER experiments.
Assuming the dark photon is lighter than twice the electron
mass and feebly interacts with ordinary matter, it is long-
lived enough to pass through 100m of rock in front of the
forward experiments and also through the detector targets.
However, some portion of them could be converted into an
electron-positron pair inside the detector through their inter-
action with the detector target, leaving an isolated electro-
magnetic shower as a clear new physics signature of the dark
photon. With copiously produced dark photons from neutral
pion decays in the forward region of the LHC, we expect
to observe sizable events inside the detector. Our estimation
shows that more than 10 signal events of the dark photon
could be observed in the range of kinetic mixing parameter,
6.2x1077 <e <2x10 ' and3x 1075 < e < 2x 107! for
dark photon mass m 4 < | MeV with integrated luminosities
of 150 fb~! and 3 ab™"', respectively.

1 Introduction

The ATLAS and CMS detectors at the Large Hadron Collider
(LHC) in CERN have been successfully operating and played
pivotal roles in discovering Higgs boson in 2012 [1,2]. While
these detectors are well-equipped at large angles relative to
the beamline and therefore capable of detecting new physics
with high transverse momentum pr, they have holes in the
far-forward direction. This limitation could potentially result
in missed opportunities to detect (new) particles produced in
the far-forward region.

To address this limitation, the FASER [3] and the
SND@LHC [4] experiments were designed to detect high-
energy neutrinos and explore new particles that are produced
in the far-forward direction at the LHC. These experiments
are located 480m downstream of the ATLAS interaction
point (IP) along the beam collision axis. Charged particles
from the IP are deflected by LHC magnets, while the remain-
ing particles are further shielded by the 100m of rock and
concrete in front of the detectors. However, neutrinos and
feebly interacting new particles would easily pass through
this shielding and reach the detectors.




>
Cﬁ}é‘) Summary e'i:

e SND@LHC measures neutrinos in the forward region of pp collisions SHiP

Search for Hidden Particles

- Forward charm production, lepton flavour universality, neutrino interactions, ...
e The experiment has recorded 209 fb! of data so far.
Observation of collider muon neutrinos (2023)

Observation of neutrinos without final state muons (2024)

e SND@HL-LHC detector will be instrumented with silicon strip modules and a magnetized

calorimeter to run in the HL-LHC era. SND@HL-LHC was Approved by CERN RB
on 11 June 2025.

e SHiP SND design is being optimized - less emulsion target, add Si detector

e Ground-breaking was started at ECN3 from May 2025.



We welcome anybody who is interested in
SND@LHC, SND@HL-LHC and SHiP.

We wish young people could participate
these future CERN neutrino experiments.
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Thank you!
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