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Overview

• Motivation for far detectors
• The ForwArd Search ExpeRiment

– Pilot run & first candidate neutrinos 
– Detector installation and commissioning
– Physics prospects for Run-III and beyond

• Scattering and Neutrino Detector @LHC
– SND@LHC complementary to FASERn

• The milliQan experiment
– Searching for milli-charged particles

• Future proposals:
– ANUBIS, CODEX-b, FORMOSA, Mathusla, 

FASER2…
– Forward Physics facility
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Why place a tiny detector 

0.5 km away from the 

collision point?

https://www.symmetrymagazine.org/article/a-tiny-new-experiment-at-the-lhc
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Motivation for far detectors
• An alternative search strategy for BSM Physics:

– Heavy (TeV scale), strongly interacting new particles are sought by their high pT decays in the 
established detectors at LHC, albeit with relatively low production rates.

– Light (MeV to GeV), feebly-interacting and long lived particles, however, currently evade detection 
along the beam axis, despite the enormous inelastic cross section:
• ~75mb => 1.1 x 1016 collisions with 150 fb-1 at 13 TeV, giving high meson production rates.

– By plugging the gap in the far-forward region we can be potentially sensitive to very weak couplings!

• Low pT blind spot from inelastic collisions:
– Highly boosted new particles produced in pion or B meson decays are well collimated:

– At 500m downstream the transverse spread is 10cm – 1m

à only need small, inexpensive far-detector(s)

I. INTRODUCTION

For decades, the leading examples of new physics targets at particle colliders were particles
with TeV-scale masses and O(1) couplings to the standard model (SM). More recently,
however, there is a growing and complementary interest in new particles that are much
lighter and more weakly coupled [1]. Among their many motivations, such particles may
yield dark matter with the correct thermal relic density and resolve outstanding discrepancies
between theory and low-energy experiments [2–4]. Perhaps most importantly, new particles
that are light and weakly coupled can be discovered by relatively inexpensive, small, and fast
experiments with potentially revolutionary implications for particle physics and cosmology.

If new particles are light and very weakly coupled, the focus at the LHC on particle
searches at high transverse momentum (pT ) may be completely misguided. In contrast
to TeV-scale particles, which are produced more or less isotropically, light particles with
masses in the MeV to GeV range are dominantly produced at low pT ⇠ 100 MeV � GeV.
In addition, because the new particles are extremely weakly coupled, very large SM event
rates are required to discover the rare new physics events. These rates are available, not at
high pT , but at low pT : at the 13 TeV LHC, the total inelastic pp scattering cross section
is �inel(13 TeV) ⇡ 75 mb [5, 6], with most of it in the very forward direction. In upcoming
runs at 14 TeV, where the inelastic cross section is very similar, we expect

Ninel ⇡ 1.1⇥ 1016 (2.2⇥ 1017) (1)

inelastic pp scattering events for an integrated luminosity of 150 fb�1 at LHC Run 3 (3 ab�1

at the HL-LHC). Even extremely weakly-coupled new particles may therefore be produced
in su�cient numbers in the very forward region. Given their weak coupling to the SM, such
particles are typically long-lived and travel a macroscopic distance before decaying back
into SM particles. Moreover, such particles may be highly collimated. For example, new
particles that are produced in pion or B meson decays are typically produced within angles
of ✓ ⇠ ⇤QCD/E or mB/E of the beam collision axis, where E is the energy of the particle.
For E ⇠ TeV, this implies that even ⇠ 500 m downstream, such particles have only spread
out ⇠ 10 cm� 1 m in the transverse plane. A small and inexpensive detector placed in the
very forward region may therefore be capable of extremely sensitive searches.

FASER [7], the ForwArd Search ExpeRiment, is specifically designed to take advantage
of this opportunity. An ideal location exists in TI181, an existing and unused side tunnel
that is 480 m downstream from the ATLAS interaction point (IP). We propose that FASER
be installed along the beam collision axis in TI18 in Long Shutdown 2 (LS2) from 2019-20
in time to collect data in Run 3 from 2021-23. With an active volume of only 0.16 m3,
FASER will complement the LHC’s existing physics program, with remarkable sensitivity to
dark photons, axion-like particles, and other proposed particles. In the following sections,
we discuss FASER’s location and discovery potential, the detector’s layout and components,
backgrounds, and the experiment’s preliminary cost estimate, funding, and timeline.

1 Note added: Since this document was prepared, additional measurements made by the CERN survey

team during LHC Technical Stop 2 in September 2018 have shown that tunnel TI12 on the other side of

LHC interaction point IP1 will more easily accommodate the detector with the dimensions presented here.

TI12 is the same distance from IP1 as TI18 and the expected signal and backgrounds are very similar.

FASER is now expected to be located in TI12.
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The FASER experiment

• FASER LOI, TP reviewed by LHCC
• Approved by CERN in Mar. 2019
• Funded by the Heising-Simons Foundation 

and the Simons Foundation with support 
from CERN

• FASER installation planned in 2020
– Data-taking in Run3 (2021-2023) (150 fb-1)
– Decay volume: R = 10 cm and L = 1.5 m

• FASER2 (possible future upgrade)
– Data-taking at the HL-LHC (3 ab-1)
– Decay volume: R = 1 m and L = 5 m

5

Dark photon sensitivity reach

In addition to searches for new particles, we also 
aim to study high-energy neutrinos of all flavors
No one has ever detected neutrinos at the LHC

Motivation 1: LLPs, e.g. Dark Photons
• Astrophysical observations motive terrestrial searches for 

long lived DM particles at LHC, e.g. Dark Sector mediator:
– U(1) extensions give rise to a new gauge boson of mass mA’ that 

couples weakly to SM fermions

– If mA’ < 2 mc : A’ can only decay to SM and becomes long lived.

– Loop suppressed A’ production is more than compensated by the huge 
meson rate in TeV inelastic collisions: is LHC a Dark Photon factory?

LLPS in DM and Portals.

Small Coupling: Dark Photon Portal

SM Sector Dark Sector
Mediator

Simple Example: Light Dark Matter charged under U(1)

if mA’< 2mX: A’ can only decay to SM and becomes long-lived
Γ(A’→ee) ~ ε2mA’   

cτ ~ 10cm for ε~10-5 and mA’~100 MeV

Characteristic e+e-, µ+µ- decay signatures:
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Motivation 2: First detection of collider-produced neutrinos

• Incredible rates of forward neutrinos are expected at LHC:

8Laurie Nevay, 32nd Recontres de Blois, 20th October 2021
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Expected Neutrino Spectrum

• Incredible forward rates
• Highly collimated !

- O (10 cm) beam size
- ~ TeV in all flavours

• For 150fb-1 in Run III:

Eur. Phys. J. C80 (2020) no.1, 61
arXiv: 2105.08270

– High energy (TeV) neutrino flux is 
concentrated in far-forward region

– Aim at cross-section measurements of 
different flavours in an unexplored 
energy range.

– For 150 fb-1 in Run-III

FASER Collaboration: 2105.08270 FASER Collaboration: Eur. Phys. J. C80 (2020) no.1, 61
8Laurie Nevay, 32nd Recontres de Blois, 20th October 2021
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Expected Neutrino Spectrum

• Incredible forward rates
• Highly collimated !

- O (10 cm) beam size
- ~ TeV in all flavours

• For 150fb-1 in Run III:

Eur. Phys. J. C80 (2020) no.1, 61
arXiv: 2105.08270

https://arxiv.org/abs/2105.08270
https://doi.org/10.1140/epjc/s10052-020-7631-5
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The ForwAard Search ExpeRiment

• The FASER experiment is installed 480m from IP1, directly 
in the line-of-sight and low pT blind spot of ATLAS.
– The detector is housed in a disused side-tunnel, TI12, just after 

the start of the LHC dipole arc.

– Most charged particle backgrounds are swept aside by the 

accelerator lattice magnets, while LLPs and neutrinos reach FASER.

– ~100m of rock provides additional shielding.

4Laurie Nevay, 32nd Recontres de Blois, 20th October 2021
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FASER Collaboration
77 collaborators, 21 institutions, 9 countries

FASER

Lake Louise Winter Institute, 9-15 Feb. 2020

The FASER experiment @ the LHC 
- searching where no one looked before -

Kristof Schmieden, on behalf of the FASER collaboration 

FORWARD SEARCH EXPERIMENT  
AT THE LHC

Felix Kling Looking forward to new Physics with FASER 

Summary and Outlook

34

FASER
 - newest experiment at the LHC
 - quick, small and inexpensive  
 - funded and approved 

Envisioned Timeline
 - build/install FASER in LS2 (2019-20) 
 - take data during Run 3 (2021-23, 150 fb-1)
 - upgrade to FASER 2 in LS3 for HL-LHC  
Physics:  
 - search for light long-lived particles at LHC  
 - neutrino measurements at TeV energies 
 - and more unexplored opportunities …  

For more information, see 
   https://twiki.cern.ch/twiki/bin/view/FASER/WebHome

 We look forward to feedback and suggestions         

Many thanks to the Heising-
Simons Foundation, the 

Simons Foundation, and to 
CERN for invaluable support
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https://faser.web.cern.ch/

Generously funded by:

77 collaborators, 21 institutes, 9 countries

5Laurie Nevay, 32nd Recontres de Blois, 20th October 2021

FASER
⌫

<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫

<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫

<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

⌫<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit> ⌫
<latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit><latexit sha1_base64="f8m+0QE2PoJPFiWPCwy3+9wDPGE="></latexit>

Layout

• FASER is ~ 480 m from IP1
- accelerator bends away
- TI12 side-tunnel available

• In line-of-sight of IP
- through ~100 m of rock / tunnel

LHC LHC

SPS SPS
IP1 / ATLAS

TI12 / FASER

TI18 / PILOT

N
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The phases of FASER
• FASER Pilot

– Test run in 2018, 12.2 fb-1 recorded: 30 kg Pb/W emulsion detector
– First collider neutrino candidates and background measurement

• FASER  – new particle searches
– Approved in March 2019 and installed by March 2021 in TI12
– Ready for data-taking in Run III, from 2022 (>150 fb-1)
– Decay volume: R=0.1 m and L = 1.5m

FASERn – first neutrino measurements
– Approved Dec 2019 for Run-III & funded by HSF, ERC, JSPS and Mitsubishi Foundation.

– 25 x 30 cm2, 1.1 t tungsten / emulsion detector, interface silicon tracker, and veto 

station placed in front of the main FASER spectrometer.

• FASER2
– Potential upgrade for the HL-LHC era (3 ab-1)
– Decay volume: R=1 m and L = 5m

Pilot run in 2018 (LHC Run-2)

• Aims: charged particle flux measurement and neutrino detection

• We performed measurements in the tunnels TI18 and TI12, 480 m from the ATLAS IP.

• For neutrino detection, a 30 kg emulsion detector was installed in TI18 and 12.2 fb-1 data was collected.
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https://arxiv.org/abs/2001.03073
https://cds.cern.ch/record/2702868?ln=en
https://arxiv.org/abs/1812.09139
https://cds.cern.ch/record/2702868?ln=en
http://cds.cern.ch/record/2651328
https://arxiv.org/abs/1811.10243
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.095011
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-7631-5
https://arxiv.org/abs/2105.06197
https://journals.aps.org/prd/accepted/e2074Y32R5318e87e16321f586791bfd3f70aa520
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FASER Pilot run

– 2 halves: Pb (1mm x 100 layers) + W Blank (0.5mm x 120 layers).
– 12.2 fb-1 data collected in 1.5 months during Sep/Oct 2018. 
– Neutral hadron background arises from muon decays in rock.
– BDT discriminates signal and background using 5 input variables.
– 18 neutral vertices were identified in a 11kg target mass; 6.1 

signal events (2.7s) obtained from the fit, while              expected.
Ø Detection of first neutrino interaction candidates at the LHC.

Pilot run in 2018 (LHC Run-2)

• Aims: charged particle flux measurement and neutrino detection

• We performed measurements in the tunnels TI18 and TI12, 480 m from the ATLAS IP.

• For neutrino detection, a 30 kg emulsion detector was installed in TI18 and 12.2 fb-1 data was collected.

9

TI12

FASER/FASER𝜈

TI18

FASER𝜈
pilot run

500 μm

beam axis

10 cm

~30 kg detector

Neutrino interaction candidates

10

First neutrino interaction candidates 
at the LHC, arXiv:2105.06197
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Pilot Detector Analysis

• Use BDT to discriminate signal and 
background with the 5 input variables

• To validate the MC modelling of BDT input 
variables, charged vertices from muons 
and hadrons are checked

• 18 neutral vertices identified: 6.1 signal 
events (2.7σ) are obtained from the fit, 
while 3.3!".$%&'.( are expected. 

• This result demonstrates detection of 
neutrinos at the LHC

• Muons from interactions of the true neutrino events cannot be identified
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First Neutrino Interaction Candidates

• Initial data and analysis
• arXiv: 2105.06197 

FASER Collaboration: 2105.06197

• Run II data recorded by pilot detector in TI18 tunnel, symmetric to FASER location.Results

• Analyzed target mass 11 kg

• 18 neutral vertices were selected 
– by applying # of charged particle ≥ 5, etc.
– Expected signal 3.3−0.9+1.7 events, BG 11.0 events

• In the BDT analysis, an excess of neutrino signal is observed. 
Statistical significance 2.7𝜎 from null hypothesis

• This result demonstrates detection of neutrinos at the LHC.
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Best fit (no 𝑁𝐵𝐺 constraint)

First neutrino interaction candidates 
at the LHC, arXiv:2105.06197

We are currently preparing for data taking in LHC Run-3. 
With a deeper detector and lepton identification capability, FASER𝜈 will perform better than this pilot detector.

accepted in PRD

https://arxiv.org/abs/2105.06197
https://journals.aps.org/prd/accepted/e2074Y32R5318e87e16321f586791bfd3f70aa520
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Background Studies

• Want to understand backgrounds (i.e. muons) 
and also model propagation and decays for 
systematics studies

• Full "detector" model made of the accelerator in 
Geant4 from IP1

- using Beam Delivery Simulation (BDSIM) accelerator 
modelling software

- correct "optical" tracking of accelerator beam and for all 
particles

- can simulate the various magnet settings during the run 
such as beam crossing-angle and divergence (from collision "*) -> luminosity levelling

• Study significant differences seen in event 
generators

• Understand contribution from secondary showers
- this grows off-axis from 0 angle

• Study possibility of permanent-magnet sweeper 
upstream to reduce muon background further 
over a larger area

Neutral absorber
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Accelerator Modelling

• The majority of muons come from < 150 m and 
along the beam line axis
• Many interesting 'sources' to be understood 

including the TAN and collimators

TI18 pilot detector plane simulated #-
distribution per p-p collision at 6.5 TeV

LHC accelerator
TI18 tunnel

'shadow' of 
machine in flux

FASER pilot 
detector location

ATLAS interface plane

all energies; all Y

• A full Geant4 model from IP1 to the FASER detector (pilot shown here) developed in BDSIM

Model of accelerator components 

with magnetic fields for particle 

tracking, and material interactions.

– Aim to understand propagation of the signal through accelerator 
optics, assess contributions from secondary showers, and identify 
the source of backgrounds:
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FASER detector layout and installation
• Combined FASER and FASERn detectors prepared for Run-III

– Rapid development possible thanks to spares donated by ATLAS and LHCb
– 20cm aperture, 1.5m long magnetised decay volume + 2x 1m spectrometer magnets
– 4 x 3-plane tracker stations, each plane using 8 ATLAS SCT modules
– Scintillator veto of charged particles
– Calorimeter donated by LHCb

Preparation for Run-3

16

TI12 area

Digging trench 
to be on LOS

FASER!
location

FASER spectrometer
with 0.55T magnets

Calorimeter

Trans. of FASER!
over LHC pipe

FASER"
installation

Spectrometer with 
0.55T magnets

Calorimeter

from
IP1

from
IP1

FASERn
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Detector commissioning prior to installation

• Si strip tracker stations
– Surface cosmic studies 

achieved 25µm resolution 
with simple corrections

Tracker FASER

• reusing spare Si strip detector (SCT) modules from ATLAS
• each module thoroughly tested to ensure good quality
• 3 tracker stations with 3 layers each of 8 modules
⇒ 72 modules and O(105) channels in total
⇒ additional interface tracker for FASERν in testing

• on surface studies with cosmic muons achieved 25 µm
resolution using simple corrections

• low number of defect strips (< 0.1%) and gain/noise
performance as expected

• main 3 tracker stations installed in TI12 and further
testing in progress

Tracker Stations
Expected: 55mV/fC
Observed 54mV/fC

4

Tracker FASER

• reusing spare Si strip detector (SCT) modules from ATLAS
• each module thoroughly tested to ensure good quality
• 3 tracker stations with 3 layers each of 8 modules
⇒ 72 modules and O(105) channels in total
⇒ additional interface tracker for FASERν in testing

• on surface studies with cosmic muons achieved 25 µm
resolution using simple corrections

• low number of defect strips (< 0.1%) and gain/noise
performance as expected

• main 3 tracker stations installed in TI12 and further
testing in progress

Tracker Stations
Expected: 55mV/fC
Observed 54mV/fC

4

Oct 2020: assembly and system test in Prévessin

Nov 2020 begin installation in TI12

Completed by March 2021, CERN Courier:
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In situ commissioning: first cosmics + tracks from LHC events!

• During automatic alignment of the LHC 
collimators on 27th October 2021: 
– Trigger rate increase in FASER; observed 

500 events.
– Lower energy events show track curvature 

in magnetic field.

First cosmic rays measured by FASER  in TI12

Event displays thanks to Brian Petersen

& Jamie Boyd

Commissioning data recorded from 12 days of 

beam operations in the LHC, 20 Oct  – 1 November:

FASER Preliminary
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FASERn physics potential

Funded by the Heising-Simons Foundation, ERC, JSPS and the Mitsubishi Foundation. 

All neutrino flavours can be distinguished

• Muons identified by track length (8lint) and charge in FASER spectrometer
• Neutrino energy with ANN by combining topological and kinematical variables

Aim for cross-section measurements 
in an unexplored energy regime.

FASER Collaboration: Eur. Phys. J. C80 (2020) no.1, 61

https://doi.org/10.1140/epjc/s10052-020-7631-5
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THE DETECTOR LAYOUT

Veto plane for 
charged 
particles in front 
of the target 
region 

Timing upstream for 
the muon filtering 

Timing downstream, 
double X-Y planes with 
higher granularity for 
muon-hadron 
separation 

Emulsion Cloud 
Chamber, emulsion 
and W absorbers for 
micrometric accuracy 
in the detection of τ 
and FIPs, EM shower 
energy measurement.  

SciFi with timing, provide 
time stamp to emulsion, 
records TOF information of 
events in the target region, 
track matching with ECCs. 
EM shower measurement 
as sampling calorimeter 
every �10 X0. 

Muon system – 
hadronic 
calorimeter 8 λ, 
sampling every λ, 
with target region 
�10 λ. 

Detector optimized to detect !e, !", !# 

!	

~17

Collision axis

‣ Angular acceptance: 7.2< ! < 8.6 
‣ Target material: Tungsten 
‣ Target mass: 830 kg 
‣ Surface: 390x390 mm2

mm

Off axis location

Electromagnetic calorimeter 
~40 X0

Hadronic calorimeter 
~10 λ

Scattering and Neutrino Detector at LHC

• Off-axis location
– Probes region: 

– Tungsten target in cold box

– Passive iron in muon system 

Muon system
Emulsion+ SciFy

target tracker

Veto

from
IP1

Location: TI18

I TI18 is a former service tunnel connecting
SPS to LEP

I Symmetric to TI12, where FASER is located

I 480 m from ATLAS interaction point

I Well shielded with ⇠ 100 m of rock

3 / 19

• A standalone experiment to probe neutrino production at the LHC in the forward direction
– Approved 17 March 2021 by CERN.
– 24 institutes from 13 countries
– To be installed in TI18 tunnel (symmetric to FASER)Detector Layout

I O↵-axis location
! Allow to probe region of 7.2 < ⌘ < 8.6

I Veto system, target tracker (emu+scifi), muon
system

I Target material: tungsten

I Passive muon materia:l Iron

I Target region placed in a cold box

I Detector placed on a slope

4 / 19

Complementary 

to on-axis FASERn

Event reconstruction

First phase: electronic detectors

I Identify ⌫ candidates

I Identify final state muons

I Reconstruction of EM showers (SciFi)

I Merasure ⌫ energy (Muon+SciFi)

Second phase: nuclear emulsions

I Identify EM showers

I ⌫ vertex reconstruction

I Match with electronic detectors
(timestamp)

6 / 19

Muon system energy calibration

I Together with the SciFi, the muon system will
be used as a hadronic calorimeter for energy
reconstruction of the muon

I Energy calibration needed to tune MC

I Two testbeams at the CERN SPS H8
beamline in Sept 1-5 and Oct. 1-6

I Collected data with:
- 140, 180, 240, 300 GeV ⇡
- Beam muons, cosmics

12 / 19

H8 Beam tests in 
Sept 1-5 & Oct 1-6  

Full details see C. Betancourt, SND@LHC,

32nd Recontres de Blois 2021

SND@LHC

32nd Rencontres de Blois Particle Physics and Cosmology

C. Betancourt
on behalf of the SND@LHC

collaboration

Universität Zürich

19.10.2021

1 / 19
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2

Rock

CMS

To 
surface

φ = 43°

θ = 6°

FIG. 1. The position of the detector, shown as a blue rectangular volume, in an elevation view (left) and plan view (right).
The dashed lines represent the projection of the center of the detector to the CMS IP.

millicharged particle the interaction strength is reduced
by a factor of (Q/e)2 with respect to that of a particle
of the same mass that has charge e. The detector signal
is also reduced by the same factor, and is typically too
small to be recorded by detectors designed for particles
of charge e. The production of millicharged particles in
collider experiments would result in events with missing
transverse momentum, however, SM processes with neu-
trinos as well as instrumental e↵ects tend to overwhelm
their signatures. No searches for particles with Q . 0.1e
have been performed at hadron colliders.

It is then clear that dedicated detectors are needed to
search for millicharged particles at a hadron collider. In
2016, we discussed the possibility to build such a detector
at the LHC, which we called milliQan [25], at the CMS
experimental site and aligned with the CMS interaction
point (IP). Since then we have installed and operated
a small fraction of such a detector (“milliQan demon-
strator”) to measure backgrounds and provide a proof of
principle and feedback for the full detector design. In
2018, the demonstrator collected a data set of proton-
proton (pp) interactions corresponding to an integrated
luminosity of 37.5 fb�1, at a center-of-mass energy of
13 TeV. This corresponds to 86% of the total luminos-
ity delivered by the LHC in the period the demonstrator
was operational. While the demonstrator is only ⇠1%
of the full milliQan, the data collected already provides
competitive constraints on the existence of millicharged
particles of mass 20–4700 MeV/c2 and Q/e ⇠ 0.01–0.3.

II. DETECTOR

A thick sensitive volume is required to be capable of
observing the small energy deposition of a particle with

Q . 0.1e. The milliQan demonstrator is, therefore, com-
posed of three layers of 80⇥ 5⇥ 5 cm scintillator bar ar-
rays pointing to the CMS IP, with each array consisting
of three pairs of bars, stacked on a 3.6 m long rectangu-
lar aluminum tube, for a total of 18 bars. We label the
closest, middle and furthest layer from the CMS IP as
layer 1, layer 2 and layer 3, respectively.

The milliQan demonstrator is located in an under-
ground tunnel at a distance of 33 m from the CMS IP,
with 17 m of rock between the CMS IP and the demon-
strator that provides shielding from most particles pro-
duced in LHC collisions. In the CMS coordinate sys-
tem [24], the detector is positioned at an azimuthal angle
(�) of 43� and pseudorapidity (⌘) of 0.1. Diagrams of the
detector’s position are shown in Fig. 1. Located 70 m un-
derground, the muon flux from cosmic rays is reduced by
a factor of ⇠100 compared to the surface. The detector
is aligned using standard laser-based survey techniques
such that the center of the scintillator array projects a
line to within 1 cm of the CMS IP. This alignment is vali-
dated using muons produced at the CMS IP, as discussed
in Section IVC.

In addition to the scintillator bars, additional com-
ponents were installed to reduce or characterize certain
types of backgrounds. Lead bricks are placed between
the layers to prevent low-energy secondary particles from
one layer from entering another layer. Four scintillator
slabs are located along the length of the detector to tag
throughgoing particles, provide time information, and
shield the bars from neutron radiation. Thin scintilla-
tor panels cover the top and sides, providing the ability
to reject cosmic muons. Lastly, hodoscopes consisting of
2 ⇥ 2 ⇥ 45 cm scintillator volumes are used to identify
the tracks of beam and cosmic muons. A diagram of the
detector components is shown in Fig. 2, and a photo-

The Ohio State University, New York University,

UC-Santa Barbara, UC-Irvine, University of Chicago, 

University of Nebraska, University of Bristol,

The Lebanese University, Vrije Universiteit Brussel

&
Slides thanks to Jim Brooke & Joel Goldstein

• A search for millicharged particles:
– Uses a simple detector shielded by large depth of rock from the LHC IP.
– 1% scale demonstrator operated in Run 2 and used to extract physics.
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Run 3 detector

• Proposal to LHCC (last week) that MilliQan become a sub-detector of CMS
• Add “slab detector” to existing bar detector design

– Complementary physics coverage

• Re-use of R878 PMTs from decommissioned LANL neutrino expt reduced cost
– Run 3 detectors fully funded

s

s

Run 3 Detector Design

3

• Bar detector for Run 3 is 
a straightforward 
upgrade of the Run 2 
demonstrator 

• Optimized for 
charge limited 
region 

• Adding a slab detector 
that covers large area for 
low cost 

• Optimized for 
acceptance 
limited region 

• Engineering for module 
mechanics for both 
completed EDR last 
week

Run 3 Detector

3carrigan.20@osu.edu

• Realized from demonstrator that 
deploying a bar and slab detector 
optimal for run 3
• Bar detector is a 4 layer, 4x4 

scintillator bar larger version of 
demonstrator
• Extra layer helps veto backgrounds

• Slab detector has 4 layers of 12 
scintillator slabs per layer 
• Targets lower charge higher mass 

mCPs

Run 2 MilliQan Demonstrator Run 3 Bar Detector

Run 3 Slab Detector

Main structure is 
reused from the 
demonstrator 

Lever arm allows 
for easy 
construction and 
alignment of 
detector

Bar Module Detector Mechanics

7carrigan.20@osu.edu

• Engineering design review last week
• Successful, procurement of materials underway

Slab Detector Mechanics

11carrigan.20@osu.edu

• Also finalized slab detector at EDR last month

s

s

Run 3 Detector Design

3

• Bar detector for Run 3 is 
a straightforward 
upgrade of the Run 2 
demonstrator 

• Optimized for 
charge limited 
region 

• Adding a slab detector 
that covers large area for 
low cost 

• Optimized for 
acceptance 
limited region 

• Engineering for module 
mechanics for both 
completed EDR last 
week

Run 3 Detector

3carrigan.20@osu.edu

• Realized from demonstrator that 
deploying a bar and slab detector 
optimal for run 3
• Bar detector is a 4 layer, 4x4 

scintillator bar larger version of 
demonstrator
• Extra layer helps veto backgrounds

• Slab detector has 4 layers of 12 
scintillator slabs per layer 
• Targets lower charge higher mass 

mCPs

Run 2 MilliQan Demonstrator Run 3 Bar Detector

Run 3 Slab Detector

Main structure is 
reused from the 
demonstrator 

Lever arm allows 
for easy 
construction and 
alignment of 
detector

Bar Module Detector Mechanics

7carrigan.20@osu.edu

• Engineering design review last week
• Successful, procurement of materials underway

Slab Detector Mechanics

11carrigan.20@osu.edu

• Also finalized slab detector at EDR last month

Slides thanks to Jim Brooke & Joel Goldstein
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Sensitivity
Slides thanks to Jim Brooke & Joel Goldstein

• MilliQan Run 2 result in red
– arXiv:2005.06518

• Run 3 sensitivity in green/blue
– arXiv:2104.07151

• Original bar detector
– High mCP flux / low efficiency

• New slab detector
– Low flux / high efficiency

https://arxiv.org/abs/2005.06518
https://arxiv.org/abs/2104.07151
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Dedicated Far Detectors.
Experiment: CODEX-b Experiment: ANUBIS

[Idea 1909.13022]

hep.phy.cam.ac.uk/ANUBIS[CODEX-b EOI 1911.00481]

located in LHCb cavern

[Idea: 1708.09395]

located in ATLAS service shaft

• CODEX-b
– In LHCb cavern

1708.09395Idea
EOI 1911.00481

Related proposed experiments
• ANUBIS

– an ambitious 
chandelier in the 
ATLAS service shaft

Dedicated Far Detectors.
Experiment: CODEX-b Experiment: ANUBIS

[Idea 1909.13022]

hep.phy.cam.ac.uk/ANUBIS[CODEX-b EOI 1911.00481]

located in LHCb cavern

[Idea: 1708.09395]

located in ATLAS service shaft

hep.phy.cam.ac.uk/ANUBIS

Idea 1909.13022

Oleg Brandt et al

4x
230m2

MAssive Timing Hodoscope for Ultra-Stable neutraL pArticles

100 × 100 m2 large detector proposed above GPDs:

Mathusla test stand

Recent results from other experiments: Mathusla FASER

• Massive Timing Hodoscope for Ultra-Stable
neutraL pArticles

• 200× 200m2 large detector proposed to be built
at P5 (above CMS) in 2018 (LoI)

• small scale test stand operating in 2018 above
ATLAS used to tune simulations of muons from
collisions and backgrounds

• update to LoI intend in fall 2020 with updated
detector design:
• better position found allowing for reducing the size of

the detector to 100× 100m2

• scintillator strips instead of RPCs for cost saving and
ease of operation

• currently working on full TDR to be expected in 2021

more details: The MATHUSLA Test Stand (arXiv:2005.02018) 13

MATHUSLA
MATHUSLA:

A Detector Proposal to Explore
the Lifetime Frontier at the HL-LHC

Input to the update process of the European Strategy for Particle Physics
18. December 2018

Henry Lubatti (Corresponding Author),1, ⇤ Cristiano Alpigiani,1 Juan Carlos Arteaga-Velázquez,2

Austin Ball,3 Liron Barak,4 James Beacham,5 Yan Benhammo,4 Karen Salomé Caballero-Mora,6

Paolo Camarri,7 Tingting Cao,4 Roberto Cardarelli,7 John Paul Chou,8 David Curtin,9 Albert
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Rouven Essig,12 Jared Evans,13 Erez Etzion,4 Arturo Fernández Téllez,14 Oliver Fischer,15
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Liang Li,23 Barbara Liberti,7 Zhen Liu,11 Giovanni Marsella,24 Piter A. Paye Mamani,25

Mario Iván Martı́nez Hernández,14 Matthew McCullough,3 David McKeen,26 Patrick
Meade,12 Gilad Mizrachi,4 David Morrissey,26 Meny Raviv Moshe,4 Antonio Policicchio,17

Mason Proffitt,1 Marina Reggiani-Guzzo,27 Mario Rodrı́guez-Cahuantzi,14 Joe Rothberg,1

Rinaldo Santonico,7 Marco Schioppa,28 Jessie Shelton,29 Brian Shuve,30 Yiftah Silver,4

Daniel Stolarski,31 Martin A. Subieta Vasquez,25 Guillermo Tejeda Muñoz,14 Steffie Ann
Thayil,8 Yuhsin Tsai,11 Emma Torro,1 Gordon Watts,1 Charles Young,32 and Jose Zurita33

1University of Washington, Seattle
2Universidad Michoacana de San Nicolás de Hidalgo, Mexico (UMSNH)

3CERN
4Tel Aviv University

5Ohio State University
6Universidad Autónoma de Chiapas, Mexico (UNACH)

7Sezione di Roma Tor Vergata, Roma, Italy
8Rutgers, the State University of New Jersey

9University of Toronto
10Université catholique de Louvain

11University of Maryland
12YITP Stony Brook

13University of Cincinnati
14Benemérita Universidad Autónoma de Puebla, Mexico (BUAP)

15Karlsruhe Institute of Technology
16Fermi National Accelerator Laboratory (FNAL)
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18New York University

19Institute of High Energy Physics, Beijing
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IKEA-like probe of the 
lifetime frontier

2005.02018

1901.04040

MATHUSLA: a big-box store at CERN
Build an IKEA near ATLAS or CMS and put trackers in the ceiling. LLPs 
that stop to buy furniture will be reconstructed as displaced vertices.

Stringent 
geometrical + 
timing LLP 
reconstruction 
criteria and 
~100m of rock 
shielding allow for 
LLP searches in 
“near-zero 
background 
environment”

absolute unit
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MATHUSLA: a big-box store at CERN
Build an IKEA near ATLAS or CMS and put trackers in the ceiling. LLPs 
that stop to buy furniture will be reconstructed as displaced vertices.

Stringent 
geometrical + 
timing LLP 
reconstruction 
criteria and 
~100m of rock 
shielding allow for 
LLP searches in 
“near-zero 
background 
environment”

absolute unit

FORMOSA: FORward MicrOcharge SeArch

Recently proposed for UJ12 or TI12 tunnel

PhysRevD.104.035014  

https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481
hep.phy.cam.ac.uk/ANUBIS
https://arxiv.org/abs/1909.13022
https://arxiv.org/abs/2005.02018
https://arxiv.org/abs/1901.04040
https://link.aps.org/doi/10.1103/PhysRevD.104.035014
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Potential Forward Physics Facility (FPF)
• Physics reach would benefit from larger detectors than can fit in the existing infrastructure.

Prospects for HL-LHC FASER

• building larger detectors would increase the
physics potential (neutrinos and BSM)

• community would profit from a dedicated Forward
Physics Facility (FPF) allowing more/larger
experiments situated along the collision axis LOS

• planing in progress with two main options:
1 alcoves in UJ12 requiring experiments being built

around what is possible
2 dedicated new cavern behind UJ18

more details: Forward Physics Facility Meeting 14
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100 m underground

The new FPF facility and FASER𝜈2

• The Forward Physics Facility (FPF) for the HL-LHC is a 
proposed facility that could house a suite of experiments 
to greatly enhance the LHC’s physics potential for 
BSM physics searches, neutrino physics and QCD.
– The background muon rate may be able to be reduced with 

a sweeper magnet (studies ongoing).
• FASER𝝂2 is designed to carry out precision 𝝂𝝉

measurements and heavy flavor physics studies
– ~2300 (SIBYLL) / ~20000 (DPMJET) 𝜈𝜏 interactions are 

expected.

CERN land

Non-CERN land

ATLAS IP

𝜈

• Community would profit from a 
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• The Forward Physics Facility (FPF) for the HL-LHC is a 
proposed facility that could house a suite of experiments 
to greatly enhance the LHC’s physics potential for 
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Summary

• A range of agile, small detectors are being developed to complement searches at the 
established LHC detectors and probe the unexplored forward intensity frontier.

• Such detectors can be rapidly developed, thanks to spare hardware from the main 
experiments.

• Run-III experiments should enable major advances:
– First detection of first collider neutrinos in a new energy regime
– Searches for long lived, feebly-interacting particles that may be abundant in the far forward region

• Exciting new ideas in development, including a Forward Physics Facility for the HL-LHC era. 

Thanks to the UK HEP organisers and all 
colleagues who contributed slides!


