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Long-lived particles are generic
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[1810.12602] First pixel layer (first layer of detector) 

BSM being actively probed BSM being probed as 
missing transverse energy
or EM charged particles

New ideas!



LLP Theories
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José Zurita

From theories to signatures

5
Curtin et al, 1806.07396



LLP – Hidden Valley
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Why Long-Lived BSM Particles? Hidden Valley
Hidden sector feeble 
couplings to SM via various 
portals, suppressed by the 
smallness of the couplings Higgs 

portal

Neutrino 
Portal

Axion 
Portal

Dark 
Photon/Z

Zurek, Strassler

Zhen Liu                LLP Theory                     LLP@Ghent 7

Hidden sector feeble couplings to SM via various portals, 
suppressed by the smallness of the couplings 

Credit  Zhen Liu



Experiment Landscape - current LHC
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Experiment landscape

From Codex-b physics case paper: 1911.00481
Zhen Liu                LLP Theory                     LLP@Ghent 12

1911.00481 

• Constraints in triggering 
• Copious QCD background 



Experiment Landscape (focus of this talk)
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Experiment landscape

From Codex-b physics case paper: 1911.00481
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1911.00481 

• Aim for low background 
at trigger level by 
shielding 

• Aim for zero background 
in analysis  

New LHC projects are complementary to existing experiments at the 
LHC and elsewhere. 



Experiment Landscape
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Experiment landscape

From Codex-b physics case paper: 1911.00481
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1911.00481 

See Ellis Kay’s talk tomorrow

New Detector Ideas
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A Compact Detector for Exotics at LHC-b

From 1708.09395

10 m x 10 m x 10 m

32-L

Additional decay volume for !!
final state

LHCb
interaction point

Some specs:
• 10m x 10m x 10m fiducial volume  
• 6 RPC layers on each surface 
• 5 set of 3 vertical RPC layers in 
the volume 
•1 cm granularity 



MATHUSLA 11

Massive Timing Hodoscope for Ultra-Stable neutraL pArticles

CMS 
interaction point

Some specs: 
•200 m x 200 m x 25 m   
(smaller designs considered) 
•Construct in 9 m x 9 m x 25 m 
modules 
•RPC’s for tracking 
•Use timing to reject cosmic rays 



ANUBIS 12

AN Underground Belayed In-Shaft

1909.13022

Some specs: 
• 8m radius (shaft)
• Each tracking station is 30 
tons and 230 m2

• RPC’s for tracking 
• Use timing to reject 
cosmic rays 



AL3X 13

A Laboratory for Long-Lived eXotics
ALICE 

interaction point moved by 
11.25 m

Similar strategy as for CODEX-b: use thick shield with 
active veto to reduce the backgrounds

Reuse the L3 magnet and (perhaps) the ALICE TPC



AL3X 14

A Laboratory for Long-Lived eXotics
ALICE 

interaction point moved by 
11.25 m

Similar strategy as for CODEX-b: use thick shield with 
active veto to reduce the backgrounds

Reuse the L3 magnet and (perhaps) the ALICE TPC

40-L tungsten shield (approx. 
40 m3 or 750 ton)

D2 and D4 scintillators to 
trigger on outgoing charged 

tracks

D1 and D3 scintillators to 
veto on incoming charged 

tracks

Initially, ALICE TPC for 
tracking and dE/dx



Experiment Landscape
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Experiment landscape

From Codex-b physics case paper: 1911.00481
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1911.00481 

See Ellis Kay’s talk tomorrow

New Detector Ideas



SHiP 16

Beam dump experiment at the SPS accelerator 

SHiP
12

Beam dump experiment at the SPS accelerator 

400 GeV 
protons Some specs:


• 1020 protons on target

• √s = 20 GeV

• New beam line needed

• Aiming for 2025 (~ 200 million $)

Main use:

• tau neutrinos

• light sterile neutrinos

• dark photons

• other light LLPs

1504.04956: M. Anelli et. al.

Some specs:
• 1020 protons on target 
• √s = 20 GeV
• New beam line needed
• Aiming for 2025 (~ 200 million $) 



FASER
1
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FASER
Fit 5m long detector but less 
service supports.

ATLAS

ForwArd Search ExpeRiment at the LHC



FASER 18

ForwArd Search ExpeRiment at the LHC
ATLAS 

interaction point



FASER 19

ATLAS 
interaction point

Some specs: 
• 20 cm aperture x 5 meters
• ~ 480 meters from IP
• Need small but good tracker 

ForwArd Search ExpeRiment at the LHC



FASER INTEGRATION 
MODEL

L. Dougherty (CERN)



Current Status
21
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Cleanup and Preparation
TI12 has been cleared out

Unused ventilation and cable
trays have been removed

GSM cable replace with antenna

Many thanks to the excellent work
by many different groups at CERN

27

Commissioning and Installation
Plan to do installation 
dry run and integration 
tests on surface before 
TI12 installation

Test of mechanical assembly
and alignment/survey

Full scale test of powering, 
cooling, monitoring and readout

Will take place in ENH1 (Prevessin)
Detailed planning on-going

Magnets and tracker stations on critical path for the tests
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Trigger/DAQ
Trigger system based on CAEN digitizer and trigger 
board based on same FPGA board as tracker readout

Initial firmware version complete and under test in lab 

DAQ based on new light-weight framework developed 
by CERN EP-DT team for small experiments

Expect ~500 Hz of triggers (muons) and ~15 MB/s data rate

Integration with readout boards on-going

Web-based run-controlTDAQ test setup

Tracker
board

Digitizer

Tracker
boardVME to Ethernet

bridge

24

Calorimeter
Calo. built from four spare 
LHCb outer ECAL modules

Many thanks to LHCb for
lending us these modules

Testing lab with LED pulser
and cosmic ray test stand
setup in building 21

Used to characterize and
determine HV working point

Low gain needed to have
sufficient range for largest signals

Cosmic ray test stand

Calorimeter Module

PMT Non-linearity
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Digitizer
range

Gain ~3000

Gain ~300
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Prototype Tracking Layer

First prototype layer produced and mounted in September

Custom-made
flex cables

12

Cleanup and Preparation
Junction cavern (UJ12) next to 
TI12 prepared for FASER

New gang-way for easy access

TI12 sealed off with dust-proof tent

Hoist installed over LHC 

Protective shield to be installed
in next weeks

Hot of the press
Protection Installed

this morning
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Cleanup and Preparation
Junction cavern (UJ12) next to 
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Hoist installed over LHC 
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in next weeks

Hot of the press
Protection Installed

this morning

2020

Before

After

Protection Tunnel



FASERν:  Neutrino measurements in FASER 22
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Neutrinos in FASER

Neutrino measurements in
FASER studied since LoI

1012 high energy neutrinos will 
pass through FASER in Run 3

Propose to extend FASER
with dedicated neutrino detector

Physics case: arXiv:1908.02310

Technical Proposal submitted to
LHCC for review

1.2 t tungsten-emulsion
detector in front of FASER

Trench was already included
in civil engineering plans

Initially standalone detector

Combination with rest of 
FASER under study

1908.02310 
1.2 t tungsten-
emulsion ● Huge flux of neutrinos (1012 in Run3) 

through FASER could allow for 
interesting neutrino measurements.

● Extend FASER physics program 
* Complementary to existing 
experiments
* Measurement at the highest man-
made neutrino energies

31

FASERν Physics case

Extends FASER physics program with SM measurements

Neutrino energy spectrum in FASER complementary to 
existing neutrino experiments

Measurement at highest man-made neutrino energies

Primary measurement is neutrino cross sections:

~1300 ν
e
, mostly

from kaon decays

~20000 ν
μ
, mostly

from pion decays

~20 ν
τ
, mostly

from charm decays

~1300 from kaon ~20k from pion ~20 from charm



Physics Beyond Colliders at the LHC
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arXiv 1901.09966



Higgs Portal: Minimal Dark Scalar Mixing 24

FASER2, CODEX-b and 
MATHUSLA cover >4 
orders of magnitude in 

"#$%&

• Minimal scenario ' = 0
• More general scenario ' and ! both non-zero 

ℒ+,-.-/ = ℒ01 + ℒ30 − !5 + '5% 676



Vector Portal: Minimal Dark Photon Model 25



Lifetime Frontier 26

Higgs 
decay

B-decay π,η-decay 
(dark 
photon)

Progress Cost

FASER ! ! Construction $

CODEX-b ! ! Expression of 
Interest (1911.00481)

$

ANUBIS ! " Proof of Concept $

AL3X ! ! ! Proof of Concept $$

MATHUSLA ! " Letter of Intent 
(1811.00927)

$$

SHiP ! ! Design Report 
(CERN-SPSC-2019-
049)

$$$



Summary 27

● Clearly and increased interest in Long-lived particle searches at the 
LHC
○ LLP BSM White paper [1903.04497]
○ Physics Beyond Collider Report [1901.09966]
○ 6th LLP workshop [https://indico.cern.ch/event/849129/]

● New ideas for additional complementary experiments being constructed 
or proposed
○ FAER – aiming for data-taking starting in Run3 (2021)
○ MATHUSLA, CODEX-b – expression of interests 
○ ANUBIS, AL3X  - concept approved
○ Future Beam dump experiments (SHiP)

https://indico.cern.ch/event/849129/

