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•  New physics searches at the LHC have traditionally focused on high pT.  
This is appropriate for heavy, strongly-interacting particles 

–  σ ~ fb to pb → N𝜋 ~ 103 – 106 in 3 ab-1 produced ~isotropically 

•  However, if new particles are light and weakly interacting, this may be 
completely misguided. Instead should exploit  

–  σinel ~ 100 mb →  N𝜋 ~ 1017, θbeam axis ~ m𝜋 / TeV ~ 0.1 mrad 

•  These light, weakly-interacting particles are long-lived and collimated. 
This motivates a small (~0.1 m3) and inexpensive (~1M CHF) experiment 
placed in the very forward region of ATLAS (480 m downstream).

π, K, D, B, …

FASER



FASER
Fit 5m long detector but less 
service supports.
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LLP starts at IP, travels through Target Absorber Neutral (TAN) and other 
very forward infrastructure, then leaves the LHC tunnel, travels through 100 
m of rock, decays to two highly energetic (~TeV) charged tracks in FASER



toward ATLAS

• FASER will be placed on the beam collision axis (“on-axis”) within mm 
accuracy. A little digging is required to lower the floor by 45 cm

50 cm

• The beam crossing angle also matters: with 285 (590) μrad, the “on axis” 
location at FRASER shifts by 6 (12) cm

 



● FASER 
○ Collect data during Run 3 (150 fb-1)
○ Decay volume: R=10 cm, L=1.5 m

● FASER 2
○ Collect data during HL-LHC (3 ab-1)
○ Decay volume: R=1 m, L=5 m
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Produced in B decay to probe h-𝝓 
mixing and h𝝓𝝓 trilinear coupling→
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LHCb ECAL moduleATLAS SCT module

Pitch 80 um

25 X0

CERN made
permanent dipole 
magnet to minimize  
services

10% mom resolution @ 1TeV muon 1% energy  resolution @ 1TeV  electron



● Neutrino-induced events: low rate 
a few ~100 GeV events at 150 fb-1

● Muons coming from IP
EPOS+theory with FLUKA simulation
70 Hz (>100 GeV) at L=2x1034cm-2s-1

Sabate-Gilarte, Cerutti, Tsinganis (2018)

● The FLUKA study also finds that 
proton showers in dispersion 
suppressor and beam-gas 
background (from “beam 2”) are 
also negligible.

● The radiation level is low (<10-2 
Gy/year), which is encouraging 
for detector electronics.



● First measurements already performed
○ Emulsion detectors
○ BatMon (Battery-operated radiation monitor)

● First results promising - consistent with FLUKA
● Data analysis and TI12 measurements on-going



The FASER collaboration: 27 collaborators, 17 institutions, 8 countries
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● Currently Approval Process
○ LOI July 2018 supported by LHCC
○ TP Nov 2018 recommended by LHCC
○ CERN research board approval in Jan 2019 
○ Pursuing full approval by LS2 schedule committee by March 
○ Magnet construction started soon 
○ Procurement, Finalization of Engineering Design, Construction by 

Spring 2020
○ Installation, Commission starting from Aut 2020
○ Data taking in April 2021 - ready for Run III

● Funding from Simons and Heinsing-Simones 
○ 1M CHF from each
○ 420k CHF for Magnet construction
○ 300k CHF for the rest of detectors
○ 300k CHF for Civil Engineering, Transportation, Powering
○ The rest is to support students



● FASER is an opportunity for a small and inexpensive experiment to
search for a full range of light and weakly-interacting particles, 
complementing other experiments. 

● If successful, a possible timeline and plan is
○ Install FASER in LS2 (2019-20) for Run 3 (150 fb-1)

■ Decay volume R = 10 cm, L = 1.5 m, requires lowering floor by 
50cm

■ Target dark photons, ALPs, etc.
○ Install FASER 2 in LS3 (2023-25) for HL-LHC (3 ab-1)

■ Decay volume R = 1 m, L = 5 m, requires some extension of 
existing tunnel

■ Full physics program: dark photons, B-L gauge boson, ALPs, dark 
Higgs, HNLs, etc.



https://indico.cern.ch/event/dmlhc2019

13~16 August

https://indico.cern.ch/event/dmlhc2019/










FASER has a full physics program: can discover all candidates with 
renormalizable couplings (dark photon, dark Higgs, HNL); ALPs with all 
types of couplings (g, f, g); and many other examples.

 



proton showers in dispersion suppressor 
and beam-gas background (from “beam 2”) 
are also negligible. The radiation level is 
low (<10-2 Gy/year), which is encouraging 
for ddetector electronics.

● For HL-LHC conditions Luminosity: 5x1034 cm-2s-1 Cross section p-p 
collision: 85 mb Pile-up: 140 events/bunch crossing

● A high-energy muon that brems off a photon or an EM or hadronic jet is 
a leading background if the incoming muon is not vetoed.

   
 







A conservative estimate of the 
separation required to FASER’s 
choice create isolated clusters in a 
silicon strip detector





40MHz synchronous to LHC

Event size 25 kB 

650 Hz Trigger Rate (dominant 
by high energy muon) at L = 2 
x 1034 cm-2 s-1




