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LHC(Large Hadron Collider) at CERN 13.6 TeV p-p collision

The FASER𝝂 detector 

𝜈 

High spatial 

resolution

• 730 x [tungsten (1.09 mm) + emulsion film thickness]

• 25 x 30 cm2, 1.1 tons (8 𝜆𝑖𝑛𝑡, 220 𝑋0)

• Successfully collected ~250 fb-1 during Run3

• Expected ~10000 neutrino interactions (𝜈𝑒 ~1700, 𝜈𝜇 ~8500, 𝜈𝜏 ~30)

Charged particle tracks are 

recorded as grains
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Performance evaluation using MC simulations

• Momentum reconstruction of charged particles in the TeV range is 

critical for kinematical analysis in the FASER𝝂 detector
• The method is based on multiple Coulomb scattering (MCS) with tungsten plates

• Utilizing the excellent position resolution of FASER𝜈 (𝜎𝑝𝑜𝑠 = ~0.3 𝜇𝑚)

• Multivariate regression using Gradient Boosted Decision Trees

• Input variables: 𝒑𝝁, σ𝒑𝒄𝒉𝒂𝒓𝒈𝒆𝒅 𝒉𝒂𝒅𝒓𝒐𝒏𝒔 and 1/tan𝜽𝝁
• Training sample: FASER GENIE simulation, 1/𝐸𝜈

2 flux distribution up to 15 TeV

• Less than 10% offset and resolution 30-40% (200 GeV – 3 TeV)

Identify three generation neutrinos

FASER𝜈 detector

1. FASER experiment

#170

• The test beam performed at the H8 beamline at the SPS in July 2024 

• Momentum measurement with 100-layer detector, irradiated with 100, 

200 and 300 GeV muons

• Compared with the single muon MC

• Dataset: 2nd 2022 module 9.5 fb-1, analyzed target mass = 681.1 kg

• 33 𝝂𝝁 and 7 𝝂𝒆 observed while 40 𝜈𝜇 and 7.7 𝜈𝑒 expect

• Momentum measurement using 100 tungsten plates and emulsion films

• Muons simulated with Geant4 (apply position smearing to match data)

Flat distribution

Good linearity 

even above 1 TeV

Migration matrix

Reconstructed 

neutrino energy

Neutrino measurement in the unexplored TeV region 

and search for long-lived particles

𝑬𝝂𝝁 10-200 [GeV] 200-1000 [GeV] >1000 [GeV]

𝑛𝑒𝑥𝑝
𝑡𝑟𝑢𝑒 0.00−0.00

+0.00 22.3−5.4
+8.4 17.9−4.7

+7.0 

𝑛𝑒𝑥𝑝
𝑟𝑒𝑐𝑜 0.02−0.00

+0.00 25.8−6.1
+9.0 15.5−4.0

+5.8 

𝑁𝑜𝑏𝑠
𝑟𝑒𝑐𝑜 0 19 14 

ν, LLPs

4. Muon neutrino energy reconstruction

5. Neutrino cross section measurements

2. Momentum reconstruction 3. Validation with test beam data

for unfolding 𝐸𝜈
true

Reconstructed 

muon neutrino 

energy by BDT
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Reconstructed neutrino energy [GeV]

Measured 𝑝𝜇

𝒑𝐛𝐞𝐚𝐦 Data [GeV] MC [GeV] Data [%] MC [%]

100 GeV 98.1−4.3
+4.6 98.4−4.3

+4.6 20.7 ± 0.6 20.7 ± 0.1 

200 GeV 195.2−8.5
+9.3 198.7−0.2

+0.2 22.7 ± 0.6 22.6 ± 0.1 

300 GeV 288.6−12.4
+13.5 299.7−0.3

+0.4 23.2 ± 0.4 24.2 ± 0.1 

𝐸𝜈
reco is unfolded to 𝐸𝜈

true

Extract cross section by 

likelihood fit

Calculate position difference 𝑠𝑖

Momentum extracted from a fit of 𝑠𝑅𝑀𝑆 in 𝑝 and 𝜎𝑝𝑜𝑠

Calculate 𝑠𝑛𝑐𝑒𝑙𝑙
𝑅𝑀𝑆 by 

shifting and 

increasing #cell

𝑧𝑐𝑒𝑙𝑙：The thickness of one emulsion film and tungsten plate

𝑋𝐶：Compound radiation length (4.57 mm, cf: 𝑋𝑊=3.5 mm)

N tracks ≥ 5

Test beam data and MC show good agreement1.6−0.4
+0.8 TeV 𝜇

1.6−0.4
+0.8 TeV 𝜇

H8 beamline setup

Tilted view Beam view

Inside box

Emulsion film

         

                      

   

   

   

   

   

   

   

   

  
  
 

  
 

 
 
 
 

 
 
 
 

 
 
 
 
  
 
 

 
  

                              

                 

           

          

          

           

        

          

             

                    

          

          

           

           

             

            

            

                

            

            

                

      
    
 

                        

 
 
 
 
  
  
 
 

 

   

   

   

   

   

   

   

   

        

    
                

        

    
                

        

    
                

        

    
                

                

Resolution: 20-30% (<1 TeV) 

30-40% (above 1 TeV)

 

  

   

   

   

   

   

   

   

  
 
 
 
 

 
 
 
  
 

     

  

              

                        
      

    
 

   
    
   
    

 
    
   

    
   

 
 
 
 

  
 
 
 
  
 

 

𝑝center has 

good linearity
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Normalize to

𝑝rec > 100 

GeV in data

300 GeV 300 GeV

Fit 1/𝑝rec distribution 

with Gaussian

𝑝center: 1/mean

Resolution: sigma/mean

𝑝center Resolution

FASER𝜈 26: 𝜈𝜇 + ҧ𝜈𝜇

FASER𝜈 26: 𝜈𝑒 + ҧ𝜈𝑒 
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