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Muon force carriers (MFCs)
New bosons coupled to muons

ℒ = gS S μ̄ μ

Did we already 
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Signal production - scalar MFC

Strong mass dependence
Weak energy dependence

Ns ≈ (2 × 108)g2
s

(4 × 107)g2
s (4 × 105)g2

s

ℒeff =
Nμ

109

ρW

mW
ΔFASERν

∼ 5 × 10−6 fb−1

For ℒLHC = 150 fb−1
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100 GeV muon in Tungsten:

⟨dE/dX⟩ = 0.311 ( GeV m2

gr ) × 19.3 ( gr
m3 ) ∼ 6 ( GeV

m )
with

ion:pair:brem:nuc ∼ 1 : 0.4 : 0.25 : 0.01

(not rare)
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(Labeled by single largest energy-loss event)

11/07/23 FLArE Far Forward Physics working group meetingReuven Balkin

11

IEEE Trans.Nucl.Sci. 53 (2006) 513-519



Background - rare SM energy loss events 

11/07/23 FLArE Far Forward Physics working group meetingReuven Balkin

12



Background - rare SM energy loss events 

11/07/23 FLArE Far Forward Physics working group meetingReuven Balkin

13



Talk layout

• Theory: motivation and status

• Basic search idea

• Signal

• Background

• Results and summary
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Results

Worst case

(kinematic cuts only)

NBG (total) ∼ Nμ ∼ 109

-40% energy resolution from MCS method 
-Reduced signal efficiency from removing edges
-Assumed kink location is known (sliding window)
-Angular resolution (single layer)    σθ = 2σxy /L ∼ 2 × 10−4
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Results
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(Cuts+veto)

εbrem = 5 × 10−5 (10−6)
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Results

Realistic case

(Cuts+veto)

εbrem = 5 × 10−5 (10−6)

-All BGs except brems are prompt - easier to find
-Emitted photon first propagates and than “decays” via EM shower

⟨Δγ⟩ ∼ X0⟨sin θγ⟩ ∼ (4 mm) × 10−3

⟨Δtracks⟩ ∼ ρ−1/2
tracks ∼ (4 mm) × 10−2

-Efficiency estimation depends on reliable modeling  
at large θγ ≳ 10−2

-We conservatively take εion = εpair = εnuc = εbrem
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Summary
• We propose to use FASER  as a muon beam dump to search for new 

physics coupled to muons.
ν

• Motivated by   - but also important as a complementary tree-level 
search.

(g − 2)μ

• Minimal BG rejection with kinematic cuts - sensitivity not very promising.

• With improved BG rejection could reach preferred and unexplored 
parameter space  .gS ≲ 10−4

• Plenty of room for optimization: MCS method, sliding window (kink finder), 
BG veto strategies i.e. for brem
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Extra




Energy measurement
Multiple Coulomb scattering 

“Detecting and Studying High-Energy Collider Neutrinos with FASER at the LHC” (1908.02310)

46 % at 200 GeV

Energy resolution 
(from 1908.02310):

57 % at 1 TeV

Toy model analysis - 200 Layers using both x and y shifts
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Bremsstrahlung efficiency
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Strong dependence on modeling of  at large anglesf(θ)


