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Standard Model 
(known)

hidden sector 
(unknown)

typically weak coupling

dark photons, ,   
Higgs mixing, axion or axion-like-particles….
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DarkCast  
recasting dark photon searches  

for generic spin-1 models

Ilten, YS, Williams, Xue, 1801.04847 
Baruch, Ilten, YS, Williams, 2206.08563 

https://gitlab.com/darkcast/

https://gitlab.com/darkcast/releases
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generic spin-1 model:     gX∑
f

f̄γμ(xf
V+γ5x

f
A)f Xμ+∑

χ

ℒXχχ̄

in principle, can go from any model to any model

assume that the dark photon (kinetic bounds) 
bounds are given  , mA′ 

ε



Beyond the dark photon

9

mA′ 
→ mX

ε
A′ → X



Beyond the dark photon

9

mA′ 
→ mX

ε
A′ → X

gX

→



Beyond the dark photon

9

mA′ 
→ mX

ε
A′ → X

gX

→ σX(m, gX) BRX→ℱ(m) ε(τX(m, gX))
σA′ 

(m, gA′ 
) BRA′ →ℱ(m) ε(τA′ 

(m, gA′ 
))

= 1

master equation:



Beyond the dark photon

9

mA′ 
→ mX

ε
A′ → X

gX

→ σX(m, gX) BRX→ℱ(m) ε(τX(m, gX))
σA′ 

(m, gA′ 
) BRA′ →ℱ(m) ε(τA′ 

(m, gA′ 
))

= 1

σX(m, gX)
σA′ 

(m, gA′ 
)

ε(τX(m, gX))
ε(τA′ 

(m, gA′ 
))

master equation:

 and the experimentX



Beyond the dark photon

9

mA′ 
→ mX

ε
A′ → X

gX

→ σX(m, gX) BRX→ℱ(m) ε(τX(m, gX))
σA′ 

(m, gA′ 
) BRA′ →ℱ(m) ε(τA′ 

(m, gA′ 
))

= 1

σX(m, gX)
σA′ 

(m, gA′ 
)

BRX→ℱ(m)
BRA′ →ℱ(m)

ε(τX(m, gX))
ε(τA′ 

(m, gA′ 
))

master equation:

only  dependentX

 and the experimentX



Ratio of branching ratios

10

perturbative ( ): mX ≫ mf ΓX→ff̄ =
𝒞f g2

X

12π
mx [(xf

V)
2

+ (xf
A)

2]
leptons +  quarks for mX > 2 GeV



Ratio of branching ratios

10

perturbative ( ): mX ≫ mf ΓX→ff̄ =
𝒞f g2

X

12π
mx [(xf

V)
2

+ (xf
A)

2]
leptons +  quarks for mX > 2 GeV

for  and decay to hadrons?mX < 2 GeV



Ratio of branching ratios

10

perturbative ( ): mX ≫ mf ΓX→ff̄ =
𝒞f g2

X

12π
mx [(xf

V)
2

+ (xf
A)

2]
leptons +  quarks for mX > 2 GeV

for  and decay to hadrons?mX < 2 GeV use data + U(3)flavor



Ratio of branching ratios

10

perturbative ( ): mX ≫ mf ΓX→ff̄ =
𝒞f g2

X

12π
mx [(xf

V)
2

+ (xf
A)

2]
leptons +  quarks for mX > 2 GeV

for  and decay to hadrons?mX < 2 GeV use data + U(3)flavor

vector current -  :   

axial current - : hadronic  decays + 

q̄γμq e+e− → hadrons

q̄γμγ5q τ U(3)flavor
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ε(τX(m, gX))
ε(τA′ 

(m, gA′ 
))

signature

invisible

prompt

displaced 
(long-lived)

≈ 1

1 − e−t̃/τX

e−t̃0/τX − e−t̃1/τX

e−t̃0/τA′ − e−t̃1/τA′ 

ε(τ′ A) ≈ 1

t̃1 = t̃0(1 + Ldec/Lsh)
ε2

maxϵ[τA′ 
(ε2

max)] = ε2
minϵ[τA′ 

(ε2
min)]

(finding the average boost) 
LHCb provides the expected limits
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•Recasting of dark photon searches can be easily done by 

DarkCast for spin-1 models. 

•Can be also use for assign projection for different models based 

on dark photon reach. 

•In principle, other BSM scenarios can be recasting on similar way.

https://gitlab.com/darkcast/
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True muonium



True muonium at LHCb

31 Cid Vidal, Ilten, Plews, Shuve, YS, PRD 19 

Never observed!

true muonium ( ) =  bound state𝒯ℳ μ+μ−
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the 13S1 state (spin-1) is a “dark photon” like state
m𝒯ℳ = 2mμ − BE ≈ 211 MeV ℒ ⊃

ε
2

FμνF′ μν

Never observed!

but it is dissociated due to muons detector material interaction

ε𝒯ℳ = α2/2 ≈ 2.7 × 10−5

similar search strategy as dark photon

true muonium ( ) =  bound state𝒯ℳ μ+μ−
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Never observed!

similar search strategy as dark photon
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cτ𝒯ℳ ≈ 0.53 mm , σmee
≈ 20 MeV

dominant production
η → γ 𝒯ℳ → γ e+e−
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cτ𝒯ℳ ≈ 0.53 mm , σmee
≈ 20 MeV

displaced  
resonance

e+e−
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case (ii)signal

background

signal + background

dominant production
η → γ 𝒯ℳ → γ e+e−

reconstruct: e+e−γ

expect  (discovery) within next LHCb run ( )5σstat 15 fb−1
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