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1 mass of the dark photon, mA′ , and mixing, g, are free parameters
2 the dark photon couples like the photon, modified by g
3 if mA′ < 2mDM then dark photon decays visibly

• what happens if 2 and 3 are relaxed?
• require mA′ , g, 12 fermion couplings, and a dark width
• dark photon limits can be recast to any general vector model
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HL-LHC Dark Photon arXiv:1812.07831
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https://arxiv.org/abs/1812.07831


HL-LHC Yellow Report arXiv:1812.07831
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HL-LHC Yellow Report arXiv:1812.07831
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HL-LHC Yellow Report arXiv:1812.07831
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Some Comments

• this summary plot is unusual, mixes the minimal model with a
specific model

• in the minimal model, the Higgs channel has no sensitivity since
BH→γγ ≈ 1% and σH ≈ 55 pb

• in contrast, Bη→γγ ≈ 40% and ση ≈ 1000 mb
• direct Yukawa coupling (mA′ dependent) also has limited

sensitivity
• the BH→A′A′ ≈ 10% was chosen by existing BH→invisible limit
• focus was on HL-LHC, so no other projections shown
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Physics Beyond Colliders arXiv:1901.09966
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https://arxiv.org/abs/1901.09966


Physics Beyond Colliders arXiv:1901.09966
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Physics Beyond Colliders arXiv:1901.09966
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Snowmass
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Some More Comments

• both Physics Beyond Colliders and Snowmass only show minimal
models

• coupling rather than coupling squared used
• limits vary on space being highlighted
• proposed experiment space is messy, requires some organization
• Physics Beyond Colliders chose three plots: summary, relevant

near term, relevant long term
• the Snowmass plot is being reworked, but will most likely remain

as a single plot with some timescale indication
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DarkCast

• recast to any general model, e.g. 27 free parameters
• models with axial couplings can now be recast!

• available at
gitlab.com/darkcast/releases

• accompanying papers Serendipity
in dark photon searches and Axial
vectors in DarkCast

i m p o r t d a r k c a s t
m o d e l = d a r k c a s t . L i m i t ( " B _ b o s o n . py " ) # Load a model .
l i m i t = d a r k c a s t . L i m i t ( " L H C b _ A a i j 2 0 1 7 r f t _ d i s p l a c e d " ) # Load a l i m i t .

# Recast the l i m i t .
r e c a s t = l i m i t . r e c a s t ( m o d e l )

# Write out the r e c a s t .
r e c a s t . w r i t e ( " d a r k c a s t . l m t " )

# Plot the r e c a s t .
f o r x , y in r e c a s t . p l o t s ( ) : p y p l o t . f i l l ( x , y )
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https://gitlab.com/darkcast/releases
https://link.springer.com/article/10.1007/JHEP06(2018)004
https://link.springer.com/article/10.1007/JHEP06(2018)004


How it Works

• given (m, gA) for model A, solve to find (m, gB) for model B

σA(m, gA)BA(m)ε
(
τA(m, gA)

)
= σB(m, gB)BB(m)ε

(
τB(m, gB)

)
• absolute values can be tricky, ratios are easier

σA(m, gA)
σB(m, gB)

ε
(
τA(m, gA)

)
ε
(
τB(m, gB)

) BA(m)
BB(m) = 1

1 branching fraction ratio: use Rµ and a
(s)
1 from data

2 cross-section ratio

V ∈ (ρ, ω, φ,K∗, K̄∗) generated from U(3)V

3 efficiency ratio: define proper time fiducial region with t0 and t1

ε(τ) = e−t0/τ − e−t1/τ
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Ratio of Hadrons to Muons
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Spectral Functions from Tau Decays

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6√
s [GeV]

10−2

10−1

100

101

sp
ec

tr
al

fu
n

ct
io

n

a1

v1

as1

vs1

Ilten Summary Plots 16 / 19



An Example - 2 Higgs Doublet (Current)
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An Example - 2 Higgs Doublet (Future)
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Some Closing Comments

• deciding on the summary plots is hard
• formatting the summary plots is hard
• both depend on the purpose of the exercise
• technically producing the plot can be less hard
• tools like DarkCast hopefully make this easier
• if there are missing projections/limits in DarkCast, send them

my way!
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