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1 broken U(1) gauge symmetry in dark sector
2 allow mixing between dark and SM hypercharge fields
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Introduction

Dark Photons
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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 an invisible width
• dark photon limits can be recast to any general vector model
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Introduction

Parameter Space
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Introduction

Lifetime
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Introduction

Search Strategies

displaced prompt

target

shield detector

beam

detector

beam

• sensitive to long lifetimes
• EM background free
• difficult to normalise

• sensitive to shorter
lifetimes

• bump hunt on large EM
background

• normalised from sidebands

• do both simultaneously for best of both worlds
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Introduction

Production: Electron Bremsstrahlung
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Introduction

Production: Proton Bremsstrahlung
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Introduction

Production: Hadron Decays
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Introduction

Production: Electron-Positron Annihilation
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Introduction

Decay Products
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Searching in Theory

Searching with LHCb
in theory . . .

Ilten, Soreq, Thaler, Williams, Xue
Phys. Rev. Lett. 116, no. 25, 251803 (2016)

Ilten, Thaler, Williams, Xue
Phys. Rev. D 92, no. 11, 115017 (2015)
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Searching in Theory
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1 good momementum and
mass resolution

2 excellent secondary vertex
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Searching in Theory

Good Backgrounds (prompt)
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Searching in Theory

Signal (prompt and displaced)
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Searching in Theory

Bad Backgrounds (prompt)
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mis-ID (π as µ) Bethe-Heitler

Nsignal is not proportional to Nbad

LHCb mis-ID probability ≈ 1 out of 1000
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Searching in Theory

Production in Theory
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Searching in Theory

Reach (prompt) in Theory
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Searching in Theory

Bad Backgrounds (displaced)

p

p

SM

SM

µ+

µ−

B-meson

D-meson

γ

material

µ+

µ−

heavy flavor material interactions

Nheavy ≈ 10000 per 4δm

Ilten Dark Photons 19 / 35



Searching in Theory

Reach (displaced) in Theory
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Searching in Theory

Full Reach in Theory
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Searching in Practice

Searching with LHCb
in practice . . .

LHCb Collaboration
Phys. Rev. Lett. 120, no. 6, 061801 (2018)

LHCb Collaboration
JINST 13, no. 06, P06008 (2018)
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Searching in Practice

Real Data (prompt)
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Searching in Practice

Limits (prompt)
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Searching in Practice

Real Data (displaced)
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Searching in Practice

Limits (displaced)
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Beyond

Dark Photons
and beyond . . .

Ilten, Soreq, Williams, Xue
JHEP 1806, 004 (2018)
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Beyond

Darkcast

• recast to any general model, e.g. 15 free parameters

• available at
gitlab.com/philten/darkcast

• accompanying paper
Serendipity in dark photon
searches

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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Beyond

The Master Plan

• 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 cross-section 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: hidden local symmetries
2 cross-section ratio: hidden local symmetries

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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Beyond

B Boson
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Beyond

B Boson
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Outlook

Outlook
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Outlook

CODEX-b (Phys. Rev. D 97 (2018) no.1, 015023)
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Outlook

CODEX-b (Phys. Rev. D 97 (2018) no.1, 015023)
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Outlook

Conclusions
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90% CL exclusion regions on [m(A′), ε2]

• dark photons are a powerful tool for general hidden sector searches
• LHCb search with ≈ 4% of Run 2 + Run 3 data is promising
• Darkcast is a (hopefully) one-stop shop for recasting:

gitlab.com/philten/darkcast
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Appendix

Data Taking

detector

hardware

software disk
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Appendix

VELO Sensors
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Appendix

RF Foil
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Appendix

Bad Backgrounds (displaced)
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Appendix

Widths

• width can be calculated perturbatively for fermions

Γff (m, g) =
g2cfQ

2
f

12π m

(
1 +

m2
f

m

)√
1− 4

m2
f

m

• cf is 1 for charged leptons, 3 for quarks, and 1/2 for neutrinos
• Qf is the model coupling for that fermion

• but . . . below 2 GeV this prediction is no longer reliable
• use data instead!

Γhadrons(m, g) = Γµµ(m, g)R(m)

• R(m) is σ(ee→ hadrons)/σ(ee→ µµ)
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Appendix

Beyond Leptons
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Appendix

Hidden Symmetries

• but what about flavour dependent couplings?
• use hidden local symmetries framework for VMD
• vector mesons V ∈ (ρ, ω, φ,K∗, K̄∗) are gauge bosons of hidden
U(3)V symmetry

• vertices take the form PV iV j with P from the pseudoscalar nonet
P ∈ (π, η, η′,K, K̄)

Tr(TV i , TV j , TP )

• T are the meson generators, e.g. Tω = 1
2(1, 1, 0)

• external gauge fields mix through V

Tr(TV , Q)

• Q is the fermion coupling vector (Qu, Qd, Qs)
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Appendix

Vector Decomposition

ΓF (m) = g2

12πm
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cV icV j Tr(TV i , Q)Tr(TV j , Q)RVF (m)
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Appendix

B − L Boson
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Appendix

B Boson
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Appendix

Protophobic Boson
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Appendix

Production Ratios

• electron-positron annihilation and electron bremsstrahlung

σA(m, gA)
σB(m, gB) = gA

2QeA
2

gB2QeB
2

• proton bremsstrahlung

σA(m, gA)
σB(m, gB) = gA

2(2QuA +QdA)2

gB2(2QuA +QdA)2

• hadron decays of the form X → Y A

σA(m, gA)
σB(m, gB) = gA

2∑
V Tr(TX , TY , TV )Tr(TV , QA)BWV (m)

gB2∑
V Tr(TX , TY , TV )Tr(TV , QB)BWV (m)
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Appendix

LHCb Production Fractions

• templates taken from Monte Carlo and fit against LHCb result
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Appendix

Efficiencies

• define proper time fiducial region with t0 and t1

ε(τ) = e−t0/τ − e−t1/τ

• for prompt limits, t0 = 0 and t1 depends on the boost

t1 = Lmax
γ

• for displaced beam-dump limits, relate t0 and t1

t1 = t0 + Ldetector
Lshield

→ upper and lower limits are solutions, equate and solve for t0:

σ(m, gmax)B(m)ε (τ(m, gmax)) = σ(m, gmin)B(m)ε (τ(m, gmin))
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Appendix

B − L Boson
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Appendix

B Boson
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Appendix

Protophobic Boson
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