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Dark photon: introduction

Motivation:
➢ Important candidate for the dark sector

➢ Hidden sector couplings and mass generation mechanisms

Gauge boson from U(1)D couples to Z by kinetic mixing ε

Whose mass generated from Dark Higgs hD
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𝒁𝝁 → 𝒁𝝁 − 𝜽𝒁 + 𝜺𝒕𝒂𝒏𝜽𝑾 𝑨′𝝁
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Introduction: Benchmark model
A new kind of rare Z decay mode: Z → A’ hD (hD is the dark Higgs)

Parameters

ε αD MA’ MhD

Decay rate for Z → A’  + hD ∝ αDε2

Assumptions:

(Minimal kinetically mixed)

• Br (ℎ𝐷 → 𝐴′ 𝐴′) = 100%

• A’ is the lightest BSM particle

• Br (𝐴′ → 𝑆𝑀 𝑓 ҧ𝑓) = 100%
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𝓛𝒊𝒏𝒕 = 𝒈𝒉𝑫𝑨′𝒁𝒉𝑫𝑨𝝁
′ 𝒁𝝁

𝒈𝒉𝑫𝑨′𝒁~2𝑒𝐷𝜃𝑍𝑐𝑜𝑠𝜃ℎ𝑚𝐴′
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|𝝏𝝁𝒉𝑫 − 𝒊𝒆𝑫𝑨′𝝁𝒉𝑫|
𝟐

Focusing on the on-shell cases:

MA’ (10 ~ 40 GeV) < MhD (20 ~ 70 GeV)

Signal: 4l (e/μ, decayed from on shell A’s) + X



SM Backgrounds
Prompt backgrounds:
• Inclusive Z/ZZ→4l, Higgs, tri-boson, ttX

Non-prompt (fake) backgrounds:
• Fake leptons from Z+jets / tt / WZ, poor modeling

• Data driven fake factor method

Validation region defined to check BKG modeling
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➢ Fake enriched (Z+jets) region defined to calculate 

fake factor

➢ Apply fake factors to events with loose leptons



Signal Region
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Yields (139fb-1):

• qqZ/ZZ ~ 36

• ggZZ ~ 3

• Other BKGs << 1

• Signals ~ 7

Promising sensitivity! <Mll>

Signals (MhD = 40 

GeV) are under 

αD = 0.1; ε = 10-3

Soft leptons!

Very low Pt requirement:

Muon:     Pt > 3 GeV

Electron: Pt > 6 GeV



Uncertainties
• Statistical uncertainties

• Experimental systematics

ID, Isolation, Pt resolution

Pile up / Luminosity

Global trigger efficiency

…

• Theoretical systematics

QCD scale

PDF + αS

Generator tune

Parton showering

High order Z Pt correction

…
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Preliminary limit setting
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αDε2

10 -7

10-7

PHYSICAL REVIEW D 97, 015009 (2018) 

✓ Asimov data fitting

✓ Upper limits

αDε2 ~ 10-7

Better than theory prediction

Comparable with limits set by CMS/LHCb
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