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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), couples to Z by kinetic mixing &
Whose mass generated from Dark Higgs hy \
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Introduction: Benchmark model
A new kind of rare Z decay mode: Z — A’ hy (hy Is the dark Higgs)
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Assumptions: ; B 19hp — tepA ' hp
(Minimal kinetically mixed) \ Line = G, ar7hpALZH
« Br(hp - A" A") =100% npa'z~2ep8zcos0,my
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e A’isthe lightest BSM particle Parameters

e ag M, My
* Br(4" - SMff)=100% Decay rate for Z > 4’ + hy o ae?

Focusing on the on-shell cases:
M, (10 ~ 40 GeV) < M, (20 ~ 70 GeV)

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

Prompt backgrounds:

* Inclusive Z/ZZ->4l, Higgs, tri-boson, ttX
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Non-prompt (fake) backgrounds:

«  Fake leptons from Z+jets / tt / WZ, poor modeling
« Data driven fake factor method

» Fake enriched (Z+jets) region defined to calculate

fake factor

» Apply fake factors to events with loose leptons

Validation region defined to check BKG modeling
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Signal Region

Trigger Fire at least one of the unprescaled lepton trigger

Niepton = 4 At least 4 leptons (e, u)

From Z For all OSSF Quadruplets, my; < mz — 5GeV
SOft |ept0n5! Has at least one OSSF Quadruplet
Ve ry IOW Pt requ | rement: Nguaa =21 If has more than one Quadruplet, choose the one with min |m;1;0 — m3;4]

Label the pair with larger mass as m;;;, the other one as m;3;4

Muon: Pt > 3 GeV ARy In the selected quadruplet, AR > 0.1(0.2) between SF (OF) leptons
Electron: Pt > 6 GeV On Shell i/ M > 0.85

J /[y veto In the selected quadruplet, the mass of OSSF pairs must be larger than 5GeV

The mass of OSSF pairs must be out of the Y mass range
Y(bb) veto [my(ls) - 0.7, ny (3s) + 075] GeV
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Uncertainties

Statistical uncertainties

Experimental systematics
ID, Isolation, Pt resolution
Pile up / Luminosity
Global trigger efficiency

Theoretical systematics
QCD scale

PDF + ag

Generator tune

Parton showering

High order Z Pt correction
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Pre-fit impact on p:
6=0+A0 | 0=0-10

Post-fit impact on u:
6=0+A0 1 0=20-A0

—e— Nuis. Param. Pull

u(qaZZ)
TriggerEffScale

Muon Isolation Syst.
BKG_Ren_Fac_Scale
Muon Reco LowPt Syst.
Electron Reco

lumi

Electron Isolation
Electron ID Corr. NP14
Muon Reco LowPt Stat.
BKG_MC_Gen.
SGN_P.S.

Electron ID UnCorr. NP3
Muon TTVA Stat.
Electron ID UnCorr. NP2
Muon Isolation Stat.
Electron ID UnCorr. NP11
SGN_NLO_ZPt
SGN_Ren_Fac_Scale
Electron ID UnCorr. NP1
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Preliminary limit

setting
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Dark photon mass [GeV]

137 fb' (standard triggers) and 96.6 fb' (scouting triggers) (13 TeV)
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