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Why we need dark photon?

Evidences of dark matter:

* spiral galaxy rotation curves
* merging clusters and galaxies
e cosmic microwave background
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But there is no dark matter candidate in the SM
Dark matter may not interact with the SM directly, but through some mediator



Why we need dark photon?

* Dark photon provides such connection between the SM and the dark sector

Standard Model matter fields, | dark matter

Higgs & & dark force
g’W!Z! y

through a kinetic mixing between U(1) .+ field with U(1)y field =~ W-Xue, 2016

— Simplest case: one heavy particle | with both EM

charge & dark charge
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Y /
&D A

€4dpD
1672

log 2% ~ 1072 — 1074

generates ¢~ M.

N. Toro, Dark Sectors 2016



Why we need dark photon?

Dark photon provides such connection between the SM and the dark sector

through a kinetic mixing between U(1) . field with U(1)y field
e excess in positron fraction
* peak-like spectrum of cosmic-ray electrons and positrons

P.-H. Gu, X.-G. He, Phys.Lett. B778 (2018) 292
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Light dark photon searches

* Many efforts have been made to constrain the mixing parameter for a dark photon mass
below m,
« Beam damp expeiments, fixed target experiments, low energy e*e™ colliders,
rare meson decays...
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Light dark photon searches

* Many efforts have been made to constrain the mixing parameter for a dark photon mass
below m,

« Beam damp expeiments, fixed target experiments, low energy e*e™ colliders,
rare meson decays...
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Light dark photon searches

Prompt u™u~ @ LHCb W. Xue, 2016

Background from EM process
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Dark photon searches: from light to heavy

* There is no special reason why dark photon mass should be small

* Introducing a singlet S with a non-trival U(1) ,» quantun number s,/

(DuS)H(D"S)

=) My = gaSas/V?2

* Mixing of U(1) ;s and U(1)y can induce mixing between
* photon and dark photon
e Z boson and dark photon
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Figure 2. Dark Photon vs. Dark Z. The dark Z is a dark photon with more general couplings.



Formalism
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Formalism

Diagonalizing it by an unitary transformation U
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Formalism

Jon(VilAy + V122, + EAL) + Jg(%QZ# + TAL)
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Dark photon searches @ ATLAS & CMS

Jon(VilAy + V122, + EAL) + Jg(VQQZ# + TAL)

Direct searches via Drell-Yan process @ ATLAS and CMS (Z' searches)
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Dark photon searches @ future e*e~ colliders

We studied a dark photon with mass as large as kinematically allowed
throughete™ - A'X, A" - utu~
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Dark photon searches @ future e*e~ colliders

Jon(VilAy + V122, + EAL) + Jg(%QZﬁL + TAL)
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Dark photon searches @ future e*e~ colliders

signal: ete™ — vA" — yutp~  main background: ete™ — yutu~

* Interference and off-shell A' contributions are negligible for a narrow A’ resonance

e At CEPC: delphes_card CEPC.tcl
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Dark photon searches @ future e*e~ colliders

signal: ete™ — vA" — yutp~  main background: ete™ — yutu~

Total width

normalized m,+,- distributions _
*  Momentum resolution
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Dark photon searches @ future e*e~ colliders

signal significance:
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Dark photon searches @ future e*e~ colliders

TABLE IV: The values of € corresponding to S/v/B = 2 for m4 = 30 GeV, 115 GeV,
230 GeV and 320 GeV in different channels at the 350 GeV FCC-ee with the integrated

luminosity of 1.5 ab™!. The notation of “aE-b” stands for a x 107,

FCC-ee (350 GeV) |30 GeV|115 GeV 230 GeV 320 GeV
Ty 7.62E-3| 8.47E-3 | 5.26E-3 | 3.81E-3
ete 1.06E-2| 1.62E-2 | 3.28E-2 | 7.74E-3
A 3.40E-2| 3.55E-2 | 1.22E-2 | 7.27E-3

93 0.40E-3| 8.18E-3 | 3.92E-3 | 2.48E-3
Zhny _ — | 3.90E-2 | 2.10E-2
WHW—~ — — 4.05E-2 | 2.21E-2

Also promising in jet final state
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Summary

A coupling of dark photon to the SM can be generated through kinetic mixing

A non-zero mixing parameter € induces a mixing between A’ and Z if dark photon mass
is not zero, which can be large when m,/ close to m; even if € is small

Many efforts have been made to constrain the mixing parameter for a dark photon mass
below m,

We studied the search for dark photon in ete™ — vA" — ~vutu~ for a dark photon
mass as large as kinematically allowed at future e™e ™ colliders
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