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light particles beyond the Standard Model, including light gauge boson, light
scalar, light dark matter, axion, light sterile neutrinos, and dark energy fields.
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Dark matter mass range

Dark Sector Candidates, Anomalies, and Search Techniques
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Dark matter mass range

Dark Sector Candidates, Anomalies, and Search Techniques
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eCusp vs Core problem

v Parameterize density profile as p(r) o< r~“. Observation shows a ~ 0
. but simulation predict 1 < a < 1.5

e\Missing satellites problem

v Milky Way seems to have fewer satellite galaxies (23) than expected in
CDM simulations (~100-1000)

® [00 big to fail problem
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» Misalignment mechanism

¢ +3Hp+myp =0

e Classical Solution for wave-like dark matter
P(t) = ¢, cos <m¢t> + ¢, sin <m¢t)

* Dark matter local density

PpMm ~ (‘451‘24‘ ‘sz‘z) m;

::ll1  How to search for ultra light DM?



« StandarModel
=fermions+force

Standard Model of Elementary Particles

three generations of matter

(fermions)

interactions / force carriers
(bosons)
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Dark matter-SM mediator

« Dark Sector
=DM+dark mediator

Dark

Matter

| Phys.Rev.D 97 (2018) 4, 043001 §
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Oscillating A’ from wave-like DM .o

- Wave information to A’
g 2
(D) Do > (80,) drapaa”
- Oscillating information of A’
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Oscillating A’ from wave-like DM .o

. Wave informationto A’
& 2
(D) Do > (80,) drapaa”

 For simply connect to UV model

arg [¢1] = arg [4’2] or ¢, =0

2 (gp
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m¢m0
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» Oscillating property

mj(t) = my(1 + Kcosz(m¢t))

= mj,(t + 7)
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Oscillating A’ from wave-like DM .o
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» A kinetic mixing dark photon A" with U(1)" interaction
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Prompt dilepton final states

e General dilepton process
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e BaBar data PRL 113, 201801 (2014)
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Recast BaBar experimentresult ------------

PRL 113, 201801 (2014)
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Recast BaBar experiment result

TTraditionaI single-peak analysis

Je (mz)

Double-peak analysis
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- e
Beam Dump Experiments i
« ldump . lsh . ldec
beam
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(water) active (magnetic) or passive

e General event number:
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e Including oscillation eftect
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Double- peak analysis result
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» Oscillating property

(1 + Kk cos*(my))
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- Background event number




* Result with time-varying
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« CMS open data 2012
pp = ¢, 8TeV, ~ 10 b~

* Luminosity is not constant
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CMS open data SESESSE

- Oscillating A’ property

N; = ¢\¢, Lﬂ resi L
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« CMS differential event number
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* Double-peak Method
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* Time-dependent Method
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Summary SESSESEEES

* Time-varying resonant mass and found it can lead to double-peak
feature in the invariant mass spectrum

* The mass spectrum is independent of time as long as the oscillation
period is short compared with the variation time scale of instant
luminosity

* For mass around tens of MeV, the already excluded muon (g — 2)u
solution from A’ becomes viable

* Time dependent method can improve the experiment sensitivity by a
few order

* We use the real collider data for a time-dependent resonance search
and justify that our method works as expected
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