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* |ntroduction to ultralight bosonic dark matter
e ALP DM search via Hybrid-Spin Resonance
e Scalar DM search via dark mediator
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We are at a cross road

e Standard Model e Dark sector
=fermions+force =DM+dark

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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QCD axion WDM limit unitarity limit
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““Ultralight” DM ““Light” DM WIMP  Composite DM Primordial

(Q-balls, nuggets, etc) black holes

non-thermal {dark sectors
bosonic fields ! sterile v
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e Ultralight: m < keV
e Bosonic: Pauli-exclusion for fermonic DM

...... e Behave as classical fields (m < O(1) eV)
. . ... e Typical models:

e e Pseudo-scalar: Axion, Axion-like Particle
S * Dark Scalar: dilaton-like coupling

...... e Vector: kinetic mixing dark ph4oton, U(1)p_; dark photon etc



» 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?
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e ALP DM search via Hybrid-Spin Resonance
e Scalar DM search via neutrino oscillation
e Scalar DM search via dark mediator

* Summary
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Coupling to
axion nuclear
moment
Creates

e Axion couples to nucleon

...... K 5= EaNNV/ 2ppp €OS (mat) V- oy




* Axion couples to SM particles

R —
I ¢ = 8N\ 200m €08 (myt) V- T =7Byp- 0 of //gm
)
* Oscillate the mass at Larmor frequency / J—
E)ALP = g.vNvV 2PpMm €OS(m 1) = g .nv\/ 2PpM COS(@,7)
] (a.2) Si nanzMxy
 Bloch Equations g
dM — — V[Bpl=Wa
dt Frequency (Hz)
oottt Time varying Axion Bp| p drives spin precession

- - - -+ — produces transverse magnetization



Detection OfgaNN i

transient

exotlc field
pump
light
atomic vapour

‘ polarisation rotation
v >
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Comagnetometer

 Alkali atoms and nobel-gas atom
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" Rb. .’/ Strongly coupled

e Smaller amplification but with much wider resonance

amplification lost

ChangE experiment: Kai Wei,
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Hybrid Spin Resonance SEESEESEEESS

e Spin-exchange Optical Pumping:

4 ™
o+ pump light <\Rb> ~100% Q{/I

Ngo,  ~23%

Method: tune external B field to make Larmor frequency
. e\
equal (HSR region)

Dalkali = Yalkali (Bext "‘Bnoble)

onoble = noble (Bext + Baikali )| “["

«  Non-HSR
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Stochastic nature of ULDM oLl

* Random phase in different p mode

fr—

2N,
Va(x) =) Vo, COS(Wpt — p - X w* ¢, is uniform random variable in [0, 2P]]
A

e Signal is stochastic instead of deterministic 1905.13650. NC 2021
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2 - 2 5 2
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Stochastic DM

Signal Signal Analysis
HSR Time Domain Frea Domain
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... e The experiments has long duration at single working point

e Data-1 = 209 hr, Data-2 = 4 hr (underground)
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e Scalar DM search via dark mediator

e Summary



Dark matter-SM mediator

« StandarModel « Dark Sector
=fermions+force =DM+dark mediator

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
| Il 1l
f‘r—
mass =22 MeV/c? =128 GeV/c? =173.1 GeVic? 0 =125.09 GeV/c?
charge % ¥ % 0 0
@I @I @| @ | @
u charm to luon higgs
P L JUP A - i
=4,7 MeVI/c? =06 MeV/c? =4.18 GeVic? 0
— =14 =1 -3 0
' QI @I @ @
_Jv v e
L down J k strange L bottom photon
‘ J J
Matter
=0.511 MeV/c? =105.66 MeV/c? =1.7768 GeVic? -91 19 GeVic? m &
-1 -1 -1 3
Z .'
O @ @|f @3
electron muon tau Z boson 8 2
k v k - 1\ J L o)
2 (00 7
2 <2.2eVic? <1.7 MeVic? <15.5 MeV/c? =-80 39 GeVic? LU 8
O 0 0 0 O o o
o Ol V|| @ =Fe -
(..
] electron muon tau <L O Th d k .t
—) | neutrino || neutrino || neutrino LW boson (GRS e Ol’ SGC OI’
> [ ] ® o ® [ ]
J [ J ® [ J L J [ ] ‘
D L L ] L ] L ] L ]
" [ J ® [ ] [ ] L]
J [ ] ® [ ] [ ] [ ]
D ® [ ] [ ] [ ] »
> [ ] [ J [ ] [ ] o
J [ ] - L] [ ] ®
J [ J [ ® [ ®
J ® [ J [ ] [ [ J 1 6
] [ ] ® ] [ ] [ ]



Oscillating A’ from wave-like DM .o

- Wave information to A’
& 2
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- 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

b 1My = 1

, 2 ]
| 0 PbM 80, 107%V 0.1GeV \ |
t K = . . ;
N 0.3GeV/cm? 1.5%x 108 my,

nnn | mR) =m0+ kcosi(my)




» Oscillating property

mj(t) = mg(l + Kcosz(m¢t))

= mj,(t + 7)
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» A kinetic mixing dark photon A" with U(1)" interaction
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e General dilepton process
ete” > yA A" > ete /utu~

e BaBar data PRL 113, 201801 (2014)
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Recast BaBar experi

TTraditionaI single-peak analysis

e (mz> =N (mA’ — m |
* Double-peak analysis

« Recast result:
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- e
Beam Dump Experiments i
« ldump . lsh . ldec
beam
|| I— hABEEESHIRESERREREERRREPRESRE] e --------- Beam axis
Beam Dump Shield Veto Decay Volume Detector

(water) active (magnetic) or passive

e General event number:
2
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m2,
A

e Including oscillation eftect

14+ xm
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. BaBar

Double—peak method k=24
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» Oscillating property

mj,(t) = n”z(z)(l + Kcosz(m¢t))
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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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* Double-peak Method . ) |
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Summary SESSESEEEE

* The particle property of dark matter is important issue.
 Ultra light dark matter has important motivation.

« ChangE experiments set competitive limits on ALP-nucleon
couplings

« Time dependent method can improve the experiment sensitivity by a
few orders

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

......
......
......
......
......

...... 30



