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Majoron dark matter and the BAU
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Based on works with Ying-quan Peng, Hai-jun Li, Ming-jie Jin and Yue Wang




There is no well-known mechanism for
the mass generation of ALP, except the
QCD axion.

We present a mechanism for the mass
generation of Majoron via the type-lI
and the type-ll seesaw mechanism.
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New physics beyond the SM-dark matter

Evidence of dark matter

Power spectrum (uK?)
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What is dark matter?

Neutral, non-baryonic, weakly interacting particle!

Interactions

1024 T T T T T T T T T T T T T T T T T T
- 0t F i
Particle Zoo
w5 F
mass - =2.3 MeV/c? =1.275 GeVi/c? =173.07 GeV/c? 0 =126 GeV/c? 101: B ﬂ
charge > 273 u 213 C 213 t 0 0 H 109 - Q-ball
spin > 1/2 12 12 1 g 0 106 L ¥ .
. -~
up charm top gluon g'c')ggﬁ 10° [ &
10° F -
=4 8 MeV/c? =95 MeV/c? =4 18 GeV/c? 0 E
—_ 10'3 L . D
3 d 3 S -3 b 0 o neutrinos WIMPs : oC
» " " 1 4 mEmmEEEE O 10°f neutralino 21
9| O
down strange bottom photon s 10 KK photo =
B~ 102t branon X
LTP g
0.511 MeVic? 105.7 MeV/c? 1.777 GeVlic? 91.2 GeV/c? 10'15 - Q-
(a1]
- e o u -1 T Y 10‘18 I~ by
112 112 112 1 21 o
107
electron muon tau Z boson 10-3‘ L axion T axino
<2.2 eVic? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeVic? 10-27 B Sllper“?m‘IPS .
-m - - .
0 -I)e 0 ])p, 0 1)'[ +1 W 10 . fu_Z_Zy CDM l gravitino
12 12 112 1 10 [ ! : KK graviton
electron muon tau -36 | ] 5
neutrino neutrino neutrino W boson 10 - EIE
10- Co ! ] ] 1 1 1 1 1 1 ] ] 1 1 1 1 1 L]

107107107 10107101010 10° 10° 10° 10° 10° 10° 10° 10" 10" 10

mass (GeV)

What we concern: construct a DM theory
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Where we start from? v physics

OProperties of neutrinos are similar to these of dark matter
ONeutrino is a hot dark matter candidate
OSterile neutrino is typical warm/cold dark matter candidate

OThe sighal of neutrino in direct detection experiments is similar to that of DM
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Neutrino mass generations

History: Majorana neutrino mass from the dim-5 Weinberg operator k_ ﬂf gHHTf fc
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Majoron & neutrino mass via type-l seesaw

Type-l seesaw + spontaneous breaking U(l); symmetry

T o 1
Zpsm = (aMCI>> (0"D) + pug @ '@ — 1, (P D) — AH(P'P)H'H) — [YNKLHNR T ENRC <YM(D -+ m) N.+h.c. ]

LNV term!
¢+
. v.+ S +1a
H=|rtdti O = a: Majoron
V2 V2
Yukawa Interaction —YNFLHNR — M, = YNv/\/§
Key term: mNgNp+h.c. Quantum Gravity effect!

WEI CHAO 6



Majoron interactions and Majoron mass

Field-dependent phase transformation
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Majoron interactions and Majoron mass
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Majoron mass and its relic density
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Majoron mass and its relic density
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Baryon asymmetry of the universe

Weinberg operator

m]TgNR +h.c. % LNV carried by 9 H Non-zero B-L ,

Chern-Simons operator

Non-zero B-L % BAU
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Baryon asymmetry of the universe
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Baryon asymmetry of the universe
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Majoron & neutrino mass via type-ll seesaw

Type-ll seesaw + spontaneous breaking U(l); symmetry
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Majoron & neutrino mass via type-ll seesaw

Gauge boson masses 012
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Majoron & neutrino mass via type-ll seesaw

Sequential breaking of various symmetries
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...... NeUtrmomasswe
EWSB scale fa y«)l. T
Temperature
(M) = YasVal V2 - of Universe

- \/z,uvq%vA(v(/% -+ 4v§) ,uvq%vA
2v5(vx +vi) +8vgvy /22 |

n,

WEI CHAO



For experts of axion physics

Majoron mass should arise from cosine like potential!
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Majoron DM—oscillation time
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Majoron DM—simulations

Equation of motion 0 + 3HO + mg(T)é’ = ()
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Majoron DM—Relic Density
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Majoron interactions from mixings

Interactions with scalars
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Majoron interactions from anomaly

Schemas £, — 6—2—ny }
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Majoron interactions from anomaly

Interactions in mass eigenstates
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Neutrino oscillationin M

ajoron star
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Direct detections of Majoron DM

Differential event rate

Boosted Majoron by supernova v
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Energy deposited w

Direct detections of Majoron DM

Direct detections in condensed

matter systems

DM mass|DM energy or momentum CM scale
50 MeV Dy ~ 90 keV zero-point ion momentum in lattice
20 MeV E, ~ 10 eV atomic ionization energy
2 MeV E, ~1eV semiconductor band gap
100 keV b, ~ 50 meV optical phonon energy
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Summary

We have proposed a novel mass generation

Issue-I: mechanism for Axion-like particles: explicit

Issue-li

WEI CHAO

global symmetry breaking - ALP mass

We have presented two very simple and
natural models that can address the neutrino
mass, the dark matter problem and the BAU
simultaneously!

Thank you for your attention!
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