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pNG DM Direct detection status

Status of direct detection experiments
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m LZ gives the strongest bound 2.2x107™* cm? at 43 GeV.
m Need a mechanism to evade for thermal DM
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m QOh? =0.12
& ov ~ 107%cm3/s
& g ~ 10730 cm?
(0o < 107" cm?)
(loop)
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The pNG DM model

m Introduce a complex scalar field S = (s + zx)/\/i (DM: x)

m Global U(1) symmetry is assumed (invariant under S — ¢'“S)

2 2 2\ A\
V=L - 2]+ S H[ + Ausl HPISP + 5|5

12
_ (’Z_SSQ + H.c.) < soft breaking mass term

m After H and S get VEVs, ¢ and s mix
Vst st

"= <(v+g)/\@>’ T/

¢\ [ cosO sinf hq
s ) \ —sinf cosé ho

msinf < 0.3 < Constrained by EWPT, h, direct search at LHC
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Direct detection (tree level)

Dark Matter X -—_ _ - X
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m Scattering amplitude cancels between A, ho mediated diagrams
2 2 2( 02 2
m m g (m; —m;7 )
: : h h : h h
M~ | —5 — 5| ~i —s—— — 0
= My, qm =y, My, M,

= Naturally evade the direct detection bounds

m [ he cancellation is due to nature of Goldstone boson
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Direct detection (1-loop level)

m Constant amplitude at 1-loop level
(1) (i)

m (i) self-energy correction
m (ii) vertex correction
m

(iii) box and triangle  — two Yukawa couplings
(sub-dominant)
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Numerical calculations
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msinfd =0.1
m Unitarity bound: \g < 87/3
m Higgs Invisible decay Br(h; — inv) < 20% at LHC
m o, = O(107") cm? at most
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Possible extension of the pNG DM model

60

Gauged U(1)p_1, extension

- Solution for domain wall problem - Neutrino masses
- Origin of soft breaking term - Gauge coupling unification
pdS? = 11(P)S* = p&S’ f
SO0 pNGBmodel 3 <
: - .
| g /
_ p
Z/
i
m Prediction: DM decay

e S S ot R — indirect detection signals
1000 107 10 1013 10"
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Parameter space
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mU/vs ~ g
m 7, > 10°" sec
m Fermi-LAT: yx — bb, WIWW — gamma production

m close to the hy resonance
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pNG DM Other variations of pNG DM

Other variations of pPNG DM models
m THDM + S with global U(1)

= Gravitational waves from strong 1st order phase transition

m Various pPNG DM models

DW problem | stable/decaying | real/complex | Landau pole
Global U(1) X stable real v
Gauged U(1)g, v decaying real v
SO(10) GUT v decaying real v
Hidden gauged U(1) v decaying real v
Global SU(2) with gauged U(1) v stable complex X
Gauged SU(2) v stable complex v
Gauged U(1) with 2 scalars v stable real v

m No domain wall
Two component DM = production of boosted DM
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How to probe pNG DM

m PNG DM can be detectable if boosted by some mechanism.
0. o< g* = strong enhancement of signals = v detectors

m Boosting mechanisms
- Semi-annihilations
- Decay or annihilations of heavy particles
- Up-scattering with high energy cosmic-rays
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pNG DM Summary

Summary

Dark matter direct detection experiments impose the strong bounds on

the scattering cross section.
Wayout: suppression of scattering = pNG DM

Further extensions of the pPNG DM model have been proposed.
Strong pNG DM signals are expected if DM is boosted.
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