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New results on Direct Dark Matter
Search from Lux and PandaX-l|

This work (Run8+Run9)
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Standard Model for Cosmology

Inflation+FRW Big Bang +Cosmological Constant
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DM relic density, detection
and DM production at colliders

Dark MaHer search stvategies

Efficient production now
(Particle colliders)
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Efficient scattering now Indivect Method
(Direct detection) .h
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Status of the Simplest Dark Matter Model

Standard Model of Particles
SU(3) X SU(Z) X U(1)

Inward Bound
Leptons Quarks

None of the SM particles can play the role of DM




DM Candidates in Particle Physics

® Many many candidates
in fact

® Wide ranges of mass
and coupling strengths

If one tries to solve
hierarchy problem,
weak scale DM is well
motivated

Strong CP motivated
axion
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A typical Higgs portal model
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The Darkon Model SM+D, the simplest Higgs portal model,
as a realistic realization
SM+D: SM3 + a real SM singlet D darkon field (plays the role of dark matter).
Helacass, P Beyond the SM part, the Lagrangian of the model
Lp = 20"Do,D—ixpD* — LmiD? — AD*H'H .
where Ay, m,. and A are free parameters and H is the

Higegs dc mbl(‘t containing the physical Higgs field A
Only two of its free paraineters besides m, are :

A and the darkon mass mp = (m3 + \v?)1/?

. , £, = Mop_ (mgn.%)\zf?)
D is stable due to a D-> - D Z’, symmetry. 2

N n Ay : pec 1 — (2 1 \n2)1/2
v = 246GeV  vacuum of H. darkon mass m) = (mo + Av ) '

D> - —D*h* - \wD*h .,

A
2

After H develops VEV, there is a term: v DD h.
This term is important for annihilation of D D -> h -> SM particle
This term also induce h -> DD if DM mass is less than half of the Higgs mass

increasing the invisible decay width and make the LHC detection harder!




D is stable, but can annihilate through h exchange

,H(R) LH(R) D——r - H(R) —D— H(h)
f.W.Z h \V/’
W< D D A
H (H) HH) De—dm-- H(H) D—V  NH(H)

- A(HY) D +A(HY)
LW,z h > ><
. mH L
D NAHT) D NA(HT)
8 )\2p? Z' I"(h — ‘\',')
(4772.20 - 'mfh) + e mg 2mp

O.c'il'l n U rel

Vel = 2| D ‘“}/ m, 1s the relative speed of the DD pair in their cm frame,

h is a virtual having the same couplings to other states as h of mass my,

an invariant mass /s = 2m,

L ~0 ) .
(“)[.h.' _ 1.07 x 107 2 f e =~ ko ().038 mpj m“ ('Tm“ rol/
5D —_— - > . —
VGs mpy | (O annVrel) Y GeV ‘ N,
h 1s the Hubble constant in units of 100 km/(s-Mpc), mp, = 1.22 x 10 GeV

r, = mp/T, g, number of relativistic degrees ot freedom with masses less than T,




Direct Search
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Dark matter relic density and direct detection allow
solutions with dark matter mass less than half of Higgs

mass. H -> DD allowed.

The h — DD decay width is given by

| A2
I'(h— DD)= —~"

ST my,

Too large an invisible
branching ratio. This
model is out!

(h—=DD)
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SM+D
my, = 125 GeV
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mp (GeV)




Qpyh2 =0.1189+- 0.0031
If dark matter mass is heavy my > 450 GeV no

problem for both relic density and direct detection.
But is small than m,/2, there are problems with direct

detection and also invisible Higgs decay!




When going beyond the simplest model,
how much one can recover regions ruled out
in SM + Darkon model?

Two Higgs Doublet Models

Depending on how the Higgs doublets (®;=H; and ®,=H,) couple to fermions,
there are different types.

Models which lead to natural flavour conservation. The superscript
i is a generation index. By convention, the uj always couple to &,.

Model U, d, el
Type I @2 @2 (pz
Type Il b, F D1
Lepton-specific D, o2 D,

Flipped D D D




Take THDM Il for illustration.

Ly = —C_QJ.L (Ag)ngQUI,I? - @J.L (/\f)ﬂHlpz.R - Z},IJ(’\{)HHl Eyp + hec.,

Z, symmetry: H, -> - H,, Ug -> - Uy
Other fields do not change sign.

THDMII + D D play the role of DM




Potential: L = - VD -VH

2

0 N2 . AD :
Vp = 2D+ 2 D* + (Aip HIH, + Xy HIH,) D?,

Vy = m?, HIH, + m2, HyH, — (m3, H'H, + H.c.)

+ A\ H!H, HiH, + \,H!H, H}H, +’\2[(HH) + Hel.

Z', ensure D stable: D -> -D, other fields do not
change.
M, term breaks Z,, required by phenomenology
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m}, = mg + (Ap €& + Aop 83)07,
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YV D % mf)D2 ()\,l_h -+ )\HH)DQ‘U
(Aunh?® + 20 g hH + Ay H? + Ay A? + 2) oy H H ) D?
)‘MHIH2 L %’\hAAAQ + Aprp-H H )h'v
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2
( )‘mmhz lAnhlth
( T %/\11.-1.-1/42 +Aygig-H H )HU:

Al = AipCuCs+ Aop Sa83,

AL = A9pCa85— Aip 8,Cs,
2 2 2 2
A = Aip Sy + ApCy s A = AMpCat Aop S5,
2 2
Aaa = Ag+p- = Ap 85 + Agp s,

A = (/\21) - ’\11))0(1%:
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Darkon annihilation

Darkon-N scattering
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Possibilities to have large enough
relic density, but smaller direct
detection of DM




The WIMP-nucleon cross-section in the isospin-symmetric limit can be converted
to the WIMP-proton cross-section, and vice versa, using

o 12y nph A DI 2+ (A 2 )/

“‘|"I'
| \\
i Yy \

If isospin 1s conserved, f, = f . the measurement of event rates of WIMP-nucleus

scattering will translate into the usual o] = o’
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Constraints on the couplings
ATLAS and CMS

Ky = 0.90 4+ 0.09, Kk, = 1.43 352‘ , k| = 0.57£0.16,
kzy = 1.00_g0s, Kk, = 0.81 ::{8: k| = 0-87'8:35

g

081 < kf{f <1, 071 <kl<166, 041 < |k| <099, 081 < [k <1,

02

. . A
k! = 0.264k) — 1.259k{ + 0.151 —hE-4

o2 A" (4771?, ./ mﬁ) :
H

s = ﬁ_’J--
0.90 0.95 1.00
sin( S-a)




Additional constraints on THDM |1+D

The LHC bound on the invisible decay of the 125-GeV Higgs boson
applies to h.

Since the new scalars arise from the presence of a second Higgs
doublet, their effects must satisfy oblique electroweak constraints.

Theoretical requirements on the scalar potential can be important
s Perturbativity

s Vacuum stability

s Unitarity of scalar scattering amplitudes
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Important constraints from LHC:
Invisible width less than 16% rule out DM mass less than about

half of Higgs Mass!
Indicated by balck dashed line.



7\'h = Q.
H is the portal
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There are also considerations from perturbativity, vacuum
stability and unitarity.
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Conclusions

1 In the Simplest darkon model, DM mass below 450 GeV
Is ruled out, except a small region near half of Higgs
mass. There the cross section is close to the neutrino

back ground floor.

In THDM Il + D model, a portion of DM range can be
recovered, but LHC data and also theoretical
considerations from perturbativity, vacuum stability and
unitarity rule out DM mass below 60 GeV if the 125 GeV
Higgs is the DM portal and 100 GeV if a heavy Higgs is
the DM portal.




