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Dark Matter

e 23% of the universe is « We do not know the
DM nature of DM

« WIMP allows the particle
physics explanation of
DM and its creation and
detection at LHC

* One possible WIMP DM
scenario is the

framework of "Hidden
Sector” DM




Hidden Sector DM and Higgs Portal

DM may be singlet under the SM gauge
group=>hidden

» Hidden sector is generic in SUSY or
superstring models

» The renormalizable Higgs can mediate
the interaction between the SM and

hidden sector

“ AL = “MpyoH HO'® M



General Aspects of Higgs Portal DM

Dark matter physics

Collider phenomenology (Higgs search)
EW precision tests

Vacuum stability

Perturbativity



DM physics

« GIM-type cancellation occurs in the DM annihilation
and scattering cross section
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Direct detection

« XENON100(2012)
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Direct detection

Exclusion plot by "’=‘25‘G"“”
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DM relic density

» Thermal relic density  acpui? ~ 0.1123 +0.0035
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DM relic density
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Comparison with the EFT approach

» For heavy m2, H2 can be integrated out.

And EFT Is a good approximation.

S. Kanemura et.al 2010, A. Djouadi, et.al. 2011, O. Lebedev, H. M.
Lee, Y. Mambrini, 2011, L. Lopez-Hororez, Schwetz, Zupan 2012
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Comparison with the EFT approach

« SFDM scenario is ruled out in the EFT
« We may lose imformation in DM pheno.

A. Djouadi, et.al. 2011
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Higgs Phenomenology

» Higgs sector Is extended=>Higgs
phenomenology is different from the SM
one
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Higgs Phenomenology

« Invisible decay of Higgs at tree is allowed

« Reduction of Higgs sig%(al strength
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Higgs Phenomenology

Signal strength (reduction factor)
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EW precision tests

* New contribution to the EW precision
obs. Barger, etal. 2008

H;
Il.fr \ 1_,-' HI.
| - =
A .l"lll rIM\llmh ‘l
b V Voo S v b oy
&

FIG. 2. Feynman diagrams of gauge boson propagators that are
affected by Higgs bosons.



EW precision tests

» The S, T,U parameters give strong
constraints on the mixing angle

3 m 2 =120( GeV)




EW precision tests
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Figure 1. The prediction of (5,7T) parameters. We fixed the reference
Higgs mass to be 120 GeV. The ellipses are (68, 90, 95) % CL contours from
the global fit. The thick black eurve shows the SM prediction with the Higpes
boson mass in the region (100,720) GeV. The red, green dots correspond to
a = 45°,20°, respectively. The dots are for the choices (mi,ma)(GeV) =
(25,125), (50,125), (75,125), (100, 125), (125, 125), (125, 250), (125, 500), (125,750)  from
above for each color.



Vacuum stability (EW)

« Requiring the global min. of the Higgs
potential I1s at the EW vacuua constrains
the parameters of the Higgs portal

EW vy =246 GeV. wvg = z‘jl
SYM : vy =vg =0,
l:og =0, wvg#0.
II:vg #0, wvg=0.
[11 : vy # 246 GeV, wvg # 02,




0s | ] fﬁ, — 7 . os | f/;#,,rf‘_"‘ |
__ 06 - o 4 gL ' 4 _
E /i / | 3 / / -
= / Z

0.2 - f - 02 - .
I A=001 —— | | ;{ if -g.gl — |
0 . L. |E:L_“}il =| U'l.ﬁ L. 0 I 1 A T T
100 200 300 400 500 600 100 200 300 400 500 600
my [GeV] ny [GeV]
1 I I I 1 T 1 1
03 b Vs —7 - 08 F i
— 06 F /i 4 .06 -
_é‘ er" /f 'E Jff /
%04 J / EW}, I 4 o4 1 ]j EW :;}” | §
0.2 4 / ; / - 0.2 - E:, i / i
5 {A=001 —] By A= 001 —
i) II‘h:‘-—-[ I | 1 IE! |)‘ I= {J-:G |_____|___ ] I I"g'— .[ | I k': 1 B I_D:G L |_-“
200 400 600 SO0 1000 1200 200 400 600 SO0 1000 1200
iy [GeV) ity [GeV]

Figure 6. The effects of A on the vaciim structures. The red straight curves corresponds
to the case of |A| = 0.01 and the blue dotted curves denotes to the case of |A| = 0.6. (Upper)
vg = —500 GeV; A = 0.01,0.6 (left) and A = —0.01, —0.6 (right). (Lower) vs = —1000
GeV; A =0.01,0.6 (left) and A = —0.01, —0.6 (right).



Triviality and vacuum stability bound on my
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The Higgs potential may become unstable before
Mpl.



« Higgs portal model can provide negative

contribution to the SM-like Higgs.
« Lebedev 2012, J. Elias-Miro, et.al 2012
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LHC tests
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LHC tests
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It will be difficult to produce the 2nd Higgs at the
LHC.




Conclusions

« DM with Higgs portal

— provides cancellation to reduce the direct
search bound

— improves the stability of Higgs potential
— changes the Higgs search at colliders

—is constrained by EWPT and the discovery of
SM-Higgs boson

« It will be difficult to produce the 2nd
Higgs.



