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Evidences for Dark Matter

* Rotation Curves of Galaxies
e Gravitational Lensing

e Large scale structure

« CMB anisotropies



Some features

Interaction with standard model particles
need to be weak,

Stable, If it decay, Its lifetime must be long,
even longer than the age of Universe.
Usually associated with global symmetry.

R-parity in MSSM, new physics models

Z2 symmetry ¢ — —o
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Global Symmetry

 There are some reasons to expect that
global symmetries are not respected by
nonperturbative quantum gravity.

* Global charges can be absorbed by black
holes which then evaporate.

R.Kallosh, A.Linde, D.Linde and L.Susskind, hep-th/9502069

* There is no global symmetry in string
theory, symmetry must be gauged.

T.Banks and N.Seiberg, arXiv:1011.5120



Scalar Dark Matter

o Scalar dark matter with Z, symmetry,¢ — —0o
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U(1)x gauge symmetry

Minimal extension, a complex scalar ¢ and
a gauge boson X,
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Mixing with Higgs

 Mass Eigenstates
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Positron fraction
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Positron Excess
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Possible Explanations
« DM annihilation (ov) ~107*cm’/s > 107" cm”/s

— Sommerfeld Enhancement
— Breit-Wigner resonance

DM decay, Tom =~ 10°%s
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Decaying Dark Matter

 High dimensional operators can induce

DM decay g2
— _ A
£=-750s
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Effective Operators

Gauge Invariant building blocks in dark sector

VAN -
OTp, ¢TiD b, XM, XM

where

D
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then dimension-6 operators are
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Effective Operators

e Building components in the SM
H'H. Hf-fﬁ#ﬂ. B* . B* . L;R;H. fiv"f;.
(Lio*"R;)H, H'7'HW!  H'T'HW,

e Operators involves both DM sector and SM
(ote) HHH, o0 (HTH) ote0H A, (qﬁ-ﬁﬁpcb) (H*ﬁﬂ)

610 (LR H 1), (81D ,0) ("L + R By), (Lo By) HX™ + e,

(I)T(I)BN-I’ij: (I)T(I)BM-UXHH ) HTHBM-I/XMU& HTHBMUX“U:
HIHX,, X", HHX, X", HHW X gt gw! xm.
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DM decay

o After the symmetry breaking, DM can
decay induced by these effective
operators,

(@D ) (H1iD"H)
= X' = ¢+ Z,
((I)Jr"i%z;. (I)) (f_,-:,uf) | EO.HM RH X v

= X' = [+,
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DM decay

OHOB,, X1, SIOB,, X1, (b — H)

= X" = o/h+~/Z,
HirTHW], X HizTHW], X1

= X" —>ov/h+~v/Z,

Three body decay
OTOB,, X" = X" » p+o+v/2
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Phenomenology
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Some Estimations

he LHC higgs data give constraint on the
mixing angle, roughly sin®« < 0.1, then
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Perturbativity

Since we need no more new physics below
A, the theory should be perturbative up to A.
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Relic density
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gx

Relic density

Qh°c[0.11450.1253

——————————————————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————————————————

____________________________________________________________________

_________________________________________________________________

micrOMEGAs 3.1

* Planck gives

Oh? = 0.1199 + 0.0027

e approximation

1
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Direct detection

The cross section of dark matter scattering
of a nucleon
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XENON Limits

. XENON100
. XENONIT

adu
My [GeV ]

Blue line is the
latest XENON2100
limit.

Purple line shows
the expected limit
from XENONIT.
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Ex

Parameter Space

Qh%c[0.1145,0.1253]
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Parameter Limits

My, =200GeV

0.3

0.0

 Blue band is for
2000GeV DM,
and red one for
1000GeV.

24



Logysina

Limits on the Mixing angle

\
IIII|
[

e Upper bound:

From XENON100
direct detection.

e Lower bound:

Lifetime should not
be too long to spoll
BBN.
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Decaying DM
and
Indirect Signatures
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An illustrative example

Effective operator

" (9115, 8) (1)

can be induced from the following UV
complete theory,

L= (D,®)" D'"® + firy" D, f — %F’“”F’ +(D,6)" D" -V (679),

JLV
D& = (0, +igxQxX, +ig'Q3A!)d
L - L Z(]A 2}& 1 + ZG CQ(I}A’ .U') ():
Do = (0,+id'QLA)) .
Dl f = (D)M+igdQFA)) f.

A—)]\JA!’QA —)g, 27



An illustrative example

 The previous symmetry can be identified
as the lepton number.

It can also serve as the source for type-|
seesaw mechanism.

o If it Is only associated with one generation
of leptons, DM then decays solely to that
generation lepton pair.
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Indirect Signatures

DM decay can provide additional source,

ei
Q. - D
" Mpyvtdoum dE

micrOMEGAs 3.1

 We use the NFW density profile

o= oo ] [

po =~ 0.3GeV /em?, ro ~ 8.5kpe and 7. ~ 20kpc
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XK — eTe™

 AMS02

PAMELA
FERMI
background

- bkg+X" (1000 GeV)
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1000

E<10GeV can be
affected by solar
wind significantly.
The spectrum Is
very sharp near the
end point.
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XM =

 The spectrum
IS softer than
the X+ — efe

case.
 Muons decay

ui—>ei+ye—!—uu
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XH 5 717

©OAMS02 ——  yh ] L FERMI -y .
PAMELA TD;:%_E, «10%s | _ background 07 10%
o kgE)FJHMJ bkg+X* (7000 GeV) pm=0-
ac —_
- bkg+X"(7000 GeV) "
o
£ 107
C\JU
p =
Q
S,
2
eﬂ.)
T
10'2 N L P R | L L A | L L sl " -10_3 L Ll L M R RS A | L PR S A | L P
1 10 100 1000 1 10 100 1000
Ex(GeV) E(GeV)

Only 1/3 taus decay to light leptons, the rest
mainly to pions, 7= — u= + v, and 7 — 2y =



Fermi-LAT Constraints
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http://arxiv.org/abs/arXiv:1205.6474

Summary

We have investigated a simple extension
of SM, Uy (1) VDM model.

Higher dimensional operators can induce
the DM decay.

Phenomenological constraints are shown.

An illustrative example is given to explain
the positron excess.
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