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Introduction

* DM evidence from the astronomy observations.
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Introduction

WMAP image of the CMB temperature anisotropy.
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Introduction

In darkon model, there is a real-scalar boson D

and couple to SM particle via Higgs boson H

)\f D* — ”;% D2 — \D2HTH .

e The amplitude of DD — f f
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dim 5 effective, contact interaction.



Introduction

* Another example, Z-Z" portal model. The
fermionic DM X interact with SM particle via
heavy Z' mixing with Z .
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Effective Interactions

 Fermionic DM £ interaction with pair of
Fermion f via vector, axial-vector, and tensor
excha NgE. 01 = 32 S8 (5 (P

Oy = Z T"; (_iﬂ"u'v.\') (.fff;_uzf) ,
7

* For Majorana DM, operator O1, O3, O5, and 06
are zero.



Effective Interactions

* Fermionic DM % via (pseudo-)scalar exchange.
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* The fermion mass m. dependent is included in
the coupling.



Effective Interactions

* Fermionic DM % could also couple to gluon
fields.

Cflg . (g =
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* Thec, (ZmZ)is the strong coupling constant,

because operators may from one-loop at scale

ZmZ



Effective Interactions

Finally are the operators for complex scalar DM.
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For real scalar DM, O15 and O16 are zero.



Effective Interactions

Operator NR Limit SI SD Dirac/Complex Majorana/Real NR Limit (%)
(Direct Detection) (Relic Density)
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Effective Interactions

2 2

4
O11 Yes Yes No Yes Yes %—
2R8m3AT,

0 N Y. N oy
12 L] - e5 O W
2, 4,2

- ) ) QoM v
013 ND YE.':! YEE m&;:

24

Oqy No — — Yes No e

32m3AE,

_-"'v'_{'._*m;i v2

B A 115

O1x Yes Yes No Yes No

Ne 2.2
O1g No — — Yes No m e

Erﬂ';"i 16

2
I

dr A 11.?

_'""FI-C'_' T

17 Yes Yes No Yes Yes

Nom?
O13 No —— Yes Yes ot
’-1ﬂ'ﬁls

a.Zmﬁ
O19 Yes Yes No Yes Yes ﬁ—
¥i Rl 19

2

O No — — Yes Yes ﬁ—dﬁgfm X
3[’171"3 i“izu



Effective Interactions

* In non-relativistic limit, the spinor for y and »
are w=§@, v=n'(e, 1)y , where ex=0(v/c).

* For wy"w written as
*'@570 U QET]TS
f@%”:u} ~ (1+ EQ)T]TU-,;&

* For wy“y°w written as

vy = (1+ ¢ )n'e
"ng)qfify"S"q*'} ~ 26r]Taif

e Contract with the light fermion leg fy*f
or fy*»°f , the time-like part give almost zero

. . 2
the space-like part give m, .
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Constraints

 CDM relic density, from the CMB by WMAP7
Qcpy b2 = 0.1126 =+ 0.0036 .

where h is the Hubble rate in unit of
100km/Mpc/s.

* Relation between DM relic density and thermal
annihilation cross section around the time of

freeze-out.
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Constraints

e 2 0 Upper limit of A from WMAP7.
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Constraints

* Direct detection. XENON210O for spin-
independent(Sl) DM-nucleus cross section o
and XENON10, ZEPLIN, SIMPLE for spin-
dependent(SD) cross section o

01, 07,011, 015, 017, 019 will give the SI DM-
nucleus interaction.

04, O5 give the SD one.
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Constraints

e 2 0 lower limit of A from direct detection.
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Constraints

* Monojet and monophoton + missing ET
constraints from CDF, DO, Tevetron, ATLAS.

* For example, ATLAS observed 167 events and
the expected SM background is 193+15+ 20.
The chi-square is

> (N(A)+ Nsp — Nops)?
YT (15T 1207 £ 167)




Constraints

e 2 o lower limit of A from colliders.
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Constraints
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Indirect detection: cosmic gamma-ray and anti-
proton flux from Fermi-LAT and PAMELA,
respectively.
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Constraints

* The final state quarks from DM annihilation can
fragment into neutral pion z° then z° decay
into two photons. The final state quark can
fragment into anti-proton as well.

* If these are € been produced from DM
annihilation. e* could produced gamma-ray flux
by inverse Compton scattering or
bremsstrahlung.



Constraints

2 0 lower limit of A from gamma-ray.
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Constraints

* 20 lower limit of A from anti-proton.
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Constraints

* We combined the all the experimental
constraints except the DM relic density from
WMAP, because it constrain the opposite
direction from others.

 We add up the chi-square from each
experiments and require the Ay* =4 to obtain
the 2 o lower limit of A .

Y2 (total) = y?(direct) + x?(collider) + y?(gamma) + y?(antiproton)

ﬁ_\g — _\'2(‘[-(}‘[-&'11) — \2 (total)ymin = 4



Constraints

e Combined limits of O1 and O2.

T WMAPT —— T Allowed region ]
DD+ID+COLL. ====s= ] I WMAP ==eesee |

DD+ID+coll. rererese 1

----------
rrrrrr
__________
-
—————
amm
------
-
e
-
"-.
-

0,

2 o

o nbrnr b e b b b brnrns b ol b i bbb b b brnns b b b
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
m,, (GeV) m,, (GeV)

 Only 02, 09, 016 have the allowed region to
give the right thermal relic density under the
direct, indirect detection, and collider
constraints.



Conclusions

Conclusions

dominated by direct detection: O, Oq5

by collider: O2, Og, 013, 014, O15

by indirect detection (p and ~-ray): O1,03, 04, Os, Og, Og, 019, O17, O18, O
e by collider at low m, and direct detection at high m,: Oy,
e by collider at low m, and indirect detection at high m,: Oj2

e by indirect detection at low m, and direct detection at high m,: Og

e 02,09, 016, in non-relativistic limit, are
highly suppressed and cannot contribute to
direct and indirect detection significant.



Conclusions

 We consider one operator at once in this
work. The results may change, if there are
several operators appear at the same time.
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