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0.03%

. Radiation

Dark Matter (DM)

0.3%

Only gravitational evidence

Properties:
- Non Baryonic, neutral
- Weakly interacting
- Cold: Slow moving (or warm)
- Extremely long lived
TDM > TU ™~ 1018 SecC
but not necessarily stable

Freg/Hydrogen
a/id Helium:

Dark Matter:
25%

Dark Energy:
70%

Independent (non-gravitational) evidences needed to determine the nature of the DM

Direct detection, Colliders and

Focus on DM models that may account for the positron component
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L = EHS =+ L:SM + L:Higgs portal

Pospelov, Ritz and Voloshin ‘07
Arkani-Hamed, Finkbeiner,

Slatyer and Weiner ‘08
HIDDEN Hambye ‘08, Chen, Cline and
SECTOR Frey '09

Higgs portal (HS)

The DM sector is gauged
under an abelian or
non-abelian group

DM
candidate

Lus D —kgd ¢ — Ap(9'9)’
Lnggs portal D __)\Hp¢T¢HTH

M
-
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¢ m, < 1 Arkani-Hamed et al ‘08, Chen
¢ et al. ‘09, March-Russell and

: o , _ . West ‘09, K.Khori et al ‘09
The main motivation is fo explain the positron excess:

- coupled mainly to leptons
- avoid overproduction of anti-protons

C.A., EX. Josse-Michaux and N. Sahu,
Phys.Lett.B691 (2010)

Higgs mixing parameterization ——— 6’H¢ ~ qubv/(m%[)

_________ Relic abundance and indirect signals at present fime

Sommerfeld enhancement B aralanaiicn
Hisano, S. Matsumoto and

Hp ey mcb/(MXC“X) M.M. Nojiri ‘04

---------- o )\i (47)
)2 9%} the elastic cross-
USI e 7 2 section is enhanced

g, by the small ¢» mass




Direct detection and Sommerfeld enhancement

C.A., EX. Josse-Michaux and N. Sahu, Phys.Lett.B691 (2010)

- Se averaged over the DM velocity distribution in the galactic halo excluded by BBN
- both <Se> and total rate computed for vO = 220 km/s Hisano et al ‘09

CDMSII upper bounds at 90% C.L.: 1072 v
— my=1GeV Oys=10"%10"" - .
—  my =0.1GeV Oy, =10"°%10""

10‘3:

m¢/MX

4
Hqu > 10_7/\/m¢/GeV o -

light higgs boson should decay before BBN

Kawasaki et al ‘05, Hisano et al ‘09
Oy <1072  from LEP

10—5 I I I I\"l I I | I ! I \ L ! ! !
0.0 0.2 04 0.6 0.8

- proper to Higgs portal e
independent on the nature of the DM candidate even though scalar case less
constrained

Nuclear scattering and light boson discussed in Finkbeiner et al. ‘09, Chen et al. ‘09, Cao et al ‘09 and Carroll et al. ‘09
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C.A., FE.X. Josse-Michaux and N. Sahu, Phys.Rev.D82 (2010)

S Ca Iar DM Ca n d i d a.l-e S alternative model, i.e. K. Kohri, J. McDonald and N.Sahu,

Phys.Rev.D81 (2010)

Hidden sector is a U(1): once gb takes a vev remnant Z2 symmetry to stabilize S

wn

Visible Sector Hidden Sector
XenonlO and forecast for XenonlQ0

—— CDMSII
- relic abundace in WMAP7 range
<Se> satisfying CMB constraints,

reionization and gamma ray bounds
Abdo et al ‘10; Cirelli et al '09; Huetsi et

al ‘09; Galli et al '09; Slatyer et al. '09;
Papucci, Strumia ‘09

og (cm?)

The kinetic mixing is taken to be
negligible
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C.A., FE.X. Josse-Michaux and N. Sahu, Phys.Rev.D82 (2010)

S Ca Iar DM Ca n d i d a.l-e S alternative model, i.e. K. Kohri, J. McDonald and N.Sahu,

Phys.Rev.D81 (2010)

“ ) takes a vev remnant Z2 symmetry tfo stabilize S

Hidden s
/o

SM /N

VlSlb le JLLLUL LIIUULILL \WJUALUL

XenonlO and forecast for XenonlQ0

—— CDMSII
- relic abundace in WMAP7 range
<Se> satisfying CMB constraints,

reionization and gamma ray bounds
Abdo et al ‘10; Cirelli et al '09; Huetsi et

al ‘09; Galli et al '09; Slatyer et al. '09;
Papucci, Strumia ‘09

og (cm?)

The kinetic mixing is taken to be
negligible
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Scalar DM candidate S cA. Fx Josse-Michaux and N. Sahu, Phys.Rev.D82 (2010)

alternative model, i.e. K. Kohri, J. McDonald and N.Sahu,
Phys.Rev.D81 (2010)

Hidden s /“ ) takes a vev remnant Z2 symmetry to stabilize S
M
/ _£ l: | | LI ||| I | LI ||| | | | L |||| | ]
S 1) - - ams  <Se> = 200 allowed by constraints
AN / ( i U pamia <Se> = 190 from model
N/ - —
= !
SM / \ — 0.1 :_ |_-_"1=:-——1 "~ _:
/ \ 9_‘” = < P 1 \.‘I -
S ¢ ‘o — = "._I.I -
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\ ‘ O— S Em B Backg,l‘o;l_xd ‘‘‘‘ ."-, n
W  o0lE \\
Visible uovvon 11IUULILL JVLLUL E .
10~ - i
o ,O
| | | | ||I | | | | ||I | 1 1 1 |l|l |
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E (GeV)
- I SlIV QW ITUWULCCS 11 vvivuazTr |U||Hc

<Se> satisfying CMB constraints,
reionization and gamma ray bounds
Abdo et al ‘10; Cirelli et al ‘09; Huetsi et

al ‘09; Galli et al '09; Slatyer et al. '09;
Papucci, Strumia ‘09

og (cm?)

10~

The kinetic mixing is taken to be
negligible

6 C. Arina (ULB PhysTh) - COSMO/CosPA 2010



- fine funing between the breaking scale of the hidden sector and the ¢ mass
- ¢ mass needs to be stabilized from radiative corrections proportional fo the DM mass
(Supersymme’rric scenario Arkani-Hamed et al. ‘09, Hooper and Tait ‘09, W. Wang et al. ‘09)

Higgs mixing II: unconstrained ¢

) C.A., T. Hambye, A. Ibarra and C. Weniger, JCAP 1003:024 (2010)
Hidden SU(2) dark sector T. Hambye JHEP 0901:028 (2009)

Lus = —7F™ - Fuy + (Du0) (D) — 12616 — 2g(619)°
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Decaying Vector Dark Matter and GUT scale

C.A., T. Hambye, A. Ibarra and C. Weniger, JCAP 1003:024 (2010)

- DM is stable due to an accidental symmetry
- higher order operator are expected to destabilize the DM (as the proton in the SM)

6 dimensional operators

Eichler ‘89; Nardi, Sannino,
Strumia ‘08; Hamagushi, Shirai,
Yanagida ‘08; Arvanitaki et al.

1 . ,
= T T 08; Rudermann Volansky ‘09...
(A) A2 DM¢ ¢ DHH H 26
1 A T v 10 S
il f t ) |
(B) A2 Duo'¢ H'D,H 5 5 10% TeV \’ M 1
T ~ 4 S
1 mpy 1016 GeV
i T urvyY ‘DM ,
(C) A2 DIL¢ DV¢ F
(D) 1 S Fe ¢ SV All these operators lead to gamma-ray
A2 T2 lines accompanied by an Higgs boson
v Case C
Benchmark M 4 96 Vg M, M, sin 3 | Benchmark | Z7n N Zh  ~h
1 300GeV  0.55 1090GeV  30GeV  150GeV =0 1 0.19 081 0 0
2 600GeV 0.6 2000GeV  30GeV  120GeV =0 2 02¢ 078 |0 0
3 14TeV 12 2333GeV  500GeV  145GeV =0 3 0.25 077 /0 0
4 1550GeV 2.1  1457GeV  1245GeV  153GeV  0.25 4 0.028%0.79./0.041 0.14
Benchmark | 7 hn  hh N Zn vh Zh
1 - 009 - 0.04 0.02/ 0.65 10.20
2 - 004 062 0002 0003 015 [0.18 Case D
3 - 0.04 080 3x107% 0.002\ 0.0003 /0.16 |X Zn  Zh o \WTW- e  uwi  dd
Case A/B | 1 0.0l 0005 004 | 002 009 039 029 0.15
| 2 0.019 0.004 0.036 |0.014 0072 035 039 0.12
No need of boost | 3 0.22 0.0002. 0.73 /0.0005 0.003 0.016 0.018 0.005
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Monochromatic y lines C.A., T. Hambye, A. Ibarra and C. Weniger, JCAP 1003:024 (2010)
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Summary

- Hidden Dark Matter sector connected with the SM through the Higgs portal

- Gauged hidden sector spontaneously broken by the hidden higgs (DM stable
by means of the remnant symmetry)

Case I: light hidden boson

- Annihilating dark matter, whose cross-section is boosted by the Sommerfeld effect
- A light hidden boson boost also the elastic spin independent nuclear cross-section
- allowed Sommerfeld boost depends on the Higgs portal coupling

- scalar candlda're con explam fhe PAMELA excess and bemg in ’rhe reach of CDMSII |
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Backup Slides
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Sommerfeld enhancement

- non perturbative mechanism: distortion of the two-body wavefunction away from plane
wave when the kinetic energy is low enough that a long-range potential is relevant

- attractive Yukawa potential V(r) B _(%) oM T
provides enhancement of the annihilation cross-section - r
L B A B N
Y(r)" — Mpan V(r)b(r) + Mpy, B79(r) =0 2 - = S
¥(00) |2 : |
S =1E 2] - :
w(O) 107 — > o
Averaged over an isothermal Maxwellian — 7 i
velocity distribution for the galactic halo: 102 E—— B
4 (oyc > 2 _(—€2a2c?/vd) OOOO1000 100 10 11: i
(Se) = 77\ v /dev €ye VXt 10 Se(€y, €4) % :
5 — .. L L
0 107 1072 107! I
vo/(a@,c)
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Direct detection - differential rate:

r = 'Umin/'UO

C.A., EX. Josse-Michaux and N. Sahu,
Phys.Lett.B691 (2010)
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Scalar DM candidate

C.A., FE.X. Josse-Michaux and N. Sahu, Phys.Rev.D82 (2010)
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Hidden Vec'l'or DM cA. T Hambye, A. Tbarra and C. Weniger, JCAP 1003:024 (2010)

T. Hambye JHEP 0901:028 (2009)
Relic abundance
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C.A., T. Hambye, A. Ibarra and C. Weniger, JCAP 1003:024 (2010)
T. Hambye JHEP 0901:028 (2009)

Spin independent elastic cross-section on nucleon
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FermiLAT collaboration ——  bounds on gamma lines

A.Abdo, M. Ackermann, M. Ajello et al. PRL104 (2010)

Fermi Large Area Telescope Search for Photon Lines from 30 to 200 GeV
and Dark Matter Implications

o 95%CLUL {ov)~ [vZ) (1077 em?s™1) T [vZ] (10%% 5)

(GeV) (107" em %57 1) NFW Einasto Isothermal NFW Einasto Isothermal
30 35 0.3[26] 02[19] 0545 17.6 [4.2] 17.8 [4.2] 17.5 4.2
40 4.5 0.7(42] 0530 1272 10.1 [2.9] 10.3 [2.9] 10.0 [2.9
50 2.4 0.6 [2.7] 0.4 [1.9] 1.0 [4.6] 15.5 [5.0] 15.7 [5.1] 15.4 [5.0]
60 3.1 1142 0830 18[7.3 9.8 [3.5] 10.0 (3.5] 9.7 [3.5:
70 1.2 0.6(2.0] 0.4 (1.4  1.0[34 216 82] | 219 [8.3] 21.5 8.1
80 0.9 0.5(L7] 04[12 0929 26.0 [10.4]|  26.4 [105]  25.8 [10.3
90 2.6 20[6.0] 1543  3.5[103 7.7 [3.2) 7.8 [3.2] 7.6 [3.1]
100 1.4 14 (3.8 1028  24[66 12.6 [5.4] 12.8 [5.4] 12.5 [5.3)
110 0.9 1.0(27] 07[19] 1746 18.9 [8.2] 19.2 [8.3] 18.8 [8.2
120 1.1 16 [40]  11[29]  27[6.9 13.3 [5.9] 13.5 [6.0] 13.2 [5.9
130 1.8 30(7.3]  21[53] 5.1 (126 7.6 [3.4] 7.8 [3.5] 7.6 [3.4)
140 1.9 3.5 (8.4 2560 6.0 [14.3 7.0 (3.2] 7.1 [3.3] 7.0 (3.2
150 1.6 3582 25059 60141 7535 | 7.6 3.5 7.4 (3.4
160 1.1 2.7(6.3] 2045 4.7 (109 10.2 [4.8] 10.4 [4.8] 10.1 [4.7)
170 0.6 1740  13[29] 3.0 [6.8 17.0 [8.0] 17.2 [8.1] 16.9 [7.9
180 0.9 27[6] 1944 46 [10.4 116 5.5 | 118 [5.6] 116 5.4
190 0.9 3.2 [7.1] 2.3 [5.1] 5.5 [12.2] 10.4 [4.9] 10.5 [5.0] 10.3 4.9
200 0.9 33(7.3] 2452 57125 10.6 [5.1] 10.8 [5.1] 10.5 [5.0

TABLE I: Flux, annihilation cross-section upper limits, and decay lifetime lower limits: ~-ray energies measured and cor-
responding 95% c.l. upper limits {(CLUL) on fluxes, for |b| > 10° plus a 20° x 20° square around the Galactic center. For
each energy and flux limit, {ocv),- and {ov)~z upper limits, and 7, and 7,z lower limits are given for three Galactic dark
matter distributions (see text). The systematic error in the absolute energy of the LAT discussed in the text propagates to a
—20% + 10% systematic error on {ov)-~, while for the decay lower limits the systematic error in the absolute energy of the
LAT discussed in the text propagates to a +10% — 5% systematic error on 7.

17 C. Arina (ULB PhysTh) - COSMO/CosPA 2010



Constraints on 4 muons channel

Gamma ray constraints

Extragalactic diffuse
Abdo et al., JCAP1004:014 (2010)

* MSIl-Res BulSub
— MSII-Sub1 == MSII-Sub2
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.
.t 0
.......

.
IS
o
o
e
"
---------------------------

T T 1Ty

-
-
-
-------------
-

-

—
o
[
TYTTIT

10 26 ’—I | 1 L1 1111 1 J1 1 L1
102 103 10° 10°
WIMP mass [GeV] WIMP mass [GeV]

Reionization, heating
Cirelli, Iocco, Panci JCAP 0910:009 (2010)

av |em’/s)
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+ IC from ISRF in the Milky way
Cirelli, Cline, Phys.Rev.D82 (2010)
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(Slatyer et al. Phys.Rev.D80 (2009); Galli et al, arXiv:1005.3008)
1 0_22 E L L] L) T LB I T T L] T LI I L) L) T L) ! I E
_ 5 }(1 ]
-23 | _
107 Ruled out by WMAP5 |9%g ¢
C X ‘E4 ¢ 3 ]
N 6 7
o] 0~ 3 10y E
= - 1m |9 3
L, C L ]
Y _ 4 P 1 XDM p'i" 2500 GeV, BF = 2300 _
g 13 2 1’ 1500 GeV, BF = 1100
S 1078 B 3 XDM w2500 GeV, BF = 1000 —
.- = 4 XDM e'e” 1000 GeV, BF =300 3
C 5 XDM 4:4:1 1000 GeV, BF = 420 ]
- Planck 6 e*e”700 GeV, BF = 220 .
- forecast 7 w1500 GeV, BF = 560 -
_26 CVL 8 XDM 1:1:2 1500 GeV, BF = 400
10 = 9 XDM p'ii 400 GeV, BF =110 3
- 10 u*i" 250 GeV, BF = 81 3
C 11 W'W™200 GeV, BF = 66 .
- 12 XDM e’e” 150 GeV, BF = 16 1
B 13 e*e” 100 GeV, BF = 10 7
1 0_27 Ll l 1 1 L L 1 1.1 l Ll 1L 1 11
1 10 100 1000

DM Mass [GeV]

¢

BBN -> photodissociation of light

elements Hisano, Kawasaki, Kohri, Moroi and
Nakayama, Phys.Rev.D79 (2009); Kohr
McDonald and Sahu, Phys.Rev.D81 (20:

‘He/D constraints

DM+DM—e¢ +e

. 1
(ov) <T70X 107 cm’s ‘( Evis ) ( 'DM )
2771[).\.1 1 TeV

DM+DM— u* + pu-

3/4 _ -1/4
Ay S0.05 x My Evis/My
GeV 0.7

Radio constraints come from the GC, important for cuspy profiles
(Crocker, Bell, Balazs and Jones, Phys.Rev.D81 (2010); Bertone, Cirelli, Strumia and Taoso, JCAP0903:009 (2009))

Scalar model

M
S = 480 X S
‘ (l ch)

(S.) = 1000 X (

Mg
1 TeV

C.A., FE.X. Josse-Michaux and N. Sahu, Phys.Rev.D82 (2010)

Mg )1.95
SY=1800 % [—2-) .
(Se? (1 TeV
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Higgs mixing for light ¢
In the basis (A, ¢)  the Higgs mixing matrix is:

M2 — 2Av*  fuguv
frpuv 2A4u* )

For small Higgs portal coupling:

fHpUv
On ~ — < L
2(Agv* — Agyu?)
hy~h+ 6,¢ mainly SM Higgs
hy ~¢ — 0,,h mainly hidden scalar boson
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