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WIMP as dark matter

Minimal DM spirit : SM + one SU(2), n-uplet s cireli erali ‘05-09

@ DM = neutral member of the n-uplet

@ stability ~» usually extra Z, symmetry

@ Fermion multiplets : very predictive

e all (co)annihilation are known gauge SU(2),, x U(1) processes
e only one free parameter mpy, to fix to match WMAP

@ Scalar multiplets H, :

e extra quartic coupling \; to Higgs H,
o arange free parameters : {mpy, \;} is compatible with QAP
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o Extra n-uplet case (n > 2):

o only one coupling to the Higgs \3|H;|*|H, |*
e no mass splittings between H? and Hf E

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM

07 November 2011

6/30



Scalar DM model

o Extra n-uplet case (n > 2):

o only one coupling to the Higgs \3|H;|*|H, |*
e no mass splittings between H? and Hf E

~» multi-TeV range viable only

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011

6/30



Scalar DM model

o Extra n-uplet case (n > 2):

o only one coupling to the Higgs \;|H |*|H,|*

e no mass splittings between H? and H,it("'i)

~ multi-TeV range viable only

@ Particular case : n = 2 = IDM

o three couplings to the Higgs.
s [Hy 2 Ha 2+ M| HTH 2 + 25 [(HlT H)* + h.c.]
@ non zero mass splittings :

iH* 0
Hy = (H—iny) Hy={ @+
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Scalar DM model

o Extra n-uplet case (n > 2):

o only one coupling to the Higgs \;|H;|*|H,|*

o no mass splittings between H® and Hy %)

~ multi-TeV range viable only

@ Particular case : n = 2 = IDM

o three couplings to the Higgs.
% ()\HOH% + )\AOA% + 2)\HFH+H7) (ZV()h =+ ]’lz) M2
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e non zero mass splittings : T
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Scalar DM model

o Extra n-uplet case (n > 2):

o only one coupling to the Higgs \;|H;|*|H,|*

o no mass splittings between H® and Hy %)

~ multi-TeV range viable only

@ Particular case : n = 2 = IDM

o three couplings to the Higgs.
% (AHOH(% + )\AnAg + 2)\HFH+H7) (2V0h =+ ]’lz) M2

et H
e non zero mass splittings : —
iH* 0 . .
Hy = ( (Hy=iAg) ) H, = ( Urtvo) ) N ST ol
2 2 _ I o A5
HU
~ viable mass ranges mp, ~ GeV-TeV range
)\Hc =] )\3 /2

We will refer to Hy — h coupling as A\gy, = A\, Aot = (A3 + Ag £ Xs5)/2
Free parameters : my,, my, A, Amyo, Amp v ’
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More on the Inert doublet model

e Relic Density : Freeze-out mechanism QA% oc 1/{oves)
Including HoHy — XX and HyAg, HoH* — XX
using micrOMEGAS . Bélanger, F. Boudjema, A. Pukhov, A. Semenov,...

@ Extra Constraints

Vacuum stability : A\j, A\p > 0and Az, Ay, > —vV A1 A

Inert Vacuum : u? /A< szt /A2 [Ginzburg et al PRD 82

Perturbativity : strong couplings |A| > 47 are excluded

No new contribution to the Z decay

No new low mass charged particles : my+ > 90 GeV scee.g. [Pierce & Thaler JHEPO7]
on,—p below the existing limits from direct detection searches

~~ Need a splitting ms, — mp, # 0

o EWPT measurements : heavy higgs allowed (Barbieri et a1 *06]

~» need my, — my+ # 0 and my, — my+ # 0 with my+ > my,, my,
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Viable param-space

A first systematic study of the viable parameter space

based on LLH, Nezri, Oliver, Tytgat JCAPO7

° mpy, S my: GeV range

HoHy — h* —>];f and HyAy — Z* —)]?f

Barbieri PRD06, LLH JCAP06,Gustafsson PRL07, Cao PRD07, Andreas JCAPOS,...
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Above W threshold

The High mass regime

based on: Scalar Multiplet Dark Matter
Hambye, Ling, LLH, J. Rocher

JHEP 09
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Relic density

IDM in the High mass regime : Relic abundance
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings OFF : pure gauge
My, = My, = My, > My z, My

e.g. contribution to O’EO :HoHy — XX
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N |
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IDM in the High mass regime : Relic abundance

Quartic couplings OFF : pure gauge
My, = My, = My, > My z, My

e.g. contribution to O’EO :HoHy — XX

AN N
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings OFF : pure gauge
My, = My, = My, > My z, My

e.g. contribution to O’ :HoHy — XX

%
(=]
N ~ ~ 0.6+
N ~ .
AN W (z) Ho W (2) 041

H™ (Ao)

0 T 500 I 1000 o 1500 ‘ ‘21}[)’)
w (z) B | - my, (GeV)

~+ Only my, = m* ~ 534 GeV
Oeff = Z 0_1] X mi satisfy WMAP
Hy

in agreement with Cirelli e all *05
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings ON : extra Higgs processes and mp, # ma, 7# mp,

for eg. HoHy — XX
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings ON : extra Higgs processes and mp, # ma, 7# mp,
g i 1
Oeff = ) - | Og+0O ) X ——
eff “ZU ( 8T\ ’”12%
where 0} = H?TU with A7 oc A X and A¥> 0
Hy
for eg. HoHy — XX

~
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings ON : extra Higgs processes and mp, # ma, 7# mp,

— g i 1
0
ij
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Hy

for eg. HoHy — XX
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings ON : extra Higgs processes and mp, # ma, 7# mp,

— g i 1
0
ij

where 0/ = AL with AV oc A % \ and A7> 0
0

- 2
A my

for eg. HoHy — XX

@ m* ~ 534 GeV is minimal S~ L, .
to satisfy WMAP “°\\\ e R AN
h
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings ON : extra Higgs processes and mpy, # ma, 7# mp,

_ i i 1
Ocff = Zu (ag —&—U)\) X
0

where O'i{ = ni\T” with AY oc X\ X and AY> 0
Hy

@ m* ~ 534 GeV is minimal
to satisfy WMAP

@ the expression of A ~» A" "
with at large mass =
max
)\i & my,

0.5

0.0
y 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
my, (TeV)
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Relic density

IDM in the High mass regime : Relic abundance

Quartic couplings ON : extra Higgs processes and mpy, 7# ma, 7# mp,

_ i i
Ooff = ZU (O'g +U>\> o

1

2
m H

where o/ = ”‘:TU with A¥ oc A * X and AV> 0
Ho

@ m* ~ 534 GeV is minimal
to satisfy WMAP

@ the expression of A ~» A"
with at large mass
A o mp,

@ mass splittings are bounded
as m; — mj o< (N\j — ;) /mpy,
~+ no heavy higgs
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Just above W threshold

Cancellations above W threshold

based on:
A new viable region of the inert doublet model: JCAP 1101:002

LLH & Yaguna
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Just above W threshold

Inert doublet model viable parameter space

\ Ho £
° my, S my: GeV range \>_ h
HoHy — h* — ff and HyAg — Z* — ff J/
Barbieri PRD06, LLH JCAPO06,Gustafsson PRL07, Cao PRD07, Andreas JCAPOS,... / Ho £
LARGE MASS GAP DUE TO EFFICIENT
WW AND ZZ ANNIHILATION
N
. Ho N N W (2)
° mpy, > my : TeV range N
HyHy — ZZ, WW, hh and coannihil into bosons ,
Cirelli NPB06, Hambye JHEP09 Ho 4 W (2)
/
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Just above W threshold

Inert doublet model viable parameter space

\ Ho £
° my, S my: GeV range \>_ n
HoHy — h* — ff and HyAg — Z* — ff J/
Barbieri PRD06, LLH JCAPO06,Gustafsson PRL07, Cao PRD07, Andreas JCAPOS,... / Ho £

@ Above W-threshold : cancellations

HoHy — WW vs HyHy— h —WW

LARGE MASS GAP DUE TO EFFICIENT
WW AND ZZ ANNIHILATION

AN
Ho N N W' (z)
° mpy, > my : TeV range N
HyHy — ZZ, WW, hh and coannihil into bosons ,
Cirelli NPB06, Hambye JHEP09 Ho 4 W (2)
/
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Just above W threshold

[lustration of cancellation in 2 body processes
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Just above W threshold

[lustration of cancellation in 2 body processes

Destructive interf. possible for :

—2(m — (Ma/2)*)
2

)\L’:
v

0 N\ < OfOI'mHo > Mh/2
e \r > 0 formyo < My/2

always need : myo < Mj,, m;
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Just above W threshold

[lustration of cancellation in 2 body processes

Above W threshold, for fixed parameters, one can obtain {2, = Q'

Destructive interf. possible for :

—2(mj — (Ma/2)*)

)‘L ~
V2

e )\, < 0formyo > M;/2
@ A > 0formyo < My/2
always need : mgo < My, m;
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[lustration of cancellation in 2 body processes

Above W threshold, for fixed parameters, one can obtain {2, = Q'

Destructive interf. possible for :

—2(m — (Mn/2)?)

AL

1

V2

e )\ < 0formyo > M;/2
e N\ > 0formyo < My/2

always need : mgo < My, m;

WMAP

0.1 WMAP

o] 0.01 E

0.001}

M= 95 GeV
. == My=100 GeV
L[ — My=105Gev
"= Myp=110Gev

M, = 130 GeV, My, = M0 = 400 GeV
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Just above W threshold

Viable parameter space thanks to cancellations above my

Result of a scan for myo > my and Qp, = Qwmap

T T T T T T

o M, <200GeV
3k + 200 GeV <M, <300GeV |-
+ 300 GeV < M, <400 GeV
< 400 GeV < M, <500 GeV
}"L >0 MHO< M,/2 500 GeV < M, <600 GeV

200 GeV <M < 600 GeV
up to MH; 160 GeV

A <0 M,>M, /2
for M, < 200 GeV B3BEﬁﬁﬁﬂiﬁﬁﬂxﬂggggggggmgﬁgggmxgmgmmg% o
up to M_=130 GeV R ‘

Ho ) 100 120 140 160
My [GeV]
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Just above W threshold

Viable parameter space thanks to cancellations above my

Result of a scan for myo > my and Qp, = Qwmap

T T T T T T

o M, <200GeV
3k + 200 GeV <M, <300GeV |-
+ 300 GeV < M, <400 GeV
< 400 GeV < M, <500 GeV
}"L >0 MHO< M,/2 500 GeV < M, <600 GeV

200 GeV <M ;< 600 GeV
uptoM ~ 160 GeV

A <0 M,>M, /2
for M, < 200 GeV B3BEﬁﬁﬁﬂiﬁﬁﬂxﬂggggggggmgﬁgggmxgmgmmg% o
up to M_=130 GeV R ‘

Ho ) 100 120 140 160
My [GeV]

NB : IDM can comply with EWPT measurements for large M), as Barbieri 06 :
ATy, g+ a4, can compensate negative Tj, for my+ > my,, myo
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3bdy processes

Extra contributions from 3 body annihilations

based on:
A new viable region of the inert doublet model: JHEP 1009:046

LLH & Yaguna

opez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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3bdy processes

Inert doublet model viable parameter space

° my, S my: GeV range \ £
- - \
HoHy — h* — ff and HyAy — Z* — ff Y
Barbieri PRD06, LLH JCAP06,Gustafsson PRL0O7, Cao PRD07, Andreas JCAPOS,... /
/ —
Ho £

@ Above W-threshold : cancellations

HoHy — WW vs HyHy— h —WW

LARGE MASS GAP DUE TO EFFICIENT N
WW AND ZZ ANNIHILATION Ho W (2)
AN
@ my, > my : TeV range y
HyHy — ZZ, WW, hh and coannihil into bosons g W (z)
/

Cirelli NPB06, Hambye JHEP09
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3bdy processes

Inert doublet model viable parameter space

° my, S my: GeV range \\ Ho £
- - \
HoHy — h* — ff and HyAy — Z* — ff = e
Barbieri PRD06, LLH JCAP06,Gustafsson PRL0O7, Cao PRD07, Andreas JCAPOS,... /
/ _
Significantly affected by 3bdy annihilation : s ‘
H()HO — WW* — Wff/

@ Above W-threshold : cancellations

HoHy — WW vs HyHy— h —WW

LARGE MASS GAP DUE TO EFFICIENT N
WW AND ZZ ANNIHILATION AN W (2)
AN
@ my, > my : TeV range y
HyHy — ZZ, WW, hh and coannihil into bosons 7 w(2)
Cirelli NPB06, Hambye JHEP09 g
Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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3bdy processes

Importance of 3-body processes : Is that so surprising ?

3-body processes can take over 2-body processes

3-body = real + virtual massive particle
e.g. WW* — Wff'

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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3bdy processes

Importance of 3-body processes : Is that so surprising ?

3-body processes can take over 2-body processes

Branching Ratio

3-body = real + virtual massive particle
e.g. WW* — Wff'

Well known example : higgs decay
BR(h — WW*)>BR(h — bb) for m;, < 2My

3100 120 140 160 180 200
Higgs Mass (GeV/c)
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3bdy processes

Importance of 3-body processes : Is that so surprising ?

3-body processes can take over 2-body processes

Branching Ratio

3-body = real + virtual massive particle
e.g. WW* — Wff'

Well known example : higgs decay
BR(h — WW*)>BR(h — bb) for m;, < 2My

3
100 120 140 160 180 200

3-body processes can enhance DM annihilation/decay : Higgassiaelic)

~ Affect relic abundance, viable parameter space, detection

~ Significant effect on : neutralino LSP (chen & Kamionkowski JHEP *98, Yaguna PRD’10],
gravitino LSP (choi & Yaguna *1003.& ail *1007 1,
Higgs DM [Hosotani, Ko & Tanaka PLB'09], Singlet scalar DM [ Yaguna PRD'10],
Inert Doublet Model [ LLH & Yaguna JHEP' 10]

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 18730



3bdy processes

Extra contributions from 3 body annihilations

Analysis for fixed parameters J

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 19730



3bdy processes

2-3 body annihilation cross section near my threshold

le-24
@ 0Vopay - higgs mediated, 1025
~> suppressed by Yukawa, my,

le-26

le-27

31
ov(cm's )

le-28

1e-29

1e-30

\\ Ho £
\
.
/
// Ho H

|| =1e-2,m, =120 GeV 7]
Amo = Am,,. = 50 GeV

50

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM

60 70 ‘ 80
m, 0 (GeV

07 November 2011 20/30



3bdy processes

2-3 body annihilation cross section near my threshold

le-24
@ 0Vapay - higgs mediated, le2s
~> suppressed by Yukawa, my,
le-26
@ 0V3pdy = O'V(WW*) ;:

: S T g 1e27
~ high multiplicity %
~~ gauge unsuppressed le28

1e-29
1e-30
w
N H
AN
AN
N
: >
W f ,
7
Ll

A | =1e-2,m =120 GeV |
Am,o = Am,. = 50 GeV

70 ‘ 80

B .
m,,0 (GeV)
_ w
w M
|
H*

w - ==
) 7o W
I

IDM scalar WIMP DM

07 November 2011 20/30



3bdy processes

2-3 body annihilation cross section near my threshold

@ 0Vapay - higgs mediated,

~> suppressed by Yukawa, my,

(] OV3bdy = O'V(WW*)
~ high multiplicity
~~ gauge unsuppressed

le-24

le-25

le-26

1e-27

3.1
ov(cm's )

le-28

~ OVopdy VS 0V3pay depends on e I = te2,m, =120 Gev ]
. . /-" Am,o = Am,,. = 50 GeV
Myo, My, Az sign and amplitude ‘ ‘ ‘ , ‘
le-30 30 0 70 50
m,,0 (GeV)
w _ E“_ w
N H° w N
\ |
AN
\ h = )
. > ! ! il
W . /
, W -=-- J’\/\/\
, HO w
f , H° ' f
IDM scalar WIMP DM 07 November 2011 20/30




3bdy pro

2-3 body annihilation cross section near my threshold

@ 0Vapgy - higgs mediated,
~> suppressed by Yukawa, my,

le-25

@ OVipgy = ov(WW*) P
~~ high multiplicity "8 te2r
~~ gauge unsuppressed 3

le-28

~ OV2pdy VS 0V3pay depends on

— 2body
—- 3-body, A, >0
— = 3-body, A, <0 ! o

i i 1e29F /- Pl=1e2,m =120 GeV |
mpyo, my, A sign and amplitude Ao = Ay =50 GeV
le-30 50 5 ‘ 70 ‘ 50
m,,0 (GeV)
I{U _ i[“_ “'
N H” W
|
s H*| i
________ ! | I
W -—--
_ o w
£ y 11” , 1-1” 7 /

1 Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM
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3bdy processes

2-3 body annihilation cross section near my threshold

@ 0Vapgy - higgs mediated,

le-23

le-24

~> suppressed by Yukawa, my,

@ OV3pdy = O'V(WW*)
~+ high multiplicity
~~ gauge unsuppressed

~ OV2pdy VS 0V3pay depends on
mpgo, My, Az sign and amplitude

Hu

\\ Ho
\
-
/
/
/ Ho 7 111]

le-25

le-26

le-27

3.1
ov(cm's )

le-28
1e-29

1e-30

N H”

, H”

— 2-body
—- 3-body, A, >0
- - 3-body, 4 <0

%] = 1e-2,m, =200 GeV -|
Amyo = Am,,. = 50 GeV

Lopez Honorez (MPIK-Hd)

IDM scalar WIMP DM

07 November 2011
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3bdy processes

Comparing 2-3 body relic density

For what concerns the relic density :
@ roughly 4, o< 1/{ov) with
(ov) = (ov( 2-body)} + (ov(WW*))

o We expect
Qum(3-body) < Q4 (2-body)

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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3bdy processes

Comparing 2-3 body relic density

For what concerns the relic density :
@ roughly 4, o< 1/{ov) with
(ov) = (ov(2-body)) + (ov(WW*))

o We expect
Qam(3-body) < Q4 (2-body)

Q(3-body)/€(2-body)

~ confirmed numerically using

modified micrOMEGASs

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM
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3bdy processes

Comparing 2-3 body relic density

For what concerns the relic density : P S TS TR

= Am =50 GeV, m =200 GeV

@ roughly 4, o< 1/{ov) with
(0%} = (ov( 2-body)) + {ov(WW*))
o We expect
Qum(3-body) < Qum(2-body)

Q(3-body)/€(2-body)

~ confirmed numerically using
modified micrOMEGAs

~ 3-body final states significantly affect predictions for g, J

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 21730




3bdy processes

Extra contributions from 3 body annihilations

_ (OWMAP
Parameters for Qy, = Q7 J

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 22/30



3bdy pro

Viable parameter space

Derive the \;, — myo compatible with QWMAPp2 = (.11

Going from 2bdy only to 2+3bdy with or without coannihilations :

0.1

< 001 7

— = 3-body, Am =50 GeV
2-body, Am=50 GeV
I | |
60 65 70 75 80
m o [GeV]

0.001

1 Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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3bdy processes

Viable parameter space

Derive the A\; — myo compatible with Q

2
WMAPR2 = 0.11

Going from 2bdy only to 2+3bdy with or without coannihilations :

0.1¢

< 001: 7

0.001

— 3-body, Am =10 GeV/
=10 GeV

— 2-body, Am
— — 3-body, An

GeV

120 GeV, Am. =50 GeV |

60

@ correct |\z| is reduced
up to ~ O(10).
@ |\r| = 0 at lower myo

o 2bdy settled by the onset of
W+W~ annihilations

2-body, Am =50 Gev 3 o 2+3bdy depends on
‘ ‘ WW* annihilations
65 70 75 80
myo [GeV]
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3bdy processes

Viable parameter space

Derive the \;, — myo compatible with QWMAPp2 = (.11

Going from 2bdy only to 2+3bdy with or without coannihilations :

T
0.1 m, = 120 GeV, Amy;. =50 GeV |

0 @ correct |\z| is reduced
\ up to ~ O(10).

. \ | @ |\r| = 0 at lower myo

< 001: 7

— 3-body, Am =10 GeV/

\ o 2bdy settled by the onset of
\ + _ P .

— 2-body, Am, =10 GeV W W annlhllatlons
— = 3-body, Am =50 GeV/

2-body, Am=50 GeV E @ 2+3Edy depends on

‘ ' ‘ WW?* annihilations
60 65 70 75 80 )
myo [GeV]

0.001

rather generic feature of the Inert doublet model independently of m,

~» modify prospects for DM detection

Laura Lopez Honorez (MPIK-Hd)

IDM scalar WIMP DM 07 November 2011 23/30




Constraints from direct and indirect detection searches |

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 24730



Indirect Detection

Indirect detection searches are becoming a serious treat for low mass WIMP DM.
Typically (ov) ~ 10~2°cm? /s

First this year, using gamma rays :

Upper limits, Joint Likelihood of 10 dSphs

107
310% - wtu Channel
— bb Channel © WTW Channel
0% -=- 7'r Channel
)
E
Ee2
c
2
©
B o2
&0
@
g
5
o
= 10%
H
107

10" 10° 10*
WIMP mass [GeV]

Recently, using anti-proton flux :

SMALL
— 107
‘o
E
ko)
R
2 -
5 .
\ o
10757+ - S :
5 10 20 S0 100 200
m y [GeV]

From the analysis of 10 dSphs with the From new analysis of BESS-Polar II

Fermi-LAT.

[ Llena Garde, Conrad, Cohen-Tanugi et all "11 ]

[Kappl & Winkler "11]

~~ rule out low mass WIMP

rez (MPIK-Hd)

IDM scalar WIMP DM

07 November 2011
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Indirect Detection in the IDM

1e-24 T T T T T
. IDM .
WW Fermi-LAT -
bb Fermi-LAT e
bb BESS

1025 |-

GV [cm3/s]

1626 |-

80 100 120 140 160
My, [GeV]

result of a scan giving rise to 0.09 < QHO " < 0.13

1 Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM

A part from the low
mass regime the IDM
is still quite safe from

the point of view of

indirect detection
searches
BUT....

07 November 2011 26/30



Direct detection

... a serious treat for the IDM

10

3
%

3

1042

3

‘WIMP-Nucleon Cross Section [cmz]
3

10

E T T
E XENON100 (2011)
E .
. |\ QpaMana —— observed limit (90% CL)
E ) Expected limit of this run:
g ColeNt I+ 16 expected
E 2.0 expected
F Buchmueller Nl
6 78910 20 30 40 50 100 200 300 400 1000

‘WIMP Mass [GeV/cz]

Results from 100 Live Days of XENON100 Data

E. Aprile et al PRD "11

(MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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Direct detection

... a serious treat for the IDM

107 g T T
E XENON100 (2011)
i |\ CypAMANa — observed limit (90% CL) .
E 10% = ocent m-pmcanmn of this run: Relevant process for elastic
£ 1 expected

s F DAMAZ . .
2 WO\ L comseon / +20 expected scattering in the IDM :
531 E .
2 E \\ cDMS (2010) ~ . P
2 F ~ -
8 102 b XENONI0 (52 only, 2011) Hy Y Ho
s E o . EDELWEISS (2011) XENON100 2010) |
= r Qo h
ERU |
Z E
s F q | q

104 =
g e /\\

F Buchmueller &al:
PP I o el W
6 78910 20 30 40 50 100 200300 400 1000 2
‘WIMP Mass [GeV/cz] A Hy
Ol X | 52
o MHOM%

Results from 100 Live Days of XENON100 Data

E. Aprile et al PRD "11
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Direct detection in the IDM

1e-42 - T
16-43 |- b ~ o P
- ~ -~
L It Hy \]’ Hp
e |
9, : b
‘.1 1e-44 u — |
= | q q
©
1e-45 |- 2
[ Top X ( M’\%)
Ho™p
1e-46 1 i 1
10 100 1000

my, [GeV]

result of a scan giving rise to 0.09 < QH0h2 < 0.13
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Direct detection in the IDM

g

Opy,-p [cM

1e-42 r T
LEP cobstr.:
- no coannihil.
te-43 | below 4‘9 GeV
| IDM sarne as
singlet DM .
B \\\)ln £ . g
1e-44 u >_ _h_ .
| /
// Ho T
1e-45 -
1e-46 L
10 C31Q3
My, [GeV]

result of a scan giving rise to 0.09 < QH0h2 < 0.13

z (MPIK-Hd)

IDM scalar WIMP DM

1000
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Direct detection in the IDM

g

Opy,-p [cM

1e-42 -

1e-43

1e-44

1e-45

1e-46

_LEP col'i;str.:
- no coannihil.
- below 4‘9 GeV
IDM sarne as
singlet DM

couplin,

Cancellations

non negligible

10

100

my, [GeV]

result of a scan giving rise to 0.09 < QH0h2 < 0.13

z (MPIK-Hd)

IDM scalar WIMP DM

1000

07 November 2011
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Direct detection in the IDM

1e-42 T
r 1DI ]
o B Xenon100 ------- ;
LEP copstr.: RN A
- no coannihil. : >{r "
te-43 | below 49 GeV ; - H ~o -
| IDM sarne as > -~ ’H
— singlet DM L 0 he 0
o 3
L : . I
N Ho £
5 \\ h |
‘.1 1e-44 u >_ _h_ N |
o L . q q
= S 3 Cancellations /\\
couplin
I non negligible 4
1e-45 - & 2
L O-Bl [0 e (M)\H/(:lz >
. WW# process HoMp
L A
. ~ only
1e-46 1 i 1
10 100 1000

my, [GeV]

result of a scan giving rise to 0.09 < QH0h2 < 0.13
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Direct detection in the IDM

1e-42 -
I ID ]
F H Xenon10Q ------- ;
LEP cobstr.: RN A A
- no coannihil. : >{r "
1e43 |- below 48 GeV Ch. L W ~ _
| IDM sarne as FREN - ’H
— singlet DM L 0 he 0
N .
L N - |
N Ho £
5 \\ h |
‘.1 1e-44 u >_ _n_ . I
[=] | 7/ . q q
= S 3 Cancellations /\\
coupling
Coannihilation non negligible
Te-45 - region 4 2
\ .,[,g o o ; o ( )\HO )
I N e 7]
N WW?#* process Muy M),
I S ~ only
1e-q6 Lo 7 1
10 G 10\(), 1000
my, [GeV]

result of a scan giving rise to 0.09 < QH0h2 < 0.13
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Direct detection in the IDM

g

Opy,-p [cM

1e-42 -

LEP col'i;str.:
- no coannihil.

te-43 | below 4‘9 GeV

IDM sarne as
singlet DM
A Ho f"
\\
1e-44 u >_ _h_
/
4 Ho H
4
Coannihilation

Te-45 - region

IDM
Xenon100|

Cancellations
couplin,
non negligible

WW# process
~ only

1e-46

100

my, [GeV]

result of a scan giving rise to 0.09 < QH0h2 < 0.13

~> only the 40 — 100 GeV range and >> myy are still viable

Lopez Honorez (MPIK-Hd)

IDM scalar WIMP DM

1000

07 November 2011

28/30



Conclusion

The Inert Doublet is a WIMP with a rich Scalar DM phenomenology

@ Parameter space with correct {4,

e GeV range up to mgo ~ 130 (160) GeV for
M, <200 GeV (600 GeV)

e large mass gap due to efficient annihilations into
HoHy — WW,ZZ, tt, hh

e TeV range for my, > 530 GeV

with scalar and gauge (very well known ! !) interactions.

@ Surviving parameter space after Xenon100

e GeV range for myo ~ 40 GeV- 100 GeV
mainly thanks to coannihilation, 3 bdy-processes
o full TeV range driven by gauge interactions

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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Conclusion

This 1s the End
Thank you for your attention ! !
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IDM : Constraints from accelerators 1

Constraints _from LEPII Lundstrom, Gustafsson & Edsjo PRD 09
Exclusion plot from LEPII analysis

110

derived from on neutralino searches : 100 '
90 \
\
+,- 0,0 0. 077 .
ete” = Xix2 = xixiff * "
= 70 .
g \
to be compared with : % Z: <,
P N
+ - 0170 0770 77 o 2
e"e” - A'H — H'Hff % EW
\

. . . . 20 \\
taking into account different spin 10 . N
and different decay processes for the o o o oo 200

mass / €
NLSP
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N —
IDM : Constraints from accelerators 2

@ at LHc

o dilepton signal pole etatPRD 10 : [T/~ + missing E.
Dominant signal : pp — H°A® — H°HOIT [~
bgd : production of hZ with h — H°H" as long as my, > 2myo
o trilepton signal poleetai PrD 10 : [T]~ + [ missing E.
Dominant signal : pp — HTA? — HOW*HZ* — H'HIT I~ Iv
pp — H¥H® — AW*H® — HOHOIT I~ Iy
bgd : WZ production

signal could be resolved for ~ 40 GeV H? (already ruled out by DD)

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 33/30



Indirect detection : Gamma ray lines icusasoneraon

Gamma Ray lines come from loop level
contributions to ¢ ~~ negligible
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Indirect detection : Gamma ray lines icusasoneraon

Gamma Ray lines come from loop level
contributions to ¢ ~~ negligible

PR PR T "
| e " LN Y
oS! " S Ay
Hym e g PN 1 " N M,
W W - -
. TABLE I: IDM benchmark models. (In units of GeV.)
However for Heavy Higgs (low My, only) Nl e mm e mm i hexiGev
/l _ 1 500 70 76 190 120 0.1
1 1 £ 5 58.5 2 ..
e Contributions from HyHy — ff to (o4v) 0050 B85 170 120 ol
GC 111 200 70 80 120 125 0.1
; . . . -
and (I)’Y are Suppressed 1V 120 70 80 120 95 0.1
. : i : TABLE II: IDM benchmark model results.
@ Relic density from coannihilations ,
Model vopa® Branching ratios [%]: Qoanh?
[em®s™1] vy Zy b & T
1 16x107% 36 33 26 2 3 0.10
11 8.2x 107 29 0.6 60 4 7 0.10
I 8.7x107%7 2 2 8 5 9 0.12
v 1.9x107%* 004 01 85 5 10 0.11
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_ Indirect detection : Gamma Ray Lines
Indirect detection : Gamma ray lines icusasoneraon

IDM: NFW, 20~103 ' '

Gamma Ray lines come from loop level
contributions to ¢ ~~ negligible

50 GeV, boost ~10*

EGRET:A0=2x10
.

70 GeV, boost ~100

Log(E2 @, [em™?s™'GeV])
4

W W -8 4
[ Jr— TW”L?Z N u %
S “
w W St VNN -9
oS! " ! S M
P — ' PN “ o N M 10

" w " -1 0 1 2 3 4
Log (B, [GeV])

TABLE I: IDM benchmark models. (In units of GeV.)

However for Heavy Higgs (low My, only) 0

mn mpgo  mao  mpe gz dex1GeV
/] _ 1 500 70 76 190 120 0.1
e Contributions from HoHy — ff to (oqv) 1 0 0 s o
and (I)’(Y;C are Suppressed v 120 70 80 120 95 0.1
o Relic density from COannihﬂaﬁOnS TABL;E II: IDM Ilrfn(:h,l.nul'k m.,()r/(il results. i
Model voi® Branching ratios [%]: Qoanh?
. : cm®s™! vy Z b ce T
e Gamma line signal can become the T I

main feature of the gamma ray spectrum ' $2x107% 290 066 4 7 010

4
I 8.7x107%7 2 2 8 5 9 0.12
v 1.9x107%* 004 01 85 5 10 0.11

opez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 34730



_ Indirect detection : Gamma Ray Lines
Indirect detection : Gamma ray lines icusasoneraon

? IDM: NFW, 40~1073 ‘ ‘
O 5 F
7 50 GeV, boost ~10*
<6 b ]
E 7 70 Ge.V‘ boost ~100 ]
Interest : signal from HoHy — 7y or : * Hess a-10]
. g \
HyHy — Z-y appear at energies L i ‘
characteristics of My, T eE ey
. . . TABLE I: IDM benchmark models. (In units of GeV.
Problem : For significant gamma ray lines = ]1 ]“” - e (h od I 1‘(,) =
need large bOOSt factors 1 500 70 76 190 120 0.1
11 500 50 58.5 170 120 0.1
it 200 70 80 120 125 0.1
v 120 70 80 120 95 0.1

TABLE II: IDM benchmark model results.

Model vopa® Branching ratios [%]: Qoanh?
[em®s™1] vy Zy bb ce THrT

1 1.6 x 1072 36 33 26 2 3 0.10

11 8.2x 107 29 0.6 60 4 7 0.10

I 8.7x107%7 2 2 8 5 9 0.12

v 1.9x107%* 004 01 85 5 10 0.11
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Indirect detection : Gamma ray lines icusasoneraon

Annihilation rate into -y lines

Interest : signal from HyHy — 7y or fg . |
HyHy — Z-y appear at energies N g
characteristics of My, S 0
E o o
Problem : For significant gamma ray lines - ]
need large boost factors E i
-1
10 = —
General feature : stronger line signals in the g E
IDM than in the MSSM i y
2
10

. L -
40 50 60 70
WIMP Mass [GeV]

®
=

M), = 500 GeV, M, = My, +120 GeV, Xy = 0.1

Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 34/30



_ Indirect detection : Gamma Ray Lines
Comparing 2-3 body relic density

Qam 1s Am dependent < allows coannihilations

Including coannihilations

@ coannihilations = 2-bdy pure
gauge process HoAg — Z — ff

@ Including coannihilations can
change the impact of the 3-bdy
processes

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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_ Indirect detection : Gamma Ray Lines
Comparing 2-3 body relic density

Qam 1s Am dependent < allows coannihilations

1

Including coannihilations N F 22::%3323:12;'2Iiﬁiiili .
(Amyo = 10, Amy+ = 50 GeV) : o B
@ coannihilations = 2-bdy pure E ost /]
gauge process HoAg — Z — ff %04 \
@ Including coannihilations can g | \'\,\
change the impact of the 3-bdy Y |
processes ki TIPS il |
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_ Indirect detection : Gamma Ray Lines
Comparing 2-3 body relic density

Qam 1s Am dependent < allows coannihilations

1

Including coannihilations
(Amyo = 10, Amg+ = 50 GeV) : o8
@ coannihilations = 2-bdy pure

gauge process HoAg — Z — ff

Q(3-body)/€(2-body)

@ Including coannihilations can
change the impact of the 3-bdy
processes .

021

~ still 3-body final states significantly affect predictions for €, J

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011 35/30



Implications for Direct Detection

Direct detection through Elastic Scattering

Prospects along the viable parameter space :

T T
1e-07Fm,= 120 GeV , Amy= 50 GeV

~ - - — BENGY
S~ - P |
Hoy Y Ho le-08 o
I
h
|
|

A 2
OHo—N X Ho
0~ MHOMf .:i le-09
o

[pb]

AN

~predictions for o,y reduced

le-10

up to ~ O(100) ko 65 70 75

mypo [GeV]

~ better compatibility with present bounds
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Implications for Direct Detection

Direct detection through Elastic Scattering

~

Prospects along the viable parameter space :

1e-06 ‘ : ‘
L. m,=200 GeV , Am, .= 50 GeV
~o _-" le-07 -
Hoy Hoy )
I o O( A 2 1e-08
h —
I Ho=N "=\ M M7 -

~~predictions for og,—y reduced

— 3-body, Amo = 10 GeV
le-10 77 3-body, Am:u = 50Gev
—— 2-body, Amy = 10 GeV.
Leopql - 2bods. amy =50 Gev
- , |
up to ~ O(100) 50 55 60

65 70 75 8
m o [GeV]
~ better compatibility with present bounds

Lopez Honorez (MPIK-Hd)
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_ Indirect detection : Gamma Ray Lines
For Indirect Detection including 3bdy

1
~08F .
:
0.6 / Am=50Gev ] o - .
g / Am'o= 50 Gev annihilations no more bb dominated
| .
=0 BR(HoHy — WW*) ~ 1
[ m, =120 A >0
I T e e for myo near W threshold
0 — | 1 1 1
4550 55 60 65 70 75

m o [GeV]

work in progress...
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_ Indirect detection : Gamma Ray Lines
Indirect Detection in the cancellation regime

I
140 660 50 100 10 140 160 &

1
My [Gev] i
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_ Indirect detection : Gamma Ray Lines
Differential gamma ray flux

25605 7

2 0e-05

1.5e-05

1.0e-05

E dD/dE AQ) [MeV/(ems s6)]

3.0e-06

E=1GeV .. E=10GeV
10°< b < 20° K

10° <[] = 20°

75e0)*

' 0e-05

" 1.5e-05

1.0e-05

E‘ dDHAE ALY [MeV/ (cm‘a m]

5.0e-06 —

' 120
M, [GeV]

dE 2 471'

ch>halo _ lLV p@ JAQ

dE>

80 ' 100 ' 120 " 140 ' 160
M, [GeV]

where 7o, = 8.5 kpc, po, = 0.39 GeV /cm? is the

_ 2
local caena 09 JAQ = [7qdQb,1) [, & (M) ., we use NFW profile.

© PO

These fluxes are much smaller than those measured by FERMI avdo 10 which
are O(1073) MeV/(cm? s sr) at those energies
It is thus not possible to obtain any constraints from this data.
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IDM large mass : Indirect detection prospects

7 and v signals : @, ,(AQ) = < V) NWV X AQPO

sensitivity of current experlments
Charged antimatter cosmic ray signals

—

ﬁ |:K(E7 Y)VA[Cr - Vconv/\/::ri| + é% [b<E)Mr + KEE%Mr] + F(E)J\/‘cr + Q ) =

2 d i‘
Q= BFIE x Y7, G BR: .

Positron (AMS+CAPRICE) and e* + & (PPB+ATIC+HESS) flux Antiproton flux
10 T T T T 1 T T T T T
13 1
o1 | ] 001 - ]
oot g 3 0.0001 |- -
0001 | 1
0.0001 | o 4 T te0s | B
= 105k 1 -
2 qe0s b E o 1e08 [ 4
< reor £
007 | i R
€ 4 S et B
e o b g + 4
R -
& 1e-10 ATICO7 i—=—i - &
HESSO07 H
111 | MHO 16 s i 1 & tenf 1
MHO 1TV A0 max
1612 £ MHO 1TeV Ajq max 1 i
1o-13 EMHO 10TeV 2,30 max ] te-16 |- 4
£ MHO 10TeV Ay max
tor14 EMHO 10TeV 2 max . ors | i
1e15 £ o b
1e-16 4 + 4 N 1e-20 : 4
0.1 1 10 100 1000 10000 0.01 01 1 I 100 1000 10000
Energy, E (GeV) Kinetic Energy, T (GeV)
z (MPIK-Hd) IDM scalar WIMP DM 07 November 2011

R0 J(AQ) , below the

0
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_ Indirect detection : Gamma Ray Lines
mpy, < my : Detection at colliders

m, = I5()IGeV. 7\.1’ <0
Amy= 50 GeV
10 §
g through extra contributions to I'(%) due to
& h — ApAg, HyHoicao PrDO7]
=
= AL
o oy g =10GV L\ ~ The new parameter space
—— 2-body, Am 0 =10 GeV .
- Shody Amo=50Gev -\ slightly change the prospects
<= 2-body, Am,‘u =50 GeV i
1L | I BT S
50 55 60 65 70
l’nHu [GEV]
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Indirect detection : Gamma Ray Lines

Cancellations : contribution to Higgs decay width

7
M, [GeV]

421730

07 November 2011
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_ Indirect detection : Gamma Ray Lines
Comparing 2-3 body annihilation cross section

3bdy annihilation dominates over 2 bdy on

S(WW )/o(2-body)

e )\, =102

1000C

100

0.01

— A, >0.m, = 120GeV
—— A, >0.m, =150 GeV
2, >0, m, =200 GeV

%] = 1e-2
AmAn‘z Am,,. = 50 GeV

80

... a significant range of the parameter space, depend on my,
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_ Indirect detection : Gamma Ray Lines
Comparing 2-3 body annihilation cross section

3bdy annihilation dominates over 2 bdy on

S(WW )/o(2-body)

e )\, =102

1000C

100

0.01f;

— 2,>0.m, =120GeV
- kL <0.m, =120 GeV
-= 2, >0.m, =150 GeV
<o A <0.m, =150 GeV
Ay >0.my
L b

A, <0, m, =200GeV

=200GeV| _.

%] = 1e-2
AmAn‘z Am,,. = 50 GeV

70 80

... a significant range of the parameter space, depend on my,
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Comparing 2-3 body annihilation cross section

3bdy annihilation dominates over 2 bdy on

10000

*

o(WW )/o(2-body)

0.01

e )\, =102

100

M— 2, >0.m, =120 GeV
S A <0.m, =120 GeV
—— A, >0.m, =150 GeV

A <0.m, =150 GeV

- &, >0.m, =200 GeV

S A <0.my =200 GeV

2] =1e3
AmAn‘z Am,,. = 50 GeV

50

80

.. a significant range of the parameter space, depend on m;,

e\, =103

.. the entire mass range independently of my,
but not representative for Hy = DM
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Coannihilation

Minimal splitting Ay-H, for good relic

14 T T T T T T T
2bdy ——
2+3 bdy
13 - | B
12 {4 b
%‘ |
o} 1+ | =
e A
£ \
' AY
& 10 Ay -
£ |
|
9 | B
|
|
8r = . ."l 7
— /
7 I I I I 1 I
40 45 50 55 60 65 70 75 80
my, [GeV]
o
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_ Indirect detection : Gamma Ray Lines
3bdy effect on DM ?

3-body processes can enhance DM annihilation :

@ supersymmetric dark matter :

o neutralino LSP : Chen & Kamionkowski JHEP *98 study ov,_,o and
impact on v detection from annihilation in the Earth bellow WW and 7
mass threshold
Yaguna PRD’10 demonstrate up to 10% effect on th for bino-like
including 7+ (usually 2-bdy bb dom)

e gravitino LSP : Choi & Yaguna 1003 W*[ and Z*v give significant (up to
90%) to G decay (usually 2-bdy v~ dom)

Choi, Restrepo, Yaguna & Zapata *1007 gamma+antimatter signal [see
Yaguna talk ! !]
@ scalar DM

e Higgs DM : Hosotani, Ko & Tanaka PLB’09 (gauge-Higgs unification)
Qpy ~ mpy =75 GeV (2bdy only) = mpy =70 GeV (including 3bdy)

e singlet scalar DM : Yaguna PRD’10, S§ — h — WW™* enhance ov,_, and
reduce €)py, independently of S-higgs coupling
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n-uplets : Potential - constraints

@ Full Potential
A 2
V(H, Hy) = VilHy) + P H o+ 5 (HH,) + s (HIHI) (HiH,)
A 2
+5 (H;Ty')Hn) + s (HITT;”Hl) (H:[Ta(n)Hn) ,

@ Dark scalars couplings to Higgs and masses :

X (%A(O)z + Yocoi, A(Q>A(*Q>> (2voh + 1)

A 2
mass of all components : m% =u*+ %%

at one-loop (cirenivos) : ~ m (A@) —m (AQ) = Q*AM,
with  AM, = gMy sin’ %W ~ (166 &+ 1) MeV

@ Stability constraint

)\1’2 > 0

A3 > =20\
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Multiplets : Relic density detection

Models Xs=0 Xs=27 A3=4r A3 =0 (SE) A = dr (SB)
Real Triplet 1.826+0.028 101 21.9 2.3 28.1
Real Quintuplet 4.642+0.072 9.6 174 9.4 35.7
Real Septuplet ~ 7.935+0.12 106 16.1 22.4 46.3

30

25

1)
S

my (TeV)
S

10
5
0 ]
-10 -5 0 5 10
A3
ez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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MDM

Quantum numbers DM can DM mass

SU(2)L U(1)y Spin| decay into in TeV
2 1/2 0 EL 0.54+0.01
2 /2 1/2 EH 1.1£0.03
3 0 0 HH* 2.0+ 0.05
3 0 1/2 LH 2.440.06
3 1 0 HH,LL 1.6 £0.04
3 1 1/2 LH 1.8 £0.05
4 1/2 0 HHH* 2.44+0.06
4 /2 1/2 (LHH*) 2.44+0.06
4 3/2 0 HHH 2.94+0.07
4 3/2  1/2 (LHH) 2.6 £0.07
5 0 0 |(HHH*H*) 5.0+0.1
5 0 1/2 — 4.440.1
7 0 0 — 8.5+ 0.2

Laura Lopez Honorez (MPIK-Hd)

from Cirelli et al NPB 753

IDM scalar WIMP DM

07 November 2011
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Indirect detection : Gamma Ray Lines

Inelastic Scattering aime aro) - new exclusion CRESST

Mo - L
a q

10 0
WIMP mass [Ge! é] WIMP mass [GeVic]

Left : allowed region consitent with DAMA @ 90, 99, 99.9 % CL for inert

doublet for 6 = 80, 150 keV (green Xenon10, blue CRESST 11 99%CL,
vo = 220 km/s, v.q = 650 km/s.

Right : new limits (july 2010 from CRESST, Seidel IDM2010), 1 pb=
10~36cm?
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Indirect detection : Gamma Ray Lines

Mh) mpg+, ny,

101S require 1mncreasing

Cancellat

160

+ 200 GeV <M,0 <400 GeV

o M,0<200GeV
= M,0>400 GeV

I
120

M, [GeV]

80

100 &

160

Hibsiiie

i

e

K
i

hi

80

100

M, [GeV]
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_ Indirect detection : Gamma Ray Lines
Cancellations : Couplings

wrbativity limit

L L
0 00 20 o 60
M, [GeV]
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_ Indirect detection : Gamma Ray Lines
IDM : Mass Ranges

Mass Ranges main contributions mass splittings main Refs
to oepy
mp, < mw(O(GeV)) HogHy — h™ — ff Am; zmz —my, ~ 90 GeV  Andreas et all '08
T, S HyHy — h* — ff Ami;zmz —mp, 27 GeV Barbieri et all 06
HyAg(HY) — Z°(W*) — ff[’] LLH et all '06
mu,  mw(O(TeV)) HoHy— ZZ,WW, hh Ami; £17.6 GeV Hambye et all '09

coannihil into bosons
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_ Indirect detection : Gamma Ray Lines
How to conciliate Heavy Higgs and EWPT measurements ?

New physics affect EW observables

Contributions to EWPT measurement
variable 7T from :

o Higgs: T(My) = — 25— In

" 8mcos? Oy Mz-*

@ H, scalars :
AT ~ st (My+ —My,)(My+ —Mpy,)

2472 ay?

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM

-0.4 T T T
-0.4 -0.2 0 0.2 0.4

0.4

0.2

-0.24

!

[ me=172.7£29 GeV
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_ Indirect detection : Gamma Ray Lines
How to conciliate Heavy Higgs and EWPT measurements ?

0.4

New physics affect EW observables fg:;pﬁ%j;ogg gl
S 0.2{Y=0 ]
Contributions to EWPT measurement
variable T from : ol ]
: . ___ 3 My
e Higgs: T(M)) = Sr oo O In - y )
e H, scalars : - \ T
~ 1 m,
AT = 2472002 (AlH+ —Ma, ) (1‘4H+ _MHO) 0.4 ‘ . (S8 CL
-0.4 -0.2 0 0.2 0.4

~+ When My+ > My, My, positive contributions from AT can compensate
the too large negative contributions from 7'(M;) due to heavy Higgs.

~+ With H, new physics one may push M), up to 500-600 GeV (parbieri et a “06]
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_ Indirect detection : Gamma Ray Lines
IDM : Potential - constraints

@ Full Potential
V(Hi,Hy) = pilH|* + 3| Ha* + M [Hy|* + X H[*

A
2 H P\ P+ M H P + 2 [(H,wz)2 + h.c.}
@ Dark scalars couplings to Higgs and masses :

% ()\HOH% + )\AOA(Z) + 2)\HCH+H7) (ZV()h + hz)
my =2\, m? =3+ A\

@ Stability constraint

)\1,2 > 0 s
AHO s Moy A, > — VA
® EWPT measurements : AT ~ ——1— (my+ — ma, ) (my+ — mpy,)

Laura Lopez Honorez (MPIK-Hd) IDM scalar WIMP DM 07 November 2011
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_ Indirect detection : Gamma Ray Lines
Prospects for Direct and Indirect detection

Direct detection through Elastic Scattering (m,, — mp, >150 keV)

Laura Lopez Honorez (MPIK-Hd)

T X Aty :
ol M”OM%

MH“ X )\H0 O < 9.410~° pb
bounded Ay, ~~ absolute upper bound
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Prospects for Direct and Indirect detection

Direct detection through Elastic Scattering (m,, — mp, >150 keV)

107
10°F
~ ~ - -
~
1071 Ho \I// Ho
h |
= 0 |
& |
< q q
S 0t /\
]0’”’—’ )
....... O X Aty
101 el My, M2
. s _
10’ 10° 10 My, < Ay ~ 0o < 9.410 9 pb

™y (GeV) bounded Ay, ~~ absolute upper bound

my, = 120 GeV for illustration
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Direct Detection searches

.. A very efficient probe of the myo > my parameter space :

o M, <200GeV
. 200Gev < M, <400 GeV

o' . 4nn(cv<M <600 GeV

& fe07

E Remember :

T N

- ¥, LRI Ea ﬁggg Eﬂﬂﬁsaaﬂgﬂx 0 My M;,

5 1e 08} iillae el i

H _ and for cancellations,

Expsensiivity | oeeeenen et )\L is necessarlly non zero

109 55 100 ) 140 160

M, [GeV]

~> a large fraction of the parameter space is already ruled out by CDMS ahmed-10
the remaining viable param. space is within the reach of Xenon 100 aprite ‘10
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